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Foreword
Providing quality care for people with kidney disease is the ultimate goal of the renal community.
Whether the patient has a new diagnosis of chronic kidney disease or just received a kidney
transplant, optimum health is the force that guides our actions.
Reaching the goal of quality care requires the entire healthcare team to work in a collaborative manner.
Nurses, physicians, social workers, and dietitians are known as the integral members of the team who
provide care for patients who receive dialysis. There are other important members of the healthcare team:
dialysis technicians. These are the individuals who spend a great deal of time with the patient and can
provide insight into various aspects of the patient’s care.
Skilled dialysis technicians, with the help and supervision of the nephrology nurses who work alongside them,
play a critical role in patient care. The need for comprehensive dialysis technician training is as great—or
greater—now than it was when the first edition of the Core Curriculum for the Dialysis Technician was
published in 1992. The newly revised 5th edition of the Core Curriculum will help to fill that need.
Like previous editions, it will serve as a comprehensive source of information on multiple aspects of
dialysis, including scientific principles, devices, reprocessing, water treatment, and more. Producing
this edition was a collaborative effort. Many dialysis nurses and other professionals spent countless
hours updating the contents, illustrations, and references to reflect current dialysis practices.
On behalf of the ANNA members involved in the process, I can assure you that we take pride in our
contributions. Our work on the Core Curriculum is a reflection of our longstanding commitment to
improve educational opportunities for dialysis technicians. Nephrology nurses and skilled dialysis
technicians share a common goal—providing safe, effective dialysis care that enables our patients to
live long and live well. We must be well prepared, using all the resources available to enhance our
skills and knowledge. The newly revised Core Curriculum is a welcome addition.
Rowena W. Elliott, PhD, RN, CNN, BC, CNE
President, American Nephrology Nurses’ Association (ANNA)
October, 2011
IV
Today’s dialysis environment is very different than the one we trained for in years past. As health care
providers, we have seen major changes that include new regulations, growing populations, different
modality options, and even new technology. The one thing that has not changed is the need to
provide outstanding care to the growing population of ESRD patients.
The multi-disciplinary team, which includes medical directors, nurses, patient care technicians, social
workers, dietitians, and biomedical technical staff must complete a formal training in nephrology and
dialysis to meet the goal of providing outstanding care to our patients. The largest change that has
occurred in the last couple of years is the requirement for hemodialysis patient care technicians to become
certified by a nationally recognized certification exam. This was a huge change for most technicians, but
we have seen great success in the industry in meeting this requirement.
With all of the changes in regulations and technology, revising the Core Curriculum was a must. This
updated version of the Core Curriculum will help the new technician to study and learn about dialysis,
and will also help all previous technicians learn about the new requirements and technology. The Core
Curriculum has always been the number one tool for the dialysis technician. It is widely accepted in the
industry as one of the best educational items available. This new edition will help ensure that consistent,
well-researched knowledge is shared regardless of technician location or employer.
As a hemodialysis technician, biomed, re-use technician, and director of technical services, I know that
I still reference the Core Curriculum and would recommend this manual to anyone looking to learn about
dialysis. I know that this new edition will help improve the lives of our patients and the care
that we are able to give them.
Heather Paradis, CHT
President, National Association of Nephrology Technicians/Technologists (NANT)
October, 2011
V
Reviewers
Deborah J. Brouwer, RN, CNN
Director, Clinical Operations
Bioconnect Systems, Inc.
Ambler, PA
Andrew Lleras, MPH, CHT, CBNT
Facility Administrator
IHS Inc
Bronx, NY
Wayne Carlson, BS
Director of Clinical Affairs
Minntech Corp.
Plymouth, MN
Nicole Martinez, CHT
PD/HHD Patient Care Technician
SKI/DaVita
Tempe, AZ
Cynthia Coppinger, RN, CCHT
Staff Nurse – North Salisbury, Maryland
Fresenius Medical Care
Ocean City, MD
Roberta Mikles, RN, BA
Dialysis Patient Safety Advocate
Advocates4QualitySafePatientCare
San Diego, CA
Karen Evans, RN, BSN, CHT, CBNT
Clinical Manager
FMC - City Dialysis Center
New York, NY
Michael Morales, BS, CHT,
CCHT, CCNT, CBNT
CEO
Dialysis Education Services, LLC
Bellflower, CA
Silvia German, RN, CNN
Manager, Wisdom Team
Clinical Education
DaVita
Divide, CO
Scott Hansen
Manager, Technical Services
Northwest Kidney Centers
Seattle, WA
Diana Hlebovy, RN, BSN, CNN, CHN
Clinical Support Specialist
Fresenius Medical Care
Elyria, OH
Don J&ouml;nsson, BSc
Senior Water Expert
Gambro
Lund, Sweden
Ingrid Ledebo, PhD
Director, Scientific Affairs
Gambro Research and Development
Lund, Sweden
VI
Marianne Neumann, RN, CNN
FFBI Clinical Lead
ESRD Network Coordinating Center
Albany, NY
Forest Rawls, BS, CCHT, CHT
Vascular Access Coordinator
Emory Healthcare
Dialysis Access Center of Atlanta
Atlanta, GA
Timothy Ray, DNP, CNP, CNN-NP
Nurse Practitioner
Cleveland Kidney &amp; Hypertension Consultants
Cleveland, OH
Kenneth R. Renel, CCHT
Biomed
Liberty Dialysis
St. George, UT
Timothy L. Shaw, CCHT
DaVita
Westminster, CO
Legal Disclaimer
This fifth edition of the Core Curriculum for the Dialysis Technician is offered as a general educational guide for dialysis technicians
and other medical professionals. When using this or any other educational guide, the reader must be aware of certain limitations.
This Core Curriculum is not to be used as a substitute for professional training, for clinical practice guidelines, or for the policies
and procedures of the hospital or clinic providing dialysis. This is important, since certain hospital or clinical policies may differ
from those discussed in this Core Curriculum. There may also be local, state, and federal regulations imposed on dialysis technicians, hospitals, or clinics which require different practices from those outlined in this Core Curriculum. Consult the product label
for any pharmaceutical or medical device referenced in this Core Curriculum.
Educational curricula such as this one can only draw from the information available as of the date of publication. Although the
authors of these materials have used considerable effort to assure that the information contained herein is accurate and complete as
of the date of publication, no guarantees of accuracy or completeness can be provided. The authors, editors, and publisher are not
responsible for errors or omissions or for any consequences from application of the information in this book and make no warranty,
expressed or implied, with respect to the currency, completeness, or accuracy of the contents of the publication. Application of this
information in a particular situation remains the professional responsibility of the practitioner.
Neither the Medical Education Institute, Inc., the authors, the reviewers, nor the funder are under any obligation to update the
information contained herein. Future medical advances; product information; or revisions to legislative, administrative, or court
law may affect or change the information provided in this Core Curriculum. Technicians and other medical professionals using
this Core Curriculum remain responsible for monitoring ongoing medical advances relating to dialysis. This Core Curriculum is
provided with the understanding that neither it nor its authors are engaged in rendering medical or other professional advice. If
medical advice or other expert assistance is required, the reader is herein advised to seek the advice of a competent professional.
The reader must recognize that dialysis involves certain risks, including the risk of death, which cannot be completely eliminated,
even when the dialysis procedure is undertaken under expert supervision. Use of these materials indicates acknowledgment that
neither the Medical Education Institute, Inc., the authors, the reviewers, nor the funder will be responsible for any loss or injury,
including death, sustained in connection with, or as a result of, the use of this Core Curriculum.
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I lost my kidneys in 1988 from nephrotic syndrome. My kidney transplant lasted 13 years
and now I am on hemodialysis.
My experience with dialysis techs is that they have always been understanding to my needs,
caring, efficient and kind.
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Objectives
Today’s Dialysis
Environment: An Overview
After you complete this module, you will be able to:
1. Discuss how dialysis is paid for in the United States.
2. List two quality standards for dialysis.
3. Describe the four steps of continuous quality improvement (CQI).
4. Define what it means to be a professional and list three examples
of professional behavior.
5. Explain how a dialysis technician can become certified.
A list of the abbreviations used can be found at the end of the module.
2
2
M o d u l e
Introduction
How a patient feels on dialysis depends on a
number of factors that may include:
As a dialysis technician your job is to help give
people whose kidneys have failed safe and effective dialysis treatments. To do this well, it will
help you to learn:
Age
How active a patient was before
kidney failure
How good the dialysis is
Other illness (such as diabetes or high
blood pressure)
The patient’s outlook
Support from loved ones
As a dialysis technician, you have a chance each
day to help patients feel their best—and this can
lead to a rewarding career.
What dialysis is and a brief history of it
What laws govern dialysis treatment
How to ensure high quality care for patients
How to behave in a professional way
How to become certified
We cover all of these topics in this module.
We don’t do dialysis just to clean the blood. We do
dialysis to help patients live as fully as they can.
Helping them to reach this goal is one of the best
parts of being a dialysis technician.
Dialysis is so complex that a whole team must
help meet patients’ needs for treatment, nutrition,
medications, and social support. Team members
include technicians, nurses, dietitians, social
workers, and doctors. Others, such as physical
therapists, pharmacists, exercise physiologists, and
clergy, may be called on as well.
Each patient is the most important member of his
or her own team. Patients are the only ones who
know how dialysis affects them. Some choose to
take an active role in their care. They know a lot
about their treatment and how it affects them.
This is a plus! Patients who don’t learn about
their care are much more likely to die.1
1
Overview of
Dialysis
When the kidneys fail, the patient will die without a kidney transplant or dialysis. Most people
start with dialysis—though some do get a kidney
transplant first. Dialysis filters wastes and excess
water out of the blood. Between treatments,
wastes and excess water build up again. To reduce
wastes, treat symptoms, and help prevent problems, most patients will have diet and fluid limits
and take medications.
There are two main types of dialysis: hemodialysis
(HD) and peritoneal dialysis (PD).
HD is the most common
(see Figure 1).
Many patients who get good dialysis can lead full
and active lives. For others, having a good quality
of life is harder.
Figure 1: Hemodialysis
Drawing adapted with permission from Fresenius Medical Care – North America
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Hemodialysis (HD)
Peritoneal Dialysis (PD)
To do HD, an entry into the patient’s bloodstream is needed: a vascular access. During a
treatment, two large needles are placed in the
access. Each needle connects to tubing. Blood
flows out of the patient to a dialyzer (artificial
kidney) through one needle. It is filtered and
cleaned in the dialyzer and goes back to the patient through the other needle.
PD is a home treatment. It uses tiny blood vessels in the peritoneum (the lining of the inside of
the abdomen) as a filter to clean the blood (see
Figure 2). Access for PD is through a catheter
(tube) placed through the wall of the abdomen,
or sometimes through the chest wall. A nurse
teaches the patient to use the catheter to fill the
belly with sterile dialysate. Wastes and excess
water flow out of the tiny blood vessels and into
the dialysate. After a “dwell” time of a few hours,
used dialysate is drained out and fresh dialysate is
added. This process is called an exchange.
Wastes and water pass through hair-like filters in
the dialyzer and into a fluid called dialysate. Used
dialysate is sent to a drain. The dialysis machine
sets the rate of blood flow, has safety alarms, and
mixes and delivers dialysate.
HD can be done in a number of ways:
Standard in-center HD – in a dialysis
center 3 times a week, for about 4 hours
per treatment
Nocturnal in-center HD – in a dialysis center
at night 3 times a week, for about 8 hours
per treatment
Standard home HD – at home 3 times
a week or every other day, for 4–6 hours
per treatment
Short daily home HD – at home 5 or 6 days a
week, for 2.5–4 hours per treatment
Nocturnal home HD – at home 3–7 nights a
week, for about 8 hours per treatment
Why would someone want to do more HD than
the “standard”? Longer or more frequent HD is
more gentle, causes fewer symptoms, and may
help patients live longer.2 And, home treatments
put the patient in charge, which some prefer.
When patients do HD at home, a nurse trains
them, and the clinic provides the machine and
supplies. Patients do not have to buy them.
PD goes on 7 days a week. In the most common
type of PD,3 patients use a cycler machine at
home at night while they sleep. PD can also
be done by hand, most often four times a day.
Manual PD can be done at home, at work, or
while traveling.
Dialysate
Inflow
Peritoneal
lining
Peritoneal
cavity
Figure 2: Peritoneal dialysis
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Payment for
Dialysis and
Transplant
What if we knew how to save the lives of patients
with kidney failure, but we didn’t have enough
machines? Who would decide which patients
would live and which would die? Before 1973,
this really did happen all across the country.
1
To this day, kidney failure is the only disease with
its own Medicare program. Medicare makes rules
all dialysis clinics must follow if they want to be
paid, called the Conditions for Coverage for
ESRD Facilities.6 The Conditions were updated
in 2008 for the first time in 29 years. Dialysis is
still very costly today. Some people start
treatment with no health plan.
Table 1: Dialysis before and after Medicare
Before Medicare
After Medicare
Hospitals had “Life and Death” committees with
lay people and clergy.4 They chose patients based
on age, how mature and educated they were,
whether they had children, whether they could
pay for their care, and how much they might give
back to society if they lived. For those who were
chosen, the costs of treatment were very high.
Insurance companies called dialysis “experimental” and did not pay for it.
About 40% of patients did
their treatments at home.4
More centers began to open
and most people got their
treatments in a center.
There were only
a few dialysis centers.
Today, there are more than 5,400
centers.7 Most belong to large
dialysis organizations (LDOs) that
own 20 or more centers.8 In 2010,
77.5% of those on dialysis went to a
center owned by an LDO.9
People with kidney disease fought to get the costly treatment paid for. One patient, Shep Glazer,
did part of a treatment on the floor of Congress.4
In 1972, Congress was convinced that it made
sense to help patients be working, tax-paying
citizens. Public Law 92-603, the Medicare EndStage Renal Disease (ESRD) Program took effect in 1973. This program gives Medicare
to patients who have worked enough to
qualify for Social Security.5
Most people chosen for
dialysis were young—
under 45—and healthy,
apart from kidney failure.4
Once Medicare began to pay,
older and sicker people could
get dialysis, too.
Medicare (which is run by the
Centers for Medicare and Medicaid
Services – CMS) pays 80% of
the cost of dialysis and kidney
transplants. Health plans,
Medicaid, state programs,
or patients pay the rest.
See how Medicare
changed dialysis
in Table 1.
Figure 3: Capitol
Patients who don’t have Medicare when they start
must wait 3 full months for it to start to pay—IF
they do in-center HD. But, if they train for a
home treatment or in-center self-care, Medicare will
pay on day 1.10 Choosing a home treatment or
self-care right away can save patients thousands
of dollars.
Some patients have employer group health plans
(EGHP) through a job or a spouse’s job. EGHPs
are primary. They pay first for the first 30 months
of treatment. Medicare is secondary during this
time. It pays some or all of what the EGHP does
not cover. After the 30 months are up, Medicare
becomes primary and the EGHP pays second.
EGHPs tend to pay more than Medicare—
sometimes much more. Dialysis centers earn
more when more patients can keep their jobs
and their EGHPs.
Until January 2011, Medicare paid for dialysis
with a composite rate for each treatment. The rate
was based on age, weight, and height, so it was
5
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Quality in Dialysis
different for each patient. It paid for overhead,
staff, machines, patient rehab efforts, and some
drugs. Other drugs and some lab tests were paid
for separately.
The quality of dialysis has been a focus of the
Medicare ESRD Program since it passed in 1972.
The goal of dialysis was never just to keep patients
alive, but to help them to stay active, work, and
pay taxes. Once there were enough machines to
treat all patients, we were able to focus on this
goal. Congress wants to know that the Medicare
ESRD Program is worth its high cost. This is
done, in part, by showing that centers give high
quality care.
In January 2011, Medicare changed over to a new
way to pay for dialysis: the ESRD Prospective
Payment System (PPS), called the “bundle.”11
The PPS “bundles” what was in the composite
rate plus lab tests, some drugs, and home training
into one payment.12 The rate still differs for each
patient based on age, weight, height, and some
other illnesses. And, it differs across the US based
on local wages.
ESRD Networks
With the PPS, dialysis centers have had to change
how they care for patients. They used to make
money giving medications and doing lab tests.
Now, these cost money instead. PD, home HD,
and nocturnal in-center HD let patients use fewer
medications. So, these treatments are good for
the patients who can do them and the centers
that offer them.
In 1978, Congress set up ESRD Networks to
oversee the quality of dialysis care in the US.13
There are 18 ESRD Networks, and most are
non-profit. All are under contract with Medicare
to cover 1–6 states (see Figure 4). Networks do a
number of things:
Promote rehabilitation
Collect and report data about dialysis
Do quality improvement projects
Handle patient grievances
Help clinics deal with conflict
Provide resources to staff and patients
In January 2012, Medicare will make a second
change to dialysis payment. A quality incentive
program (QIP) starts, called pay for performance (P4P). P4P cuts a center’s Medicare
payments by up to 2% if they don’t meet certain
measures.12
Dialysis clinics are required by law to work with
the Networks.
The first P4P measures include patients’ levels of
hemoglobin (a red blood cell pigment) and HD
adequacy (treatment dose). Other measures may
be added as well. The goal is to make care better
by paying less for poor outcomes. The whole
care team will need to help the center meet the
measures.
16
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Figure 4: ESRD Network map
Drawing adapted with permission from the Forum of ESRD Networks
6
U.S. Virgin Islands
3
M o d u l e
Guidelines for
Dialysis Care
To measure the quality of care in a center, we
look at outcomes or results of care. Outcomes like
morbidity (sickness) and mortality (death) vary
from center to center. This can be due to differences in patients, in care, or both.
Updates and new guidelines are always in process.
You will need to stay aware of these changes and
how they may affect your center. To work, guidelines must be used each day. As a technician, you
will be a key member of a team that puts the guidelines into practice and helps patients understand
them. You will learn more about your role in this
in Module 2: The Person with Kidney Failure.
How can we improve outcomes for all patients?
One way is to find the best ways to do dialysis
and require centers to use them. Clinical
practice guidelines are efforts to do just that.
Dialysis Outcomes and
Practice Patterns Study
(DOPPS)
Renal Physicians
Association (RPA)
In 1993, the first clinical practice guideline for
kidney failure came from nephrologists (kidney
doctors) in the RPA. It suggested a minimum
dose of HD. Other RPA guidelines include care
of people with kidney disease who are not on
dialysis, and when to start and end dialysis.14
National Kidney Foundation
(NKF)
The Dialysis Outcomes Quality Initiative
(DOQI) was formed in 1995.15 Teams of experts
wrote sets of guidelines for:
Anemia
HD adequacy
PD adequacy
Vascular access
Since 1997, the scope of the DOQI has grown to
cover all stages of kidney disease. Now it is called
the NKF Kidney Disease Outcomes Quality
Initiative (KDOQI™). The goal of the KDOQI
Guidelines is to improve the care and outcomes
of all people with kidney disease in the US.
In 2003, a new NKF program called Kidney
Disease: Improving Global Outcomes (KDIGO) began to improve the care of kidney patients
around the world.
1
DOPPS is a long-term study of patients in Australia,
Belgium, Canada, France, Germany, Italy, Japan,
New Zealand, Spain, Sweden, the United Kingdom,
and the US. The goal of DOPPS is to help patients
live longer by looking at practice patterns in
centers.16 The data are used to help find practices
that can be changed to improve patient outcomes.
ESRD Quality Initiative
In 2004, the ESRD Quality Initiative17 was
launched. Its goal is to support higher quality
dialysis care. Parts of the program are:
ialysis Facility Compare – a website with
D
quality information about dialysis centers to
help patients choose where they want to go
(www.medicare.gov/dialysis)
Fistula First Breakthrough Initiative – a
program that aims to increase the use of
fistulas for HD access
ESRD Conditions for Coverage – Rules
dialysis centers must follow to get payment
from Medicare
CAHPS In-Center Hemodialysis Survey –
satisfaction survey for HD patients
ESRD Clinical Performance Measures –
yearly data from dialysis centers that is used
to find ways to improve care
Consolidated Renal Operations in a
Web-enabled Network (CROWNWeb) – a
central place to collect data about dialysis
patients
Quality Incentive Program (QIP) – pay for
performance based on standard measures
7
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Quality Standards
for Dialysis
State Surveyors inspect clinics for Medicare to be
sure they follow the rules in the Conditions for
Coverage. The surveyors review patient charts,
talk to patients, and use a checklist of the rules
called the Measures Assessment Tool (MAT).
Clinics that don’t follow all of the rules must make
a Plan of Correction. A new survey may be done
to be sure the clinic has fixed the problem. In severe cases, clinics can lose their Medicare funding.
The same surveyors who visit dialysis clinics also
inspect nursing homes and mental health facilities. Each of these must be inspected once a year,
but there is no such rule for dialysis. This means
that years may go by between surveys—or not.
A center should always be ready for a survey and
work each day as if it will be inspected.
Many other dialysis standards exist:
SRD Networks have Medical Review
E
Boards that collect patient and center data
to measure outcomes. And, Medicare may
also require Quality Improvement efforts for
the whole US.
The Joint Commission (TJC) has standards
for hospital-based dialysis programs.
The Association for the Advancement of
Medical Instrumentation (AAMI) has
standards for dialysis water treatment,
dialysate, and dialyzer reuse. CMS has
included the AAMI standards in the
Conditions for Coverage.
The Food and Drug Administration (FDA)
oversees all medical devices. In 1991, the
FDA put out Quality Assurance Guidelines
for Hemodialysis Devices.18 These guidelines,
still in effect, cover dialyzers, blood tubing,
alarms, dialysis machines, dialyzer reprocessing equipment, water treatment, and all other dialysis devices. The FDA requires clinics
to fill out reports to tell manufacturers and
the FDA about problems with devices and
equipment, as well as adverse events.18
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e United States Renal Data System
Th
(USRDS) puts out a report each year that
compares data from all US dialysis centers.
Data include the number of patients, death
rate, cost of care, and much more. The results
help us to see if outcomes for all patients are
getting better or worse. Centers can compare
the US data with their own outcomes.
Continuous Quality
Improvement (CQI)
in Dialysis
CQI is a way to look at what is going on in a
system (like a dialysis center), find problems,
and fix them.19
CQI can be both “top-down” and “bottom-up.”
Top-down means management commits to a CQI
culture and uses resources to help CQI succeed.
Bottom-up means workers find ways to make
changes to improve care. CQI projects can be:
Clinical – e.g., anemia, dialysis dose,
access problems
Technical – e.g., water treatment,
dialyzer reuse
Organizational – e.g., staff schedules,
patient safety
CQI Process
Different CQI models exist, but their goals are
the same. The large dialysis organizations have
CQI programs that are used in all of their centers.
Below is an example of a four-step CQI process.19
Steps I–III are where the CQI models may differ.
I. Identify Improvement Needs
The goal of this step is to find something that
needs to be improved. There are four sub–steps:
1. Collect data
2. Analyze the data
3. Identify the problem/need for improvement
4. Prioritize how to fix it
M o d u l e
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II. Analyze the Process
1. Choose a team – include members of
the care team based on the problem:
doctors, nurses, dietitians, technicians,
social workers, and patients.
2. Review the data – look at the data from
the first step.
3. Study the process/problem – review the
literature on the problem to see if there are
standards or guidelines for it. Find reasons why the problem may have occurred.
4. Look for patterns and trends – think about
reasons for the problem, using the data.
III. Identify Root Causes
From research, discussion, and data, decide
the causes of the problem.
IV. Implement the “Plan, Do,
Check, Act” (PDCA) Cycle
The last step is to use the PDCA cycle (see
Figure 5). The four steps in the PDCA cycle are:
1. Plan – make a plan to address the problem.
Include outcomes, ways to solve the problem, a task list for each team member, and a
time frame.
2. Do – try the action plan.
3. Check – monitor the results of the plan, assess results after the plan is done, and evaluate the plan for any needed changes.
4. Act – adopt the plan in the center on a formal basis and continue to check progress.
The PDCA cycle is an ongoing process. Once a
solution to the problem is started in the center, you
can’t assume that the problem is solved. The new
process needs to be checked to be sure it is being
used in day-to-day care. When one part of a process
changes, others that may have relied on the first may
change, too. So the whole process must be watched.
The Conditions for Coverage now have a rule
that requires quality improvement. Each dialysis
center must have a quality assessment and performance improvement (QAPI) program.6 All
services (e.g., HD, PD, reuse of dialyzers) given
by a dialysis center must be included.
Figure 5: CQI process
A QAPI program needs to use a PDCA approach
and:
se clinical practice guidelines to track
U
health outcomes
Find, prevent, and reduce medical errors
Take action to improve outcomes that do not
meet the target levels
Measure patient satisfaction
Dialysis Technician
Professionalism
As a dialysis technician, you are a member of a
team that cares for patients at your center. You
will have more direct patient contact than any
other staff member. You need to know what it
means to do your job in a professional way.
A professional should:
Know the field and the job; become an expert
Do high-quality work
Follow a high standard of ethics
Have good work morale and motivation
Respect patients and colleagues
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How can you behave in a professional way?
Keep learning. Ask questions, read,
take classes.
Take pride in your work. Arrive on time,
dressed for work, and well groomed.
Follow your center’s policies and procedures.
Be sure all equipment is ready and working
when the patient arrives.
Keep the patient care area clean, organized,
and free of blood.
Wash your hands and put on clean gloves
before you touch a patient! Infection control
is one of the most important ways to be a
professional. We’ll talk more about this in
other modules.
Use patients’ titles (i.e., Mrs. Smith), not a
first name or nickname unless a patient asks
you to.
Say “please” and “thank you” when you talk
to patients, families, and other staff members.
Maintain the patient’s dignity. Always
introduce yourself and other members of
the team to new patients so they feel more
comfortable with the center.
If you speak to your coworkers in a language
other than the one used for business in the
center, follow your clinic’s rules. When you
use a language patients don’t speak, they may
think you are talking about them or being
rude.
Never talk about one patient in front of
another.
Protect everyone’s privacy and confidential
information. Speak quietly on the patient
care floor—don’t yell across the room.
Professional Boundaries
Boundaries are like fences. They are a key part of
professionalism because they keep the relationship between you and your patients appropriate
and safe. Here are some boundaries that must be
kept in dialysis:
ever share your personal life or concerns
N
with or in front of patients.
Never date patients.
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ever ask for or borrow money from paN
tients—or give or lend money to them.
Never invite patients to your home or to
events that are not related to the center.
Never accept tips, money, or gifts from
patients.
Never touch patients in a sexual way.
Never invade a patient’s personal space—it
can make the patient afraid and be dangerous for the staff.
Another key issue is confidentiality—keeping
patient privacy. Your center will train you about
privacy and the rules of the Health Insurance Portability and Accountability Act (HIPAA) law. HIPAA
gives federal protection for personal health information (PHI). PHI can be used only for patient care
and billing. HIPAA allows the federal government
to fine dialysis centers that do not follow the law.
Groups You can Join
Knowledge is power. It takes time and discipline
to learn all you will need to know, but you will
reap the rewards in many ways. The two groups
below can help you learn more about dialysis.
National Association of
Nephrology Technicians/
Technologists (NANT)
NANT is a national, non-profit, professional
organization founded in 1983. NANT’s goals
are to ensure that technicians are included in
decision making for dialysis care, maintain safety
and quality, help the renal community improve
technology, and provide education.20 NANT is
the only US group just for dialysis technicians.
It has an elected Board of Directors and 1,500
members.
To learn more about NANT, call
(877) 607-6268, email nant@meinet.com,
or visit www.dialysistech.net.
M o d u l e
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Council of Nephrology
Nurses and Technicians
(CNNT)
CNNT is a professional council of the National
Kidney Foundation (NKF). Its focus is on advising
the NKF about policies that affect nurses and technicians, promoting education, helping to develop
clinical or research training, conducting public
service projects to prevent and detect kidney disease,
and helping the care team members work together.21
To learn more about CNNT,
call (800) 622-9010, or visit
www.kidney.org/professionals/cnnt.
Technician Certification
CMS now requires in the Conditions for
Coverage that all dialysis technicians be certified.
This means you will need to pass a test given by an
approved state or national program. Your clinic
will help you find out which programs are
approved in your state.22
The national certification programs are:
Certified Clinical
Hemodialysis Technician
(CCHT) Exam
The Nephrology Nursing Certification Commission (NNCC) offers this 150-question exam. The
CCHT content comes from four HD practice
areas: clinical (50%), technical (23%), environmental (15%), and role (12%).23
A joint task force of NANT and the American
Nephrology Nurses’ Association (ANNA) wrote
the exam.
To take the CCHT exam, you will need to pay
a fee and:
ave at least a high school diploma or a
H
GED – you will need a copy of your
diploma
Successfully complete a training program
with both classroom learning and supervised
clinical work
Figure 6: Certification exam
et a preceptor or supervisor signature to
G
prove your training and clinical time
Follow all of the federal and state laws that
apply
Meet the training and experience requirements in the Conditions for Coverage and
for your state
NNCC suggests (but does not require) that you
work for 6 months full time (about 1,000 hours),
including training, before you take the exam.The
certification lasts 3 years, then you must renew it.
To learn more about the exam and how to
prepare for it, see the exam website at
www.nncc-exam.org (and click CCHT).
Certified Hemodialysis
Technician (CHT) Exam
The Board of Nephrology Examiners Nursing and
Technology (BONENT)24 offers a 150-question
exam to become a Certified Hemodialysis Technician
(CHT). You can put CHT after your name when
you pass. The exam tests your knowledge of five
major areas: patient care (65%), machine technology
(10%), water treatment (5%), dialyzer reprocessing
(5%), and education/personal development (15%).
11
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To take the CHT exam, you must pay a fee and:
ave at least a high school diploma or a
H
GED – you’ll need a copy of your diploma
or official transcript with a school seal or the
principal’s signature. If you don’t have proof
of a diploma or GED, 4 years of work as a
dialysis technician can be used instead.
Have one year of dialysis patient care or
completion of a BONENT-approved
dialysis technician training program.
Two signed letters of reference – one from
your supervisor. The other can be from a
peer or a mentor in dialysis.
You have three chances to pass the exam in 12
months. If you don’t, you’ll need 8 more hours
of continuing education in dialysis or a passing
grade on an educational program. The certification lasts 4 years, then you must renew it.
To learn more or take an online practice exam,
visit the BONENT website at: www.bonent.org.
Certified in Clinical
Nephrology Technology
(CCNT) and Certified in
Biomedical Nephrology
Technology (CBNT) Exams
The National Nephrology Certification Organization, Inc. (NNCO) offers two exams:25
1. Clinical Nephrology Technology – you
can put CCNT after your name if you pass.
The CCNT exam measures knowledge in six
areas: principles of dialysis (10%), care of
the patient with kidney failure (15%), dialysis procedures and documentation (15%),
complications of dialysis (15%), water treatment and dialysate preparation (15%), infection control and safety (20%), and dialyzer
reprocessing (10%).
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2. Biomedical Nephrology Technology – you
can put CBNT after your name if you pass.
The CBNT exam measures knowledge in
six main areas: principles of dialysis (25%),
scientific concepts (15%), electronic applications (10%), water treatment (20%), equipment functions (20%), and environmental/
regulatory issues (10%).
To take the CCNT or CBNT exams, you must
pay a fee and:
ave at least a high school diploma, GED,
H
or 4 years of work as a dialysis technician.
Have completed a total of one year in a
training program, work experience, or both.
(In Ohio, you must have 12 months of patient care experience to take these exams).
To learn more about the exams, visit the NNCO
website at: www.ptcny.com/clients/NNCO.
Conclusion
The history of dialysis and how it is paid for provide important context for your job as a dialysis
technician. Knowing the system of care and how
you fit into it can help you to do a better job of
what really matters: helping your patients live
as fully as they can. When you act like a professional, you help your patients to feel safe and you
can give them better care.
M o d u l e
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Acronym
What It Stands For
Meaning
AAMI
Association for the Advancement of Medical
Instrumentation
Organization that sets standards for dialysis equipment and water
ANNA
American Nephrology Nurses’
Association
Voluntary organization
BONENT
Board of Nephrology Examiners,
Nursing and Technology
Group that offers the CHT exam
CBNT
Certified in Biomedical Nephrology Technology
Dialysis technician certification exam
CCHT
Certified Clinical Hemodialysis
Technician
Dialysis technician certification exam
CCNT
Certified in Clinical Nephrology
Technology
Dialysis technician certification exam
CHT
Certified Hemodialysis Technician
Dialysis technician certification exam
CMS
Centers for Medicare and Medicaid Services
Medicare
CNNT
Council of Nephrology Nurses and Technicians
NKF professional council dialysis technicians can join
CQI
Continuous quality improvement
Process to improve
CROWNWeb
Consolidated Renal Operations
in a Web-enabled Network
Computer system to collect dialysis data
DOPPS
Dialysis Outcomes and Practice
Patterns Study
International study of dialysis patients
EGHP
Employer group health plan
Health plan from work
ESRD
End-stage renal disease
Kidney failure
FDA
Food and Drug Administration
US agency that regulates food and drug safety
HD
Hemodialysis
Cleaning the blood with a filter
HIPAA
Health Insurance Portability
and Accountability Act
Law that protects privacy of patient information
KDIGO
Kidney Disease: Improving
Global Outcomes
Global clinical practice guidelines
KDOQI
National Kidney Foundation Kidney Disease
Outcomes Quality Initiative
US clinical practice guidelines
LDO
Large dialysis organization
Company with many clinics
MAT
Measures Assessment Tool
Used by CMS surveyors to inspect dialysis clinics
NANT
National Association of Nephrology Technicians/
Technologists
Voluntary organization
NKF
National Kidney Foundation
Voluntary organization
NNCC
Nephrology Nursing Certification Commission
Group that offers the CCHT exam
NNCO
National Nephrology Certification Organization
Group that offers the CCNT and CBNT exams
P4P
Pay for performance
Incentive program to improve care
PD
Peritoneal dialysis
Cleaning the blood using the peritoneum
PDCA
Plan, Do, Check, Act
Steps in CQI
PHI
Personal health information
Information protected by HIPAA law
PPS
Prospective payment system
Bundled payment
QAPI
Quality Assessment and Performance Improvement
CQI required by CMS
QIP
Quality incentive program
Pay for performance
RPA
Renal Physicians Association
Voluntary organization
TJC
The Joint Commission
Agency that inspects healthcare programs and organizations
USRDS
United States Renal Data System
Dialysis data
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FEATURED PATIENT ARTWORK &raquo;
Warren Froneberger
I am a 64 year old dialysis patient. I
have been on dialysis for 5 years. This
is a sketch of an actual patient on
dialysis sitting across the room from
me. He is sleeping very comfortably.
I know from experience that dialysis
can make you very tired.
My advice for new dialysis technicians
is to know that you have a very important job. Take time to learn. Don’t
be afraid to watch and observe more
experienced techs. Be patient with
yourself and your patients, as patience
goes a long way.
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Objectives
The Person with Kidney Failure
After you complete this module, you will be able to:
1. Label the structures and list the functions of a normal kidney.
2. Explain the difference between acute and chronic kidney disease.
3. List five symptoms of uremia.
4. List at least four health problems that often occur due to kidney failure.
5. Describe treatment options for kidney failure.
6. Discuss the role of each member of the care team.
7. Describe three communication skills used with patients.
8. State the goal of rehabilitation and define your role in it.
A list of the abbreviations used can be found at the end of the module.
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Introduction
People whose kidneys fail need dialysis or a
kidney transplant to live. There are several types
of treatment. The treatment patients choose will
have a huge impact on their day-to-day lives,
including:
What they can eat and drink
How well they sleep
How many medications they need to take
Whether they can be active and keep a job
How they spend their time
Whether they can father or bear children
The person on dialysis is the focus of care. He or
she is the one whose life can be made better by
good dialysis—or who can be harmed by poor
treatment or errors. Some patients will take an
active role in their care and learn all they can.
Respect this interest and encourage it! Others
may not be as active. They need your support
and help, too.
Some people give up on life when they need dialysis. Others view their treatment as just a small
part of their lives. They are teachers, bus drivers,
lawyers, homemakers, real estate agents, tool and
die makers, students, parents, and much more.
Either way, those on dialysis are more than just
patients. They are people first—just like you.
The goal of caring for people with kidney failure
is to help each one reach his or her highest level
of health. Your patients have just one thing in
common—kidneys that don’t work. Aside from
that, each has unique knowledge, interests, and
ways he or she prefers to do things. Treat each
person with respect. Think about how you or
your loved ones would want to be treated. Keep
this in mind each day at work to help you give
the best care to all of your patients.
As a dialysis technician, you are the eyes and ears
of the care team. You have the closest contact
with each patient. This role gives you a chance to
learn about your patients and share vital insights
with the team that can help you to improve care.
Patients will ask you questions. They will expect
you to know the answers—or refer them to a staff
2
person who can help. This means you need to
know about kidney disease, what causes it, how it
affects the body, what treatment options there
are, and more.
This module covers:
Normal kidney function
Acute and chronic kidney disease
Problems caused by kidney failure
Treatment options for kidney failure
The role of the care team
Renal (related to the kidneys) nutrition
How to help patients cope with
kidney disease
Communication skills
Rehabilitation
What you learn will help you understand your
patients so you can give them the best care.
Renal Anatomy
Most people have two kidneys (see Figure 1).
Each is about the size of a fist and weighs about
five ounces. Kidneys are in the back of the body,
just above the waist. Pads of fat and the bones of
the rib cage protect them.1
Rib Cage
Kidney(s)
Ureter
Bladder
Urethra
Figure 1: Location of the kidneys
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Structure
of the Kidneys
A tough, fibrous outer capsule surrounds each
kidney (see Figure 2). Just inside the capsule is a
layer of cells called the cortex. If you cut a kidney
in half, you’d see that under the cortex, the kidney
has sections:
Nephrons
Each heart beat pumps blood to the kidneys.
Capillary blood vessels—some so small that just
one red blood cell can pass through at a time—
carry blood to a million or so nephrons, or filters
(see Figure 3). Nephrons start in the renal cortex
and extend into the medulla. They get rid of
excess water and wastes, and keep what the body
needs. Each nephron is made up of a glomerulus
and a tubule.1
e inner part of the kidney, or medulla, is
Th
made of pie-shaped wedges called pyramids.
Points of the “pie” are called papillae.
Each papilla points into a cup-shaped
opening called a calyx.
Each calyx sends drops of urine into the
renal pelvis.1
The renal pelvis of each kidney links to a
ureter (a tube that sends the urine to the
bladder).
Both ureters empty into the bladder.
The bladder stores urine until it leaves the
body through a tube called the urethra.1
Bowman's capsule
2 — 3 inches
Fibrous
capsule
Blood moves
into glomerulus
Small blood
vessels
Blood leaves
nephron
Renal vein
Tubules
conduct
urine out
of nephron
Calyx
Renal artery
4.5 inches
Medulla
(pyramid)
Waste and
water move
from capillary
into urinary
space to
form filtrate
Tubule
Filtrate is
modified to
form urine
in tubule
Urine
Renal pelvis
Papilla
Figure 3: Nephron
Ureter
Glomeruli
Cortex
Figure 2: Cross section of the kidney
A glomerulus is a ball of capillaries in a sac called
Bowman’s capsule. (The plural of glomerulus is
glomeruli.) Capillary walls are semipermeable
membranes. Like a filter, pores in the walls let
small substances pass through.
Kidneys work a little like a coffee maker. A filter
keeps large coffee grounds in, but lets liquid coffee pass through. If the filter is torn, grounds will
leak into your coffee.
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The Functions
of the Kidney
Like a coffee filter, pores in healthy glomerulus
walls keep in large cells, like blood cells and
proteins. Blood enters each glomerulus from an
afferent (toward the organ) arteriole (small artery)
(see Figure 4). With each heart beat, blood
pressure forces water out of the blood—through
tiny slits—into “Bowman’s space.”1 Small wastes
and more water pass through the pores as glomerular filtrate. If there is nephron damage, large
cells can leak through, too.
The main job of kidneys is to keep the right
balance of chemicals and fluid in the body at all
times. We call this homeostasis. To keep balance
in the body, the kidneys:
Remove wastes
Keep water and electrolytes in balance
Control blood pressure
Maintain acid-base balance
Make hormones
A normal adult makes about 125 mL of glomerular filtrate each minute; about 180 liters
per day. Nearly all of the filtrate is reabsorbed in
the tubules. Blood goes back to the bloodstream
through the efferent (away from the organ)
arteriole.1
Removal of Wastes
One of the main tasks of the kidney is to excrete
(get rid of ) wastes and excess water as urine.
Urine is excess body water with a high level of
wastes from:
Venule
Arteriole
2
Foods that are metabolized (broken down)
Breakdown of tissue due to normal
muscle use
Drugs, toxins, and acids
Fluid and Electrolyte
Balance
Figure 4: Capillary
Tubular System
Each glomerulus sends filtrate into a tubule that
has four parts:
The proximal (near) convoluted tubule
The loop of Henle
The distal (far) convoluted tubule
The collecting tubule
Inside the tubules, chemicals and water that the
body needs pass back into the blood. Wastes and
extra water empty into the calyces. From there,
they flow into the renal pelvis and then the ureter
to become urine.1
Only 1% or so of the water in the glomerular
filtrate becomes urine. The rest goes back into
the bloodstream. Each day, 180 liters of filtrate
(a liter is about a quart) become just one to two
liters of urine.1
Most substances that pass through the kidneys
go back into the blood or are metabolized. This
helps the body keep the right balance of each one
in the blood.1
Blood Pressure Control
Kidneys control levels of water and electrolytes
in the blood. Electrolytes are substances that form
ions (charged particles). Ions conduct electricity
when they dissolve in water. Blood has a number
of electrolytes—like sodium—and the kidneys
keep them in balance. This balance helps control
blood pressure.
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Hormones
Hormones are the body’s way of sending a message
from one organ to another.2 Making hormones
is an endocrine function of the kidneys (see
Figure 5). The kidneys make:
Erythropoietin, which tells the bone
marrow to make red blood cells
Calcitriol (active vitamin D), which lets
the gut absorb calcium from food
Erythropoietin
acts on cells in
the bone marrow
to stimulate
red blood cell
production
The kidneys
convert vitamin
D into its active
form, calcitriol
Types of Kidney
Disease
Acute Kidney Failure
Acute kidney failure is a sudden loss of kidney
function. It is most often due to an illness,
injury, or toxin, and may last for days, weeks, or
months. More than half of people with acute
kidney failure die.3 Some get better with intensive care and dialysis. But, they are at a higher
risk for chronic kidney disease down the road.4
Chronic Kidney
Disease (CKD)
Kidneys have so many nephrons that people can
stay healthy with fewer than half of them working. CKD is a long, slow process of nephron loss.
People may not notice early symptoms of CKD.
Or, they may have some or all of the signs of
uremia (toxins in the blood) that we will talk
about in a later section.
It can take months or years for CKD to cause
kidney failure. Many people with CKD also have
heart problems. Most die of other causes, like
heart disease, before their kidneys fail.5
Routine medical exams with a urine test and
blood pressure check are good screening tools for
CKD. A blood test for creatinine (a waste product healthy kidneys remove) may find CKD early,
when treatment to slow CKD will work best.
People with CKD can help slow the loss of
kidney function if they:6
Figure 5: Hormones made by the kidneys
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eep their blood sugar in the target range
K
Keep their blood pressure in the
target range
Avoid pain pills called NSAIDS
(non-steroidal anti-inflammatories,
like naproxen and ibuprofen)
Quit smoking, if they smoke
Ask the doctor to take steps to protect their
kidneys if they need X-ray dye tests
M o d u l e
The National Kidney Foundation (NKF) lists five
stages of CKD based on the glomerular filtration
rate (GFR), or amount of filtration going on in
the kidneys (see Table 1). Stage 5 CKD is the
most severe level. Doctors can use a formula to
estimate GFR from blood test results.
Newer research suggests that dialysis or a kidney
transplant are needed when the GFR is less than
about 10.7-12
Table 1: Stages of CKD6
Stage
Glomerular
Filtration Rate
(GFR)
(mL/min/1.73m2)
Description
&gt;90
Kidney damage with normal or
higher GFR. The patient may have
no symptoms.
60–89
Kidney damage with mild drop in
GFR. May have no symptoms, or
may have anemia and changes
in blood pressure, and calcium
and phosphorus levels.
30–59
Somewhat lower GFR. Patients
may notice symptoms like
fatigue, anemia, swelling,
high blood pressure.
4
15–29
Severe drop in GFR. Symptoms
are present in most patients. This
is a time to get ready for dialysis
and/or transplant.
5
&lt;15
1
2
3
2
Diabetes
There are two main types of diabetes, and both
can harm the kidneys:
I n type 1, the immune system kills the cells
in the pancreas that make insulin
In type 2, the pancreas does not make
enough insulin, or the body can’t use what it
does make
Type 2 diabetes is the number one cause of kidney
failure in this country. More than 9 out of 10 adult
Americans with diabetes have type 2. From 2005
to 2009, 44.6% of all kidney failure in the US was
due to diabetes—40.3% of it from type 2.13
Diabetes harms the heart, blood vessels, and
nerves. It is the leading cause of blindness and
limb loss—as well as kidney disease (see Figure
6).14 Some ethnic groups—African-Americans,
Hispanics, and Native Americans—are at a higher
risk for type 2 diabetes.15 In a large study of people
at high risk, lifestyle changes, like losing 5% of
body weight and getting 30 minutes of exercise 5
or more days a week, helped prevent diabetes.14
A long-term study found that these changes
reduced the onset of type 2 diabetes by 34%.16
Brain
Cerebrovascular
disease
Eyes
Vision problems
Severe symptoms.
Causes of
Kidney Failure
Gastrointestinal
System
Digestive disorders
Kidneys
Renal failure
Heart
Atherosclerosis — plaque
build-up in blood vessels
can cause heart diease,
hypertension, peripheral
vascular disease, and
reduced cardiac output
Muscular System
Abnormal energy
metabolism
Diabetes, high blood pressure, or glomerular
diseases caused kidney failure in 81.4% of those
who started dialysis from 2005 to 2009.13
Circulatory System
Circulation in lower
limbs can be affected
Skin
Pruritus (itching)
Nervous System
Neuropathy
(nerve damage)
Figure 6: Possible complications of diabetes
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High Blood Pressure
The number two cause of kidney disease in the
US is hypertension (high blood pressure). From
2005 to 2009, 27.8% of those on dialysis had
kidney failure due to high blood pressure.13 High
blood pressure can harm the blood vessels that
lead to the kidneys and the tiny glomeruli.
When the cause of high blood pressure is not
known, it is called primary or essential hypertension. This is treated with diet, salt limits, exercise,
and medication. Secondary hypertension is high
blood pressure that is caused by another health
problem or a response to a drug. Surgery can fix
some problems, like a birth defect in the aorta
(large artery leaving the heart), or narrowing of
the renal artery that brings blood to the kidneys.17
There are two reasons people with high blood
pressure may have kidney problems, even though
it can be treated:
igh blood pressure may have no symptoms.
H
People who do not know they have high
blood pressure don’t get treatment.
Some people know they have high blood
pressure, but don’t take their medications
due to cost or side effects.
Glomerular Diseases
Diseases of the glomeruli include illnesses like:
Glomerulonephritis
(inflammation of the glomeruli)
Glomerulosclerosis
(hardening of the glomeruli)
These illnesses may have a slow or a fast onset.
About 9% of people with kidney failure from
2005 to 2009 had glomerular diseases.13
Polycystic Kidney
Disease (PKD)
PKD is a genetic disease. It causes fluid-filled cysts
that can grow in the kidneys (and sometimes in the
liver). Kidney cysts can crowd out healthy tissue, so
the kidneys may fail.18 If PKD affects the brain, it
can cause aneurysms (bulging blood vessels that can
burst). From 2005 to 2009, 3.2% of those whose
kidneys failed had cystic disorders.13
Other Causes of CKD
There are many other, less common causes of
kidney failure, too:13
irth defects
B
Frequent or large kidney stones
Systemic lupus erythematosus (SLE)
Use of street drugs
Kidney infections
Cancer
HIV/AIDS
Sickle cell disease
In some cases, the cause of CKD is not known.13
No matter what made the kidneys fail, the
treatment options are the same.
Problems Caused
by Kidney Failure
Now you know that the kidneys have a number
of complex jobs in the body. As they start to fail,
they stop doing these vital tasks (see Figure 7).
Kidney failure affects most body systems.
Uremia
People whose kidneys are failing have uremia
(a build-up of wastes in the blood). A history and a
physical exam can diagnose kidney disease and uremia. Symptoms of uremia can come on so slowly
that patients may not notice them. Or, patients
may have symptoms but not know it, because they
don’t know what to look for (see Table 2).19
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Table 2: Uremia symptoms and causes
Uremia Symptom1
Why it Happens
Edema (swelling) in the feet, hands, and face
Failing kidneys remove less water,
so more water stays in the body.
Trouble breathing
Excess water can build up in the lungs.
Making more or less urine; getting up at night to
urinate (nocturia)
Kidneys try to compensate as they fail. They make
more urine at night (or when someone is lying down).
Foamy or bubbly urine
Protein leaks out into the urine.
Severe itching
Irritating crystals of calcium phosphate can lodge
in the tissues when blood levels of these minerals
are too high.
Ammonia breath, metal taste, nausea, avoidance
of protein foods
Wastes build up in the blood.
Yellow skin tone
Wastes build up in the blood.
Sleep or sexual problems
Wastes build up in the blood.
Pain around the kidneys
Swelling, infection, burst cyst(s) with PKD.
Your Role in Uremia
Management
Patient may have:
• Loss of visual acuity
• Numbness, burning, or tingling
in hands or feet
• Muscle weakness and pain
• Impotence
• Constipation or diarrhea
• Fatigue
Dialysis can help many of these symptoms.
But, standard in-center hemodialysis replaces
only about 12–15% of normal kidney function. This is about the same amount of
function as stage 5 CKD. So, patients may
have uremic symptoms if they do not get
enough treatment. You can help if you:
Medical complications:
• Atherosclerosis
• Skin changes
• Eye changes
• Kidney damage
• Peripheral vascular disease
Learn the symptoms of uremia
Ask patients if they have these
symptoms (they may not know
what to look for)
Report symptoms to the nurse
so the patient’s treatment can be
assessed
Figure 7: Complications of CKD
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Anemia
Healthy kidneys make a hormone called erythropoietin (EPO). EPO tells the bone marrow to make
red blood cells. As the kidneys fail, they make less
EPO. This leads to anemia—a shortage of red
blood cells (see Figure 8). Red blood cells get their
color from a protein called hemoglobin (Hgb). Hgb
carries oxygen to all the cells in the body. With
fewer red blood cells, not enough oxygen reaches
the tissues. This causes symptoms like:
atigue
F
Weakness
Feeling cold all the time
Mental confusion
Pale skin, gums, and fingernail beds
Anemia in CKD has also been linked with a
problem in which the heart’s main pumping
chamber—the left ventricle—grows too large.
This is called left ventricular hypertrophy (LVH).
LVH can cause heart failure, a leading cause of
death in people with kidney failure.20
In the early days of dialysis, most people had
severe anemia. They needed frequent, costly
blood transfusions that made it hard to get a
transplant.21 Today, anemia is treated with
medications.
Good anemia care takes a team. Your center may
have an Anemia Management Plan. A nurse
or dietitian may be the Anemia Manager. He
or she follows the plan, looks at trends in Hgb
levels, and works with each patient and his or her
doctor. Ask who the Anemia Manager is in your
clinic. You can work with him or her to help
ensure that your patients get good anemia care.
Red blood cells
A normal red blood cell count
Figure 8: Anemia
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Kidney failure can cause anemia
Your Role in Anemia
Management
inse back as much of the patient’s
R
blood as you can at each treatment.
Tell the nurse about any unusual bleeding. Blood loss makes anemia worse.
Tell the nurse if the patient has an
infection. Inflammation in the body
can cause resistance to EPO, so the dose
has to be much higher.
Use pediatric (child-sized) blood tubes
for blood tests, if the lab will take them.
If your clinic reuses dialyzers, tell the
nurse if a dialyzer does not pass the test.
Urge your patients to come for each
treatment and stay for the full time.
Secondary
Hyperparathyroidism
(HPTH)
Secondary HPTH occurs when the parathyroid
glands in the neck make too much parathyroid
hormone (PTH) (see Figure 9). Why does this
happen?
ealthy kidneys make a hormone called
H
calcitriol (active vitamin D).22
Calcitriol lets the gut absorb calcium
from food.
Failing kidneys make less calcitriol.
The gut absorbs less calcium, so there is less
calcium in the blood.
A drop in blood calcium tells the
parathyroid glands to release PTH.
PTH steals calcium out of the bones to keep
the blood levels in balance.
Since there is still no calcitriol, the glands
keep sending out PTH.
In time, the glands grow so large they can’t
shut off. This is the cycle of secondary
hyperparathyroidism.
M o d u l e
High PTH levels cause bone disease, called renal
osteodystrophy, and other problems. Patients with
renal osteodystrophy may not have symptoms.
Or, they may complain of:
J oint pain
Bone pain
Muscle pain and/or weakness that causes
trouble walking
Problems with bone mineral balance may be
linked with calcium deposits on the heart and
blood vessels.23 These raise the risk that a patient
will have a heart attack or a stroke. People on
dialysis take medications to treat secondary
HPTH.
Your Role in Secondary HPTH
Management
isten to your patients and report all
L
of their symptoms to the nurse.
Reinforce what the doctor, nurses,
and dietitians teach patients.
rge patients to take their medications
U
as prescribed and follow their meal plans.
2
Pruritus (Itching)
Severe and constant itching is common in people
with kidney failure. Daily itching may affect as
many as 84% of patients, and tends to affect both
sides of the body in the same spots.24 Itching
can disrupt sleep and reduce patients’ quality of
life—which can raise their risk of hospital stays
and death.25
Treating secondary HPTH may help if the
itching is due to this problem. Or, itching may
get better after surgery to remove the parathyroid
glands.
Itching with hives (raised welts) that only happens during dialysis may be due to an allergy.
Contact dermatitis is an allergy to something that
touches the skin. The culprit might be a laundry
soap or bleach used to clean the treatment chairs.
Allergies to drugs (e.g., pork or beef heparin) or
chemicals used to sterilize a new dialyzer can also
cause hives during a treatment.
Your Role in Pruritus
Management
sk the nurse if oatmeal baths or
A
Aveeno&reg; soap are a good choice.
Ask the nurse and dietitian if you
should urge the patient to take
phosphate binders.
Urge patients to come for each
treatment and stay the whole time.
Parathyroid glands
Thyroid gland
Figure 9: Parathyroid glands
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Pericarditis
Amyloidosis
Patients with kidney failure may develop
pericarditis (a painful swelling of the sac around
the heart). In people with CKD, pericarditis is
most often due to poor dialysis or a virus.26
It may lead to:
Amyloidosis occurs when a waxy protein builds up
in patients’ soft tissues, bones, and joints. The
protein, beta-2-microglobulin (β2M) belongs on
cells and in body fluids. Healthy kidneys remove
any excess. When the kidneys fail, β2M levels
start to rise. The protein enters tissues where it
does not belong, and turns into amyloid.27 This
problem can cause:
onstant pain in the center of the chest that
C
may spread out to other places. The pain
may be sharp and stabbing. It is often worse
when lying down and better when sitting
up, but patients may not have symptoms.
People on dialysis are less likely to have pain
due to pericarditis than others.26
Fever
Dry cough
Fatigue
Low blood pressure
Irregular heartbeat
A sound called a “pericardial friction rub” heard
through a stethoscope can help find the problem.
Treatment includes good dialysis, pain pills, antiinflammatory drugs, and antibiotics. In some
cases, the sac can squeeze the heart so it can’t
work as well. Surgery may be done to reduce
pressure so the heart can work.
Your Role in Pericarditis
Management
eport any and all complaints of
R
chest pain to the nurse right away.
If a patient has chest pain before
dialysis, do not start the treatment
until the nurse has seen the patient.
If a patient starts to have chest pain
during a treatment, tell the nurse
right away.
Be sure patients receive their full
treatments.
28
arpal tunnel syndrome (painful compression
C
of a key nerve in the wrist)
Joint pain
Bone cysts and fractures
On X-ray, amyloid is found in about:28
2 0% of patients after 10 years of
hemodialysis
30–50% after 15 years
80–100% after 20 years or more
Synthetic dialyzer membranes remove more β2M
than membranes made of cellulose. Longer and/
or more frequent hemodialysis (HD) treatments
also remove more β2M.29
Neuropathy
(Nerve Damage)
Over time, some patients—especially those with
diabetes—may develop nerve damage in the
hands and feet (peripheral neuropathy).
Symptoms may include:
urning of the hands and feet
B
A “pins and needles” feeling
Muscle weakness
Erectile dysfunction in men
Trouble walking
The cause of the nerve damage is not known, but
wastes that are not removed well by dialysis may be
the problem.30 Nerve damage occurs most often
when the GFR falls below 12 mL/min.31 Studies
have found that taking vitamin B6 helped ease nerve
pain in people on dialysis.32-33 Patients should only
take vitamins that their doctors prescribe for them.
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Sleeping Problems
Trouble falling or staying asleep is common in
people with kidney failure. Sleep apnea (brief periods of not breathing) is also more common. The
sleep problems start during CKD, and the reasons
for them are not clear. Sleep problems may be
worse if patients sleep during a daytime treatment.
Small studies have found that nocturnal
hemodialysis (done during sleep at home or
in a clinic) may help sleep by:
aking the throat less narrow so breathing
M
is easier34
Bringing back the normal rhythm of
melatonin, a sleep hormone35
Bleeding Problems
Bleeding problems in people with CKD can be
due to changes in the blood itself. Signs include
easy bruising, gastrointestinal (GI) bleeding,
blood in the stool, and nosebleeds.36
Your Role in Bleeding
Problem Management
sk patients if they have any bleeding
A
between treatments—if yes, tell the
nurse.
If you are allowed in your state to
give heparin, always be sure the
dose is right.
If bleeding occurs, ask the nurse how
the heparin dose should be changed.
Tell the nurse if there is a lot of clotting
in a patient’s dialyzer.
Electrolyte Imbalances
Electrolytes are substances that carry an electrical
current—like a nerve signal. They are found in
body fluids and cells. Healthy kidneys keep electrolytes in balance, and this balance is disturbed
in CKD. When the blood level of an electrolyte
is too high (hyper) or too low (hypo), the effects
can harm—or even kill—your patients.
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Sodium (Na+)
Sodium is an electrolyte that helps keep body
water in balance. It also helps send nerve signals.
Hypernatremia is too much sodium in the
blood. Symptoms can include intense thirst,
flushed skin, fever, seizures, and death.
Hyponatremia is not enough sodium in
the blood. This occurs most often if the
dialysate was not tested. Symptoms can
include low blood pressure, muscle cramps,
restlessness, anxiety, access pain, headache,
and nausea.
Potassium (K+)
Potassium helps control nerves and muscles,
including the heart. It also helps keep the body’s
water balance and helps the body use glucose.
Hyperkalemia is too much potassium in the
blood. With dialysis, a common cause is
eating too many high-potassium foods.
Other causes include bleeding, trauma,
hemolysis (breakdown of red blood cells),
and missed treatments. Hyperkalemia
can change the heart rhythm, which can
be deadly. Symptoms may include weak
muscles, belly cramps, and skipped heart
beats—or the heart may just stop.
Hypokalemia is not enough potassium in
the blood. This is rare in people on dialysis.
It can occur if the patient throws up, has
diarrhea, does not eat enough foods with
potassium, or dialysis removes too much.
Hypokalemia can cause fatigue, weak
muscles, and changes in heart rhythms.
Calcium (Ca++)
Calcium is mainly found in the bones and teeth.
The body needs calcium in the blood and body
fluids at all times to control blood clotting,
enzymes, hormones, nerves, and muscles.
Hypercalcemia is too much calcium in the
blood. Most often this is due to high doses
of vitamin D or calcium. Symptoms include
vomiting, weakness, confusion, and coma.
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Hypocalcemia is not enough calcium in the
blood. This can occur when the gut can’t
absorb calcium. Or, if phosphorus levels are
too high, calcium and phosphorus bond,
so blood calcium levels drop. Symptoms
include numbness, seizures, and tetany
(tremors, facial twitches, muscle spasms, and
muscle pain).
Your Role in Electrolyte
Management
ater system checks are vital! Never
W
start any treatments until the water
system check is done.
Double check that the right dialysate is
given to each patient.
If you mix dialysate, double check with
another staff person to be sure it’s right.
Urge patients to follow their prescribed
meal plans and fluid limits.
Report all symptoms to the nurse.
Phosphorus (P)
Like calcium, phosphorus is mainly found in the
bones and teeth. It also plays a vital role in the
body’s use of energy.
Hyperphosphatemia is too much phosphorus
in the blood. Failed kidneys can’t remove
phosphorus. Standard in-center HD does
not remove much phosphorus either, so
it can build up in the blood. In the short
term, the patient may have severe itching if
blood levels of phosphorus are high. In the
long term, bone disease can develop. If both
calcium and phosphorus blood levels are high
at the same time, the two minerals can bond
together. Sharp calcium phosphate crystals
may form in the skin, eyes, lungs, heart, and
joints, and can block blood vessels. Patients
can lose fingers, limbs, or even their lives if
this rare complication, called extraskeletal
calcification, occurs.37 Standard in-center
HD patients must take binders with each
meal and snack. These bind phosphate in
the gut, so less is absorbed. They must limit
phosphorus in what they eat and drink, too.
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ypophosphatemia is not enough phosphoH
rus in the blood. This is rare on dialysis and
can be due to a poor diet or taking too many
binders. Symptoms are often not seen until
phosphorus is &lt;1 mg/dL and may include
muscle weakness, paralysis, and problems
with the function of red blood cells.37
Common Dialysis
Blood Tests
Blood tests are done to assess patients’ health,
find problems, and check how much dialysis
patients are getting. Routine blood tests are
done each week, month, and quarter, or as the
doctor orders.
These lab tests are a vital window into the
patient’s body. They can predict whether patients
will live! In fact, patients in one large study
(13,792 people) were 89% more likely to live if
they met the targets for all six of these blood tests
at the same time:38
Blood Test
Measures
Single-pool Kt/V
the dose of dialysis
Hematocrit
red blood cells
Serum albumin
protein in the blood
Calcium
bone mineral balance
Phosphorus
bone mineral balance
PTH
parathyroid hormone
level
Table 3 lists common blood tests. When you
know why these tests are done and what “normal”
is, you can support the care team’s patient teaching and answer patients’ questions. (See Module
6: Hemodialysis Procedures and Complications for a
section on how to draw and process blood tests.)
M o d u l e
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Table 3: Common blood tests performed on people with CKD
Blood Test
How Often
Target Value (varies with lab)
What the Test Means
Albumin
Monthly
General: 3.6–5.0 g/dL
Albumin is a protein that helps keep body fluids in balance. Low
levels mean malnutrition, which raises the risk of death for those
on dialysis.
Dialysis: &gt;4.0 g/dL39
Blood cultures
When needed
Negative, or no growth
Many types of bacteria cause infections. Sepsis, a blood infection, is severe and often fatal. A blood culture names the bacteria so the doctor can choose the right antibiotic.
Blood urea
nitrogen (BUN)
Monthly
General: 5–25 mg/dL
Pre-dialysis and
post-dialysis
Dialysis: 60–80 mg/dL40
Urea is a protein waste that is easy and cheap to measure. BUN
levels are used to estimate the amount of other wastes in the
blood. BUN levels are drawn before and after a treatment to
help measure dialysis dose. High levels might mean not enough
dialysis. Low levels may mean the kidneys work a little—or the
patient is not eating enough protein.
Monthly
General: 8.5–10.22 mg/dL
Calcium (Ca++)
Dialysis: 8.4–9.5 mg/dL41 or
within normal limits for the
general public42
Ca++ is an electrolyte needed to form bones and help the
muscles move. Precise levels must be in the blood at all times.
If levels are too high or too low, the patient’s diet or dialysate
may need to change.
Complete
blood count
(CBC)
Monthly
Depends on cell measured
Creatinine
Monthly
General male: 0.5–1.5 mg/dL Creatinine is a waste that forms each time we move our
muscles. Healthy kidneys or dialysis remove it from the blood.
General female:
A large, strong patient will have a higher level than a small, frail
0.5–1.3 mg/dL
one. Changing levels mean a change in either muscle mass or
dialysis dose.
Dialysis: 2–15 mg/dL, based
on muscle mass, GFR,
and/or dialysis clearance40
Serum ferritin
Monthly while
checking EPO
dose to reach
target Hgb range.
At least every 3
months in patients
with stable EPO
dose or those not
on EPO.
Dialysis target: &gt;200 ng/mL43
Ferritin is the main iron storage protein in the body. Levels are
low when patients have iron deficiency anemia. High levels may
be due to hemochromatosis (a common genetic disorder that
causes iron to build up in the body),44 high iron intake, blood
transfusions, chronic inflammation, certain anemias, or cancer.
Glucose
Monthly
General: 65–110 mg/dL
(fasting)
Glucose is blood sugar. Hypoglycemia is low blood
sugar. Causes of hypoglycemia include a pancreas tumor,
cancer, poor liver function, Addison’s disease, or too much
insulin in people with diabetes. Hyperglycemia is high blood
sugar. This is mainly found in people with diabetes.
CBC is a basic screening test. It includes white and red blood
cell counts, differential white cell count, hematocrit, hemoglobin,
and platelets. A CBC shows immune cell function, anemia,
infection or inflammation, and more.
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Table 3: Common blood tests performed on people with CKD (continued)
Blood Test
How Often
Target Value (varies with lab)
What the Test Means
Hemoglobin
(Hgb)
Every 1–2 weeks
General male: 14–18 g/dL
Every 2–4 weeks
when a stable Hgb
level is achieved
General female: 12–16 g/dL
Hgb is the pigment that colors red blood cells and carries
oxygen. Low levels occur in anemia, bleeding, and when red
blood cells burst. High levels occur when someone is dehydrated,
has chronic lung disease, or has received too much EPO.
1. Hepatitis B
core antibody
(HBcAb)
Twice a year
General: Negative
HBcAb is a test for exposure to hepatitis B. If it is positive,
the person has been exposed.
2. Hepatitis B
surface antibody (HBsAb)
Twice a year
General: Negative
Immunized: Positive
HBsAb is a test to see if someone is immune to hepatitis B
(due to a vaccine or prior infection).
3. Hepatitis B
surface antigen (HBsAg)
Monthly (unless
antibody positive)
General: Negative
HBsAg is a test that shows if someone is infected
with hepatitis B. Positive patients are contagious
and must be isolated.
Hepatitis C
Virus HCV Antibody (anti-HCV)
Once a year
General: Negative
Anti-HCV is a test that shows infection with the hepatitis C virus.
Someone who tests positive may be able to spread the virus.
Magnesium
(Mg++)
Monthly
General adult: 1.7–2.5 mg/dL Mg++ is an electrolyte found in tissues, muscles, and bones. It
helps break down protein and carbohydrates. Mg++ is found in
some foods and drugs. Malnourished patients may have low
levels. Those who use antacids or laxatives that contain Mg++
may have high levels.
Plasma intact
parathyroid
hormone (PTH)
Every 3 months
General: 10–65 pg/mL
Target for dialysis:
10–12 g/dL45
Hepatitis B
PTH levels rise as calcitriol and serum calcium levels fall.
Dialysis:
(KDIGO): roughly 100–500
pg/mL42
(KDOQI): 150–300 pg/mL46
Phosphorus (P)
Monthly
General population adult:
2.5–4.5 mg/dL
Dialysis:
(KDOQI): 3.5–5.5 mg/dL47
Potassium (K+)
Monthly
General population: 3.5–5
mEq/L
Dialysis: 3.5–6 mEq/L40
P is needed for energy transfer and to form bone. High levels
can mean that the patient is eating too many foods with
phosphorus, not taking binders, or not getting enough dialysis.
Low levels are very rare in people on dialysis.
K+ is an electrolyte that helps nerves to signal muscles. High
or low levels can cause heart rhythm problems, heart failure,
and death.
Sodium (Na+)
Monthly
General population:
135–146 mEq/L
Na+ is an electrolyte. It helps keep body fluid in balance and
send nerve signals. Most patients can keep normal levels if they
follow their sodium and water limits.
Transferrin
saturation
(TSAT)
Monthly
General population:
20%–50%
TSAT shows how much iron is in the body to form red blood
cells. Low TSAT levels suggest an iron deficiency (often due
to blood loss) or problems letting iron out of body stores. High
TSAT levels may suggest hemochromatosis, a genetic disorder
that causes iron build-up in the body.44
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KDOQI target for dialysis:
20–50%43
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Treatment Options
If the kidneys fail, dialysis or a kidney transplant
can sustain life—sometimes for decades. In acute
kidney failure, HD is used nearly all the time.
But, when the kidneys fail due to CKD, people
have choices. In fact, Medicare rules as of 2008
require that patients be told about all of the treatment options—and where to find them if a clinic
does not offer them.48
Treatment for kidney failure affects all aspects of
life. For patients to feel their best and live as fully
as they can, they need to choose a treatment that
is a good fit for how they want to live:
ach year, half of all people who start dialysis
E
are working age. Work pays much more
than disability does. It lets people keep their
self-esteem. And, a work health plan can
help pay for treatment. To keep a job, patients need a treatment that is work-friendly.
A work-friendly option might be done at
night, so days are free. Or, it might be portable, so they can do treatments at work.
If patients have children or elders at home
to care for, their lives might work better if
they do their treatments at home, too.
If they love to eat and drink, they may feel
better with a treatment that gives them
fewer limits.
If they love to travel, a treatment they can
take with them might work best.
If they want to have children, a transplant
or much more dialysis can help.
In the US in 2009, 91.7% of those on dialysis
used just one treatment: standard in-center HD,
3 days a week for 3–4 hours.13 It is not likely that
this option is a good fit for all of these patients.
Instead, many were never told about other options.49 Yet, when nephrologists were asked which
type of dialysis they would choose if their own
kidneys failed, just 6% said they would do
standard in-center HD.50
2
Patients may ask you about their options. If a patient wants to change treatments, suggest that he
or she speak to the home training nurse or doctor.
In most of the modules of this Core Curriculum,
we only cover in-center HD (standard and at
night), because you are most likely to work
with these patients. Below, we cover all of the
options for kidney failure, so you can help answer
patients’ questions.
Transplant
A kidney transplant gives a patient one healthy
kidney from a donor (see Figure 10). Lifestyle
with a transplant can be close to normal. People
of all ages who have kidney failure can get a transplant; being older by itself is not a reason that
someone can’t have one. Each transplant center
has its own rules for who is eligible. Patients who
would like a transplant must go through a large
number of tests to make sure they are healthy
enough.
There are three options for a kidney transplant:51
1. A kidney from a blood relative (living related
donor)
2. A kidney from a non-blood relative, spouse,
or friend (living non-related donor)
3. A deceased donor kidney (from someone
who has died) from the national transplant
list. Getting on the list is not automatic. A
patient who wants a kidney must talk to his
or her doctor to get on the list. The United
Network for Organ Sharing (UNOS) keeps
the national transplant list.
People in good health can volunteer to donate
a kidney. They can live normal lives with just
one. They must have blood tests to see if their
blood and tissue type match the patient’s. If
they match, they will be tested to see if they are
suited—physically and emotionally—to donate a
kidney.
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A transplant does not cure kidney failure; it is a
treatment. A transplant may not work at all, or
it may last 5, 10, 20, or more years. About 92%
of deceased donor kidneys work one year later,
about 71% still work 5 years later, and about
45% still work 10 years later.52 The main risk for
a transplant is rejection—the patient’s immune
system sees the transplant as “foreign” and attacks
it. Immunosuppressant drugs try to keep the immune system off the attack. These costly drugs
have side effects that may include:
eight gain
W
High blood pressure
Infection
Diabetes
Cancer
All of these side effects can be managed. Transplant patients may still have a special diet, but
with many fewer limits than for those on standard in-center hemodialysis.
Each year in the US, more than 100,000 people
reach kidney failure and more than 15,000 have
transplants.13 There are not enough deceased
donor organs to go around. People who want
one may have to wait a few years. Patients go on
dialysis while they wait. If a transplant fails, they
can go on dialysis again.
Location of
patient’s kidney
Iliac artery
Location of
transplanted kidney
Ureter
Bladder
Figure 10: Location of transplanted kidneys
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New transplant techniques may help shorten
the wait:
ABO (blood type) incompatible transplants
let patients get a kidney from a donor with
a blood type that does not match. The
patient’s immune system is suppressed with
drugs before and after the transplant to make
this work.53
Kidneys from older donors (expanded criteria
donors, or ECD) are now used. An older
patient can opt to receive an older kidney, which may mean a shorter wait time.
Patients who get ECD kidneys can have outcomes that are about the same as for other
types of transplants.54
A donor exchange can help when two or more
patients each have someone who is willing
to donate a kidney—but is not a match for
them. Each donor gives a kidney to a
different patient who is a match.55 These
types of kidney “swaps” may include more
than a dozen people.
Dialysis
Dialysis removes some of the wastes and fluid that
build up when the kidneys fail. It is a way to
replace some—but not all—kidney function.
Table 4 compares dialysis to normal kidney
function.
The goal of dialysis is to help keep people with
kidney failure feeling as well as they can.
Dialysis can’t fully clean the blood, but the
human body can adjust, to some degree.
A well-dialyzed patient will have:
A good fluid balance in the blood—not too
much or too little
Blood pressure that is near normal with few
(or no) medications needed
Blood tests in the target range for dialysis
A healthy heart, blood vessels, bones, and
joints
Enough energy to work, pursue hobbies,
and enjoy life
A good appetite and good sleep
M o d u l e
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Table 4: Normal kidney function compared to dialysis
Normal kidney
Dialysis
Removes all excess fluid each day
Removes some fluid on treatment days
Removes all waste products each day
Removes some wastes on treatment days
Controls electrolyte and acid/base balance
Helps restore electrolyte and acid/base balance
Fully controls blood pressure by keeping fluid and
sodium in balance
Helps control blood pressure by removing fluid and
balancing sodium on treatment days
Makes erythropoietin, which tells the bone marrow
to make red blood cells
Can’t make erythropoietin, so EPO is given by injection
Controls calcium/phosphorus balance each day
Can change serum calcium levels somewhat on
treatment days by adjusting calcium in dialysate
Can remove some phosphorus, but not as well as
healthy kidneys
Activates vitamin D
It is very normal for patients to have some days
when they feel sorry for themselves. But people
who get good dialysis can have good coping skills
and be as happy as anyone else.
Patients’ treatments should be comfortable and
leave them feeling well. They should not have
painful muscle cramps or low blood pressure.
They should have few, if any, problems, and no
treatment-related accidents.
Cannot activate vitamin D, so active vitamin D is given
by mouth or injection
PD uses the patient’s own peritoneum, which lines
the inside of the abdomen, to clean the blood.
This lining is full of capillary blood vessels that
act as tiny filters. Those who choose PD have a
plastic catheter placed in the belly by a surgeon
(See Figure 11). A chest wall (presternal) catheter
may also be used, which can reduce the chance of
infection.57
PD is a daily self-care treatment patients can do
alone, at home or at work, after just a week or
two of training by a nurse.
A nurse teaches the patient how to use the PD
catheter to fill the belly with sterile dialysate.
Wastes and water from the blood slowly shift into
the dialysate. After the dialysate “dwells” in the
belly for a few hours, the patient drains it out
and fills up with fresh dialysate in a sterile process
called an exchange.
D lets patients fit their treatment into
P
their lives—not fit their lives into a center’s
schedule.
PD is work-friendly. It is flexible and
portable.
PD allows a more normal diet with fewer
fluid limits than in-center HD.
People who do PD may not feel like
they are “sick.”56
The most common problem for those on PD is a
painful infection called peritonitis. Infection can
scar the peritoneum, so PD may no longer be
possible. Patients can prevent peritonitis if they
wash their hands, wear a mask, and follow the
exchange steps just as they are taught. Infections
of the PD catheter can also occur. Patients who
want to do PD must have space in their homes to
store enough fluid bags for a month.
Peritoneal Dialysis (PD)
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Most people on PD have at least a little bit of
kidney function, which adds to the removal of
water and wastes from the blood. Over time,
this residual (remaining) function may slow down
or end. The peritoneum can also lose some or
all of its ability to filter, so PD can become less
efficient. Patients who use PD must have tests
done to be sure they are getting enough treatment.58 There are two ways to do PD: CAPD
and CCPD/APD.
The peritoneal cavity is filled
with dialysate, using gravity.
At the end of the exchange, the dialysate is
drained into the bag, again using gravity.
Figure 12: Patient doing CAPD exchange
Peritoneal catheter
Figure 11: Peritoneal catheter
CAPD
Continuous ambulatory (walking around) PD
(CAPD) means the patient does PD exchanges
by hand (see Figure 12). Each takes about 30
minutes. The patient must wash his or her hands,
control airflow to the room, wear a mask, and use
aseptic technique to avoid infection. Pets must
be kept out of the room during an exchange.
Because the belly is always full of dialysate, treatment goes on all the time.
According to the latest figures from the United
States Renal Data System (USRDS), about 2.4%
of people with kidney failure in the US were using CAPD in 2009.13 Nearly anyone can learn
how. Dialysis centers train patients and monitor
their care.
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CCPD/APD
Continuous cycling PD (CCPD) or automated
PD (APD) uses a cycler machine at night (see
Figure 13). This way, a patient can do PD exchanges for 8–10 hours while he or she sleeps, so
days are free for work or other tasks. Some use a
cycler and also do one or two daytime exchanges
by hand to get more treatment. Per the USRDS,
about 4.5% of US patients were using CCPD in
2009, and this number has been growing.13
Figure 13: CCPD cyclers
Drawings adapted with permission from Baxter Healthcare
and Fresenius Medical Care – North America, respectively
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Hemodialysis (HD)
Hemodialysis is the most common treatment for kidney failure. It is done in homes,
centers, and hospitals all over the world. To
do HD, blood is pumped out of the patient’s
body, through a filter called a dialyzer, then
back into the patient (see Figure 14).
How You Can Help Your Patients
Choose a Treatment Option
The dialyzer is packed with thousands of
hollow fibers, each as thin as a hair. During
a treatment, the patient’s blood flows
through the inside of the fibers. Dialysate
bathes the outside of the fibers. Wastes and
water pass through pores in the fibers, into
the dialysate, and down the drain. Only
about half a cup of blood is outside of the
patient’s body at a time.
Do:
How does blood get to the dialyzer? The
patient needs a vascular access—a way to get
blood out of the body. There are three types
of access:
1. For the best type of access, a surgeon
links a patient’s own artery and vein
together under the skin of the arm.
This is called a fistula.
2. A graft is the next best type. It links
an artery and vein with a piece of
man-made vessel.
3. An HD catheter is the poorest choice.
This plastic tube placed in a central vein
has a high rate of infection and poor
blood flow rates.
To do hemodialysis, two needles are placed
in a fistula or graft and each is connected to a
bloodline that takes the patient’s blood to or
from the dialyzer. Or, the lines are connected to an HD catheter, with no needles used.
See Module 5: Vascular Access, to learn more.
2
Most patients don’t know how their treatment will affect
their lives—or that they can change treatments if they are
not happy with their first choice. Here are some tips for
what to do and what not to do.
atch for “teachable moments.” A patient may
W
complain about the meal plan, fluid limits, meds, etc.
Use this as a chance to point out other options that
would give them fewer limits.
Assure patients that if they choose a home treatment,
a nurse will train them and give them 24/7 support.
No one goes home until the patient and the training
nurse are all confident that the patient can succeed.
(NOTE: It’s best if a patient does as much as possible
of a home treatment, rather than placing the whole
burden on a partner.)
Help patients match treatment options to what they
want to do. Patients who want to travel may want a
transplant. Those who want to keep their jobs may do
well with a transplant, in-center nocturnal HD, or a
work-friendly home treatment.
Help patients solve problems. Patients who gain too
much fluid, live far from the center, or have children
or elders to care for may do better at home than in
the center.
Teach patients how to put in their own needles
(per your clinic policy).
Suggest that patients talk with others who have had
transplants or do home treatments to learn more about
what to expect.
Learn more about home options on the Home
Dialysis Central website: www.homedialysis.org.
Don’t:
S care patients away from home treatments. You would
want to know all of the options in an unbiased way if
you or your loved one had kidney disease. Your patients
want to know, too.
ive out wrong information. If you are not sure of an
G
answer, say, “That’s a great question. Let me find out
for you.” Ask the nurse.
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Standard In-Center HD
Nocturnal In-Center HD
The vast majority of HD in the U.S. today is
done in a center (“in-center”). Standard treatments are about 4 hours long, 3 times a week.
Treatments are set up for the same time of day on
a Monday, Wednesday, and Friday or a Tuesday,
Thursday, and Saturday. Leading doctors now say
that standard HD treatments should be at least
4 hours long.59 A study was done of more than
22,000 HD patients from seven countries. The
researchers found that when treatments were at
least 4 hours long, patients were 30% less likely
to die than if the treatments were shorter. Each
extra 30 minutes of HD further reduced the
chance of death by 7%.60
As of 2011, about 232 of the 5,400 or so centers
across the country offer HD at night.63 Patients
come to the clinic after the day shifts end, often
from 8–9:00 pm, 3 nights a week. Staff do the
treatments for 7–8 hours while patients sleep.
The 3-day-a-week schedule is cause for concern,
as well. Two days in a row with no treatment is
hard on the heart. People who do PD have an
equal chance to die on any day of the week. But
those who do standard HD are 50% more likely
to die of sudden heart failure on a Monday or
Tuesday—after the 2-day, no-treatment weekend.61 And, in the last 12 hours of the no treatment weekend, the risk of death triples.62
Some patients feel safer getting treatment in a
center with nurses and techs there to help. They
like the chance to meet others who need dialysis, and may make friends at the center. Doing
treatments in the center means the home is free of
medical supplies, too. And, no partner is needed.
With in-center nocturnal:
Patients get twice as much HD as with
standard treatments. So, they can have fewer
limits on what they eat and drink, and may
not need as many medications.
Fluid removal is slow and gentle. Cramps
are rare, and the treatments are easy on the
heart. One study of 655 patients who did
this treatment found they were less likely
to be in the hospital than those who did
standard HD.64
Longer HD removes much more β2M, the
protein that causes amyloidosis.65
The treatments are work-friendly. Patients
have their days free.
Those who do not have a partner for home
HD or who don’t want an HD machine in
their home may find this option a good fit.
A 2011 study found 72% better survival for
people who did nighttime HD treatments
in-center than for those who did standard
HD treatments in-center.66
On the other hand, when a patient starts incenter HD, the center may not have a shift time
that fits his or her life. A time slot that is a better
fit may open up in a few weeks or months—but
this may be too late for a patient to keep a job or
stay in school. Some patients have a hard time
finding a ride to and from the center three times
a week. Those with young children may not be
able to find or pay for child care during school
breaks. Standard in-center HD puts the most
limits on what patients can eat and drink, requires the most medications, and causes the most
symptoms of any treatment option.
GAMBRO
Figure 14: Hemodialysis
Drawing adapted with permission from Gambro&reg;
Gambro and Phoenix are trademarks belonging to the Gambro Group. &copy; Gambro Lundia AB
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Standard Home HD (HHD)
When dialysis first started in the US, 40% of patients were on home HD.67 A small number still
do HHD today on a standard (3 times a week)
schedule. Or, some do treatments every other
day. As of 2011, standard home HD was offered
by more than 850 centers across the country.63
Patients and their partners are trained for a few
weeks in how to:
Put in needles
Order supplies
Run the machine
Take blood samples
Report problems
Take care of emergencies
In effect, they become their own technicians.
Most home patients do well with this self-care
treatment. They are in charge of their day-to-day
care and can choose their own schedule. Their
treatment fits into their lives. Home HD is
work-friendly, so patients may be more likely to
keep their jobs or stay in school.
Patients may do longer treatments so they feel
better and have fewer symptoms. Most centers
that offer home HD want patients to have a
partner who will train with them and be on hand
for treatments. They also need space in their
homes to store the machine and supplies. Some
machines require plumbing or wiring changes
to the home. Not every patient can meet these
requirements.
Short Daily Home HD
Healthy kidneys work 7 days a week, and this is
what the body is used to. Short daily home HD
treatments last about 2.5 to 4 hours, 5 or 6 days
a week. Since the first 2 hours of each HD treatment remove the most small waste molecules,68
the short treatments can work well.
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Short treatments can fit well into family and work
life. They can be done in the morning before
work or during a couple of TV shows at night.
After a year of short daily HD, patients slept better and had less restless legs syndrome.69
In 2011, results of the year long Frequent Hemodialysis Network study came out.70 It compared
125 people randomly assigned to short daily HD
treatments (in-center) to 120 on standard HD.
The study found that those who did short daily
HD:
ad healthier hearts
H
Felt better physically
Had lower blood pressure and
phosphorus levels
A study of 262 people who used short daily HD
found that the more treatment they got, the longer they lived. The best amount of time seemed
to be 15 hours a week.71 The same researchers
found that 415 people who did short daily HD
lived about as long as those who got a deceased
donor transplant.72
Nocturnal Home HD
Patients can learn to do nighttime treatments at
home too. Most often they do HD from 3–7
nights each week for 7–8 hours, while they sleep.
Bedwetting alarms go under the access arm and
the dialyzer. These can detect even a drop of
blood and wake the patient up. Or, some centers,
like those run by the Veteran's Administration,
use the Redsense™ alarm, which was made for
this purpose. (Since blood flow rates for nocturnal HD are quite slow, there is time to deal with
a problem.) The needles and tubing must be
taped well, so they don’t come out or come apart.
In some programs, the machine is linked by a
modem to the center, so a nurse or technician can
follow each treatment.
Short daily home HD is the newest type of treatment in the US—and the fastest growing. In late
2010, nearly 800 centers offered it, up from just
37 centers in 2004.63 New machines built for
patient use are fast and easy to set up and clean
up, and make short treatments more practical.
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Reports on nocturnal home HD in the US and
other countries have been quite positive. Patients
had better protein levels than those on standard
HD and did not need phosphate binders.73
Most had no fluid limits.74 They had fewer
symptoms—less fatigue, cramping, dizziness,
shortness of breath, or feeling cold.75 They felt
more in control and had better physical function.75 They had less heart damage than patients
on standard in-center HD.76
New studies show that people who do nocturnal
home HD live about as long as those who get
deceased donor transplants.77 Patients who live
far from a center or who want to keep their days
free for other things—like working or caring for
small children—may want to think about doing
nocturnal home HD.
Medical Management
Without Dialysis
Without treatment, kidney failure will lead to
death. Death may be a choice that makes sense,
if someone’s health is very poor even with dialysis.
Patients who have other illnesses or are in a lot
of pain may opt not to treat kidney failure in the
first place. Or, they may start treatment and then
stop if they don’t feel better or their quality of
life is poor. Most religions think of this as letting
natural death occur—not as suicide.
When a patient wants to stop treatment, the care
team will make sure that he or she has thought
through the choice and offer support. If a patient
is depressed, counseling, medication, or a switch
to another treatment option may help him or her
see that there is still hope for a good life. Patients
who do choose to end treatment will get comfort
(called palliative) care to treat their symptoms.
Hospice services can help the patient and family.
Having someone stop treatment is difficult. But,
as hard as it may be, helping someone to have a
peaceful death can be rewarding.
The doctor, nurse, or social worker will, at some
point, talk with patients about what treatment
they would want for a health crisis. The talks
include advance directives, which list patients’
40
wishes in case they become too ill to speak for
themselves. These topics are hard to talk about.
But most patients value the chance to discuss
these things and to know that their wishes will be
respected.
HD Care Team
The care team for people who choose in-center
HD includes:
The patient
The patient’s family
A Nephrologist
Nurses
Social workers
Dialysis technicians
Renal dietitians
To get good outcomes for patients, the team must
work together. Since 2008, CMS requires the
team to hold meetings and share information to
make each patient’s Plan of Care work as well as it
can. Below, you can learn about each of the
team members.
Patient
As the person with a chronic disease, the patient
has a job. He or she needs to:
earn about kidney failure and its treatment
L
Have input into the care plan, then follow it
(meal plan, fluid limits, drugs, dialysis)
Tell the care team about symptoms
or problems
Know his or her rights and responsibilities
Patients spend far more of their time outside of
the dialysis center than in it. Good treatment lets
them spend that time doing things they value and
enjoy. Patients have the best chance of a good
life if they learn all they can and become active
partners in their care. You and the rest of the care
team can help them get up to speed so they can
take care of themselves. In some cases, family
members will help with care and/or speak for
patients who can’t speak for themselves.
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Nephrologist
Renal Dietitians (RD)
A nephrologist is a doctor who is a specialist in
kidney disease. He or she sets up the plan of care
with the other care team members. The doctor
prescribes treatments and drugs and orders tests.
Each center must have a Medical Director, who is
a board certified nephrologist, to ensure safe, high
quality-care.
The RD builds meal plans around the limits patients may have on food and fluids due to dialysis.
The meal plan will have at least some of each
patient’s favorite foods. The RD teaches patients
and their loved ones how to best meet patients’
nutrition needs. Often, the RD will go over the
monthly lab tests with each patient.
Nurses
The nurse coordinates each patient’s care with the
other members of the care team. He or she will
put the plan of care into action, teach patients,
give them medications, assess them before and
after each treatment, do direct patient care, and
train staff. In some states, nurses must also
connect patients with catheters to the dialysis
machine. A nurse may also manage the center.
Social Workers
Social workers help patients cope with dialysis
treatment. The social worker counsels patients
and their loved ones to help them sort out and
handle their feelings. He or she can put patients
in touch with local resources for shelter, a ride
to the clinic, lower cost medications, job training, and more. You can ask the social worker for
help to deal with a challenging patient. Or, if a
patient seems depressed, tell the social worker.
Dialysis Technicians
In some centers, there are three types of
dialysis technicians:
1. Patient care dialysis technicians take care of
patients on dialysis, working under a registered nurse.
2. Biomedical equipment technicians maintain
and fix the machines.
3. Reuse technicians label, clean, and reprocess
dialyzers so they can be used again.
2
Nutrition for
People on
Standard
In-Center HD
Healthy kidneys work 24 hours a day to remove
wastes from the blood. These wastes build up
mainly from the food we eat. They include urea,
creatinine, potassium, sodium, phosphorus, and
fluid. Dialysis does only part of the work of
healthy kidneys. The more dialysis people get,
the fewer limits they must have on what they can
eat and drink.
In the US most people on dialysis do standard
in-center HD. Their diet needs to give them
good nutrition and limit the build-up of wastes
between treatments. (Those who do PD, nocturnal, or daily HD can eat and drink in a more
normal way.)
The diet is planned for each patient. Levels of
protein, calories, fluid, minerals, and vitamins
may change based on the patient’s needs. Keeping these levels in balance can help patients feel
better during and between treatments.
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The standard in-center HD diet is based on these
food groups (see Figure 15):
Protein (e.g., beef, pork, chicken, eggs, fish,
cheese, peanut butter, tofu, and vegetarian
meat products)
Dairy (milk, ice cream, yogurt, pudding, etc.)
Bread and starches
Vegetables and fruits
Fats (includes butter and oils)
Calorie boosters (e.g., hard candy
or jelly beans)
Other (such as spices and condiments)
Dairy Products
Fats (often high
in desserts)
Other
(mild spices)
Bread and
starches
When we eat protein, nitrogenous wastes, like urea
(blood urea nitrogen, or BUN) and creatinine,
are left. Healthy kidneys remove these wastes,
but diseased kidneys can’t. Dialysis clinics test
patients’ BUN and creatinine blood levels each
month. The results help us to see how well patients are doing:
igh levels of BUN may mean poor dialysis
H
that is not removing enough wastes, or the
patient may be eating too much protein.
Low BUN levels may mean good dialysis, or
may suggest that patients have poor muscle
mass.
High levels of creatinine may mean poor
dialysis.
Low levels of creatinine may mean good
dialysis—or may mean that the patient has
lost muscle mass.
Calories
Fruits
Vegetables
Meat and meat
substitutes
Figure 15: In-center HD food groups
Protein
All foods have some protein. There are two types
of protein:
1. High biological value (HBV) animal or soy
protein (e.g., meat, fish, poultry, eggs, tofu,
soy milk, and dairy products).
2. Low biological value (LBV) other plant
protein (e.g., breads, grains, vegetables, dried
beans and peas, and fruits).
A balanced diet has both types. In the body,
proteins help maintain body muscle and tissue.
People on dialysis need 50% more protein each
day than healthy people, because they lose some
protein at each treatment.78
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Calories in food provide energy to run the body.
People on dialysis must eat enough calories to
meet their energy needs. If they don’t, they will
be malnourished (see next section), and will burn
protein (i.e., their own muscles) for fuel. Then
they won’t have enough protein left for other key
body functions.
Patients who are uremic often lose their appetites.
Food may taste strange or metallic, and patients
may feel sick to their stomachs or vomit. Watch
your patients closely for weight loss. Ask them
how well they are eating. Pay special attention to
new patients, since their appetite tends to be poor
before their kidneys fail. Tell the dietitian if you
think a patient is not eating well.
It is vital to note loss of “real” weight (muscle
and fat) and not mistake it for fluid removal
from treatment. If a patient loses real weight, it
may not be seen right away. Signs that a patient
has lost real weight, even if weight after treatment
is the same, may include:
luid build-up in the ankles and fingers
F
Shortness of breath
Not being able to lay flat in bed
(ask the patient)
M o d u l e
How You Can Help Your
Patients Eat Better
At each treatment, ask your patients how
they are eating. Tell the dietitian and nurse
if there is any change in appetite, how food
tastes, or GI problems (feeling full after very
little food, constipation, diarrhea, bloating,
heartburn, nausea, or vomiting).
ell the dietitian and social worker if a
T
patient is missing meals due to treatment times or can’t pay for food.
Tell the dietitian and nurse when a
patient often comes in for a treatment
below dry weight. Any unplanned
weight loss or loss of energy may suggest
nutrition concerns.
Tell the dietitian if patients with diabetes say they don’t eat or can’t keep their
blood sugar in control.
Tell the nurse and dietitian if a patient
gains a lot of fluid between treatments.
Encourage patients to follow their prescribed meal plans.
Remind patients to take their binders
with meals and/or snacks, and other
drugs and nutritional supplements as
prescribed.
Encourage patients to come for their
treatments and stay for the whole time.
Know your patients’ meal plans.
Not all patients have the same limits.
Listen when the dietitian talks to the
patient, read the chart notes, and look
at the labs.
2
Malnutrition
Malnutrition on dialysis is a risk factor for
death.79 African American and Hispanic people
tend to live longer on dialysis than white people.
This is due, in part, to better nutrition.80 A
3-year study looked at patients who lost 5% or
more of their body weight without meaning to vs.
those who kept a healthy weight. Those who lost
the weight were three times more likely to die.81
Protein levels are checked with a blood test for
serum albumin. This level should be 4.0 g/dL
or higher. Lower levels raise the risk of death in
people on PD or HD.82 Low cholesterol levels in
people on dialysis can also mean poor nutrition.83
Malnutrition can be treated. Often, the first
step is to try to get the patient to eat more. If
this does not work, protein drinks, powders,
or bars are used. Many protein options are on
the market, and some are made just for dialysis.
They have calories and protein, with less sodium,
potassium, and phosphorus. It is important to
choose products the patient will use.
If supplements don’t work, there are other
options:
feeding tube placed in the stomach
A
Intradialytic parenteral nutrition (IDPN) –
an IV feeding of a fluid during dialysis that
may have carbohydrates, protein, fat, sugars,
and amino acids
Total parenteral nutrition (TPN) – IV
feedings that provide all or most of a
patient's nutrition
Malnourished patients can be helped with a team
approach. YOU are a key link between patients
and the rest of the team. Keep a close eye on
changes in dry weight. Listen to what patients
say about what they eat and drink, and share
what you learn with the team. Finding and
treating malnutrition early can help save your
patients’ lives.
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Water
Once the kidneys fail, they make little or no
urine. This means that almost all of the water
contained in what patients drink or eat must
be removed by dialysis (see Table 5). Nearly all
people on standard in-center HD have fluid
limits. Often, the limit is the volume of the
patient’s urine output plus 1 liter (4 cups) per
day. Patients who make no urine may only be
able to drink 4 cups of fluid per day (see Figure
16). Foods that are liquid at room temperature,
like Jello, ice cream, or popsicles, count as fluids
(see Figure 17).
Before each treatment, you will need to figure out
how much water to remove. Some patients will be
able to tell you. In a perfect world, each treatment removes just the amount of water the patient
gained between treatments. As you will learn,
knowing just how much to remove is a fine art.
Dry weight is a patient’s weight after a treatment
when all (or most) excess water is gone. People
at their true dry weight should feel well, have
no excess water or trouble breathing, and need
few—if any—blood pressure pills. People on dialysis tend to lose real weight and replace it with
water weight, so each patient’s dry weight must
be adjusted often. Weight is often measured in
kilograms (kg). A kg is 2.2 lbs.
Patients on standard HD need to know what can
happen if they gain too much water weight:
I n the short term, if a treatment removes too
much water, or removes it too quickly, the patient’s blood pressure will drop (hypotension).
Painful muscle cramps are common. The
patient may feel dizzy and pass out or throw
up. The patient may feel “washed out” and ill
for hours after the treatment. If not enough
water was removed, the patient must try to be
even more strict with his or her fluid intake
until the next treatment.
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aving to remove a lot of water in a short
H
treatment can cause myocardial stunning (the
heart can’t beat as strongly). In the long
term, fluid overload and the high blood
pressure it causes can lead to left ventricular
hypertrophy (LVH)—a heart problem that is
a leading cause of death for people on standard in-center HD.84
Keeping a good fluid balance may be the greatest
challenge for people on in-center HD and the
staff who care for them.
How much water weight each patient can gain
between treatments will vary. But, blood pressure
checks and watching for signs of edema in the
feet, face, and hands are the same for all patients.
Urge your patients to follow their fluid limits.
Teach them how to relate how much they drink
to how they feel—such as shortness of breath,
swelling, and cramps. If patients have a scale
at home, teach them to weigh themselves each
day and know how much they can safely gain.
Change kg to pounds for them.
Table 5: Measurement conversions
Food/Drink
Quart (1 liter)
Soda pop (1 can)
Coffee, tea
• Large
• Medium
• Small
Milk (1 small carton)
Milkshake
• Large
• Medium
• Small
Ice cream
Sherbet
Soup
Wine
Beer (1 can or bottle)
Popsicle
• Single popsicle
• Fudgsicle/creamsicle
• Double popsicle
Ice cube
(household, 8 pieces)
Ice chips
Ounces
mL
Household
Measure
32
12
960
360
4 cups
1 and &frac12; cups
16
12
8
8
480
360
240
240
2 cups
1 and &frac12; cups
1 cup
1 cup
16
12
8
4
4
8
4
12
480
360
240
120
120
240
120
360
2 cups
1 and &frac12; cups
1 cup
&frac12; cup
&frac12; cup
1 cup
&frac12; cup
1 and &frac12; cups
1.5
2.5
3.0
4
45
75
90
120
3 tablespoons
⅓ cup
&frac12; cup
&frac12; cup
4
120
&frac12; cup
M o d u l e
Soda
Milkshakes
Figure 16: Examples of fluid limit of 4 cups (32 ounces)
Sodium
Sodium is a major part of table salt. Just 1/2
teaspoon has more than 1 gram, or 1,000 mg, of
sodium. Since all foods have small amounts of
sodium, it can’t all be taken out of the diet. But,
people on HD should not use table salt or most
salt substitutes (which have potassium). And, it’s
best if they avoid salty processed foods.
Sodium causes thirst and plays a role in high
blood pressure and fluid weight gain. Sodium in
the blood attracts water, which leads to swelling.
When the kidneys fail, they stop removing excess
sodium. Patients must take in less sodium and
water if:
ey have swelling (edema) in the face,
Th
hands, or feet
Their blood pressure rises
They gain weight quickly
Patients who limit sodium in their diet tend to be
less thirsty. This makes it easier for them to drink
less, too.
New US guidelines for all of us suggest a limit
of just 1,500 mg of sodium per day.85 This
level can be reached if we don’t eat salt, canned
foods, packaged “helper” foods, pickled foods, or
Coffee,
tea
Water, milk,
juice
Ice cream,
sherbet,
frozen yogurt,
gelatin
Soups
2
Ice cubes,
popsicles
Alcoholic
beverages
Figure 17: Fluids
preserved meats such as cold cuts, sausages, and
hot dogs. Encourage patients to read food labels
and try no-salt herbs and spices like basil, lemon
pepper, and Mrs. Dash&reg;.
Potassium
Patients who get good dialysis should have a
normal range of serum potassium (3.5–5.5
mEq/L) if they limit what they eat and drink.40
They can learn to eat fewer high potassium foods
like avocados, mangos, bananas, oranges, dried
fruit, melon, dried peas and beans, tomato sauce,
potatoes, salt substitute, espresso, or cappuccino
(see Figure 18). Chewing tobacco can have a lot
of potassium. Patients who drink orange juice
might switch to apple or cranberry. They might
eat pasta or rice, not potatoes. But, these limits
are still a big challenge for most.
It is vital for patients to read food labels. Many
foods now have less salt—but more potassium.
Campbell’s&reg; Healthy Request&reg; Chicken Rice soup
made with Sea Salt has 680 mg of potassium in
just a &frac12; cup serving! Many new energy, vitamin,
and mineral drinks and waters have a lot of potassium. Fresh meats or chicken may be injected
with potassium to give them a longer shelf life.
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Patients also need to learn portion sizes. One
apple is okay—but eating three or four could
cause a problem. Fruits and vegetables are most
often limited to 4–5 servings a day. This is tailored for each patient and may change based on
the monthly labs.
Sometimes the dialysate may have more or less
potassium to meet a patient’s needs. Note your
patients’ prescriptions when you talk about potassium. Patients on a higher K bath (K 3.0 mEq/L)
may not have a limit.
Most salt
substitutes
Fresh-cooked
spinach
Tomatoes
Cantaloupe
Potatoes and
sweet potatoes
Nuts and
beans
Avocados
Chocolate
Dried fruit
Figure 18: Examples of high-potassium foods
Facts Patients Need to Know about Potassium
oo much potassium can cause sudden death.
T
Symptoms of high potassium include muscle weakness—
like trouble walking, skipped heartbeats, and cardiac arrest.
Most salt substitutes have potassium and should
not be used.
Potassium is at its highest level after a weekend—
the longest span between in-center HD treatments.
Patients who don’t get enough HD are at a higher risk
for hyperkalemia.
A drug called kayexalate may be used in some patients to
lower potassium levels between treatments.
Patients need to know that foods labeled “low salt” may
have a lot of potassium.
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When the kidneys fail, they can’t change vitamin
D to its active form or keep calcium and phosphorus in balance. Bone minerals that are out
of balance and too little active vitamin D lead to
problems called secondary hyperparathyroidism or
mineral bone disorder (MBD).
To help prevent MBD, KDOQI™ guidelines say
to keep the serum calcium levels of people with
stage 5 CKD at the lower end of normal (8.4–9.5
mg/dL).41 Albumin levels affect calcium levels,
so the number must be adjusted for low albumin.
Patients’ total calcium intake (diet and binders)
should be 2,000 mg per day or less.40
Phosphorus
Bananas
Oranges and
some juices
Calcium
Standard in-center HD removes some phosphorus,
but not much. Most patients must limit foods
like dairy, cola, beans, whole grains, and nuts
(see Figure 19).
A common phosphorus diet limit is 800–1,000
mg/day.40 Patients tend to find it hard to control
phosphorus, since it is in most foods. Dietitians
work with patients to make a meal plan that will
meet patients’ needs. Today, there is a lot more
phosphorus in our food from additives, flavor
enhancers, and preservatives. Patients need to
avoid these as much as they can. Reading food
labels can help patients and their loved ones who
help buy or cook their food.
Serum phosphorus levels should stay between
3.5–5.5 mg/dL.40 High levels, or hyperphosphatemia, are linked to MBD—and a higher risk of
death.47 Symptoms of MBD may include itching, bone and joint pain, muscle weakness, and
bone fractures. But, patients may not feel a thing
until a lot of bone damage has occurred.
Phosphate binders are medications used to reduce
the amount of phosphorus absorbed from food.
Binders bond with phosphorus from food and get
rid of it in the stool. They must be taken with
meals and snacks so there is phosphate in the gut.
Most people who do standard in-center HD need
binders. They may complain of constipation.
M o d u l e
If so, the doctor may prescribe a stool softener.
Others may have diarrhea or trouble swallowing
their binders. Tell the nurse or dietitian if the
patient complains. A different binder may work
better for that patient.
Help Your Patients
Manage Phosphorus
Share these tips with your patients:
o not skip or shorten treatment time—
D
dialysis removes some phosphorus, so it
helps to get every minute of treatment
the doctor prescribes.
Follow a low-phosphorus diet.
Beware of phosphorus on food labels.
Look for words like “phosphate” or
“phosphoric acid” and avoid or limit
foods that have these.
Take binders with meals and snacks. If
you are not taking them, work with the
team to find the best binder for you.
Don’t like to take binders? Think about
doing a type of treatment that removes
more phosphorus so you don’t need
them.
Colas
Pizza
Chocolate
Dairy products
Nuts and dried beans
Figure 19: Examples of high-phosphorus foods
2
Vitamins
Dialysis removes some water-soluble vitamins,
so patients need to take supplements. But high
doses of vitamins are not safe for people on
dialysis. Patients should take:
60–100 mg of vitamin C
1–5 mg of folate
2 mg of vitamin B6
3 μg of vitamin B12
The recommended Dietary References
Intakes (DRI) for other vitamins.40
Patients need to talk to their doctor, dietitian,
or pharmacist before they take any over-thecounter vitamins, herbs, or home remedies.
Healthy kidneys remove many products from the
body. People on dialysis may build up toxic levels
of these products in the blood.
Vitamins at a Glance
These vitamins are water soluble, so dialysis
may remove them:
iotin
B
Folacin
Niacin
Pantothenic acid
Riboflavin (B2)
Thiamin
Vitamin B6
Vitamin B12
Vitamin C
These are fat-soluble vitamins:
itamin A
V
Vitamin D
Vitamin E
Vitamin K
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Helping
Patients Cope
Dialysis can cause many problems for patients.
Working, eating, sleeping—even planning daily
life around dialysis—can be a huge challenge for
patients and their families.
People whose kidneys fail often have many serious questions, such as:
ill I die?
W
Will I lose my job?
Will my life be worth living?
Can I still work and take care of my family?
How will this impact my sex life?
Can I still have a baby?
What about my relationship—will my
partner leave me?
Will I be able to pay for my treatment?
Will I ever feel better?
Why me?
It is common for patients to have strong feelings
about dialysis. They may move from anger to
depression to fear and back. In time, they may
come to accept their new lives—or not. How
each patient adjusts depends on factors like
personality, support from family and friends, and
other life events and health problems. All center
staff will see patients who are under severe stress
at some point.
You and your fellow technicians will spend the
most time with patients. So, you are key to
helping them cope with their kidney disease and
dialysis. You can ask the social worker for help
dealing with patients who have a hard time. Keep
in mind that patients who are just starting treatment may be very afraid and depressed. When
they start to feel better, they may feel more hopeful again, and grateful that they are alive. This is
a sort of “honeymoon period.” During this time,
patients may keep up with things they liked to do
and start to plan again for the future.
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When the long-term nature of kidney failure
and the ongoing demands of treatment sink in,
patients may feel angry and depressed again.
This may also happen if there are health setbacks
or problems during a treatment. Patients react
not only to their real losses but also to possible
losses—what they believe their future would have
been like if they had not become ill. They may
resent having to depend on machines, the care
team, and their families.
Money Concerns
Many people on dialysis have money problems.
Their bills don’t stop just because their kidneys
did. Disability or retirement pay most people
much less than work did. Patients also need to
buy special foods, costly drugs, and get to and
from the center three times a week if they choose
in-center HD.
The social worker knows about community resources and help. It’s best if working-age patients
can work so they are more active and earn money.
Care team members can encourage patients to
work and be as active as possible. Vocational
rehabilitation programs in your state may help
patients who need to go back to school or change
jobs due to dialysis.
Travel
Some standard in-center HD patients do travel.
Most dialysis companies have a way to match
patients with centers when they travel. The social
worker and/or charge nurse can help patients set
up treatments in most places around the world.
There are barriers, though. Not all centers have
the space or staff to care for “transient” patients.
The best way to assure space is to plan far in
advance—but sometimes a slot will close at the
last minute. Some health plans or state Medicaid programs won’t pay for out-of-network care.
Patients need to pay for part or all of their treatments away from home, plus their trip.
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Patients who get transplants take their kidney
treatment with them. PD is portable and can be
taken along for travel. Home HD with a small
machine can also make travel easier. Patients who
love to travel may want to think about
these options.
Body Image
Body image concerns are common for people on
dialysis. They may think their fistulas, grafts, or
PD catheters are ugly. Or, they may worry about
loss of muscle, scars, skin problems, and hair loss.
(Hair may grow back if its loss was due a lack of
protein intake during CKD or at the start
of dialysis.)
Younger patients may want to bear or father a
child. Women on dialysis are less likely to get
pregnant; if they do, they may have problems.
Only about half of babies born to women
who are on dialysis survive. Infant survival is
better with much more dialysis (e.g., daily or
nocturnal HD).86
Patients of all ages may have issues about sexuality. Men and women on standard in-center
HD and PD may have problems with sexual
function.87 All care team members can remind
patients that concerns about body image and
sexuality are very normal, and the social workers
can work with patients about these worries. A
transplant or more dialysis may help with all of
these issues.
Pain
As many as half of patients on dialysis may be in
pain.88 Pain can come from surgeries, cramps,
needle sticks, nerve damage, and bone disease.
One study found that one-third of patients who
had pain were not given pain medications.88 If
patients tell you that they have pain, share this
with the nurse, who can help them to get the
treatment they need.
2
Life Changes
In many cultures where events center on food and
drink, people on in-center HD may feel set apart
from others. They may not be able to eat pizza
and French fries when out with their friends. The
ethnic meals they used to share with their families
may be off limits. Having to learn new ways to
eat and cook is a huge day-to-day burden. Most
of us would have a very hard time dealing with
major life changes like these!
Patients may react to the changes in their lives
by withdrawing, leaving early, or missing treatments. They may act hostile, very dependent, or
demanding. Beneath these behaviors is a grieving
process for the loss of the way things used to be.
Try to keep this in mind when patients are rude
or mean to you.
Mood
Patients on dialysis may be depressed. In one
large study, 43% of people on dialysis were
depressed; only 13.9% had been diagnosed by a
doctor.89 People on dialysis who are depressed
are far more likely to die90 this problem must
be found and treated. Patients may seem sad,
irritable, or angry, or their hygiene may slip. Or,
they may hide their feelings so the care team will
like them.
If you think a patient may be depressed, tell the
social worker and nurse. There are treatments.
Medications can help in both PD and HD.91-92
A change of treatment options may help, too.
The FREEDOM study found that patients who
switched from standard in-center HD to short
daily HD were less depressed.93
You won’t be surprised to learn that many people
on dialysis are anxious. In one smaller study,
nearly half of those on dialysis had an anxiety
disorder.94 You may see patients who get very
upset or panic if they or another patient have a
problem. The social worker may be able to help.
49
The Person with Kidney Failure
Communication
How you talk with your patients is vital to their
care. What you say, do, and your body language
are part of the care you provide and the messages
you send. Patients see and talk to techs more
than any other team member. You have a key
role in helping patients cope.
Patient
Confidentiality
Medical records and talks with patients must
be kept private. Patients need to feel safe in the
center. Idle lunchroom or elevator gossip can
do a lot of harm. Patients see and hear everything that goes on around them. They need to
feel that their information is taken seriously and
not shared with others who don’t need to know.
Never talk about a patient when someone else
can overhear. Never talk to patients about other
patients’ problems or issues.
The Health
Insurance Portability
and Accountability Act
(HIPAA)
In 1996, the Health Insurance Portability and Accountability Act (HIPAA) became law. HIPAA,
which took effect in 2003, created national rules
about how patient privacy must be guarded. Your
center has rules to meet the HIPAA standards.
Be sure you are keeping written and electronic
patient records private.
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Active Listening
Active listening is a way to give patients close
attention and to be sure you know what they
mean. To listen actively, look the patient in the
eye, focus on his or her words, and ask questions.
Short, open-ended questions are best. Openended questions can’t be answered with “yes” or
“no.” Here are a few samples:
hat does the pain in your feet feel like?
W
So, you’re saying that you...?
Tell me more about what you ate yesterday.
How did you feel when you learned you had
to have another access surgery?
You seem sad when you talk about having
to take early retirement. Can you tell me
about it?
Watch your patients’ body language, facial expressions, and tone of voice. Team members use
these clues to help patients share their feelings
and to find more information. Asking openended questions and giving some time to answer
can help patients tell you what is really going on.
These types of questions also send a message that
you care for and support them.
When you think about what you want to tell
the patient, rather than listen, this is not active
listening. Active listening is a skill that takes time
to learn. What you learn will help the whole
team better care for each patient.
Boundaries
Psychological boundaries are the rules people
use to form the right kinds of relationships with
each other. In a dialysis clinic, you may spend 40
hours a week with patients, and you may see the
same patients for years. Staff become very close to
patients and to each other. We need to care about
our patients, but there is a danger that staff will
become too attached to patients, and vice versa.
M o d u l e
To stay on the right track, DON’T:
ive patients your phone number
G
Share personal details about your life outside
of work
See them outside of the clinic setting
Date patients, go shopping with them, attend parties, etc.
Give patients a ride or run errands for them
Go to patients’ homes
Send texts, emails, or tweets to them, or
become Facebook friends
Give patients advice that has nothing to do
with dialysis (e.g., refer them to a lawyer, real
estate agent, etc.)
Loan money or items
Take any money from patients (your clinic
has a policy about gifts)
Send personal holiday or birthday cards
Sell patients anything (i.e., Avon, Tupperware, your kids’ school fund drives, etc.)
Buy anything for patients
Be a professional. Patients are not your friends and
family, though they may seem close enough to be.
Focus all talk on the patient—not on your own
life. You can’t solve everyone’s problems. Most of
the time you can only be there to offer support.
Patients may express their feelings to you, and you
will need to stay calm no matter what they say.
People on dialysis have many strong emotions.
At times, the center may be the only safe place
for them to show that they feel sad or angry. Or,
patients may hide sadness or fear under anger
or hostility. Anger—though it seems aimed at
you—is most often about other things in their
lives. Don’t show anger to your patients. You can’t
control how you feel, but you can control how
you act. As a caregiver, always act in a calm,
accepting way. Don’t argue with a patient. If a
patient confronts you, seek help from the charge
nurse, social worker, or other staff. You will find
that most people will act with respect when you
treat them with respect. Treat your patients and
fellow staff as you would like to be treated.
2
When you are having a tough day, remind yourself that patients must cope with many difficult
things. Resist the urge to give advice and try
to solve their problems. You go home to your
own life at the end of the shift. Patients must
take kidney failure, and the limits of their illness,
home with them. Acting unprofessionally can
harm your patient. For example, if a patient gets
mad at you due to something you said, he might
skip a treatment. You could also get into legal
trouble with your clinic or the state if you don’t
act professionally with patients.
Patient
Education
As someone who spends a lot of time with patients,
you must be able to reinforce what patients are
taught by other team members. So, you need to
know about CKD and its treatments.
Patients will ask you questions. Be sure not to give
answers or advice that are beyond your scope of
practice. If you don’t know an answer, refer the patient to the right member of the care team. Below,
we cover some key points about how adults learn.
Readiness
Adults learn only when they are ready. They can’t
take in what you tell them if they are afraid or in
pain. For example, you might see that the dietitian does not try to talk to patients about what to
eat while you are putting in needles.
Hope is the first step in learning. Patients need to
have hope that they can still have a good life. In one
study, patients who were more hopeful were less
depressed and anxious, and did not feel their kidney disease was as much of a burden.95 You can
see why they might be better able to learn, too.
Patients who worry that they will die or have a
poor quality of life won’t be able to learn. They’ll
think that what you tell them doesn’t matter,
since they’re just going to die anyway. But, some
people live 20 or 30 years or more on dialysis—a
fact you can share that may give them hope.
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Watch for signs that patients may be ready to
learn. They might start to ask questions or show
less fear. When patients first start treatment, they
may be too ill or scared to learn much. Repeat
information as they become more ready to learn
over time. Most people don’t learn something
until they have heard it a number of times.
Need
Adults learn only what they feel they need to
know—what is relevant to them right now. The
nurse will assess what patients want and need to
know, and then write a teaching plan. The nurse
or doctor would not talk about transplant drugs
in detail at a patient’s first treatment. Rather,
they might focus on the machine, the steps of the
treatment, the need to check vital signs, and what
symptoms to watch for.
Language Level
All learning must be tailored to the learner. If Ms.
Brown has a PhD in science, staff will explain how
the dialyzer works quite differently than they would
for Ms. Green, who didn’t finish high school. The
only way for staff to know patients’ educational
background is to ask them—never assume.
The right level includes how patients see, read,
hear, and understand the language. Sometimes
we are so eager to get our message across that we
forget about things like language and reading
level. It does an 86-year-old woman who speaks
only Polish little good to get a detailed pamphlet
written in English.
As the staff person who talks most to patients,
you can help ensure that they receive information
in a way they can understand. Listen to patients’
questions and their answers to your questions.
If you can tell that there is a language, hearing,
vision, or reading barrier, tell the nurse. Once
they know of a problem, the team can work
on a solution.
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Even if someone has a lot of schooling, he or she
may not know the meaning of complex medical
terms. Think of some of the words we use each
day in dialysis. They may sound like a foreign
language: fistula, phosphorus, cannulate, dialyze,
nephrology, etc. Most patients don’t know
what these words mean. Explain medical terms
when you use them and try to use plain, simple
language as much as you can. Better yet, use
pictures, brochures, or videos for patients.
Repeat, Repeat,
Repeat
Patients may be told so much at once that it can
be hard for them to remember it all. Most people
need to see a concept 5–8 times before they learn
it. This means teaching must be repeated to be
learned. It is common for patients to tell you
that they “never heard that” when you know
you told them. If they are uremic, they may not
remember. Try not to get frustrated when this
happens. Stay calm and keep trying.
Belief
To learn from the care team, patients must:
elieve that something the staff is trying to
B
teach them is true
Believe that it will help them
Believe that learning it will improve
their lives
Bone disease is an example of how patient beliefs
can make a difference. Patients are at risk for a
long-term complication they can’t yet feel—so
they may not believe there is a problem. They
are asked to take drugs that don’t make them
feel any better. So they may not believe these
drugs—like binders and active vitamin D—really
work. You can see why they may not follow their
treatment plans. Good communication can help
people believe that they need to take good care
of themselves, even when they can’t feel a change
right now.
M o d u l e
Beliefs are even more vital when you deal with
patients from other cultures. Often they have
very different “truths” about health, illness, and
the effects of some remedies. If you think a
patient’s religion or culture affects his or her
dialysis, talk to the nurse. The team, family, and
clergy can be called upon to help find answers.
The team will assess patients to see if they are
ready and able to learn, and make a plan to help
them learn what they need. Share any clues or
tips you learn from working with the patient with
the other team members.
Rehabilitation
When someone has an acute illness, like strep
throat, the goal of healthcare is a cure. But a
chronic disease like kidney disease will never go
away—there is no cure. So, the goal of treatment
is rehabilitation: helping patients live as normal a
life as they can.
People do dialysis so they can feel their best and
can keep doing things they enjoy. They may want
to care for children or grandkids, stay active in
their towns or churches, golf, play music, or keep
a job. When patients are on the machine, it may
seem as if they can’t do much. But when they are
outside the center, they are living their lives—and
you can help make that possible.
Improving
Patient Outcomes
In healthcare, we often talk about patient
outcomes—the end result of the care we give.
Some outcomes we look at are:
orbidity (number and length of
M
hospital stays)
Mortality (death)
Quality of life
A working vascular access
2
You and the care team have a job—to give good
care to patients. Patients also have a job: to selfmanage. Self-management means patients learn
to become their own experts who can:
ollow their treatment plans – as partners
F
with their care teams
Keep themselves safe – by knowing how the
treatment should be done
Recognize and report symptoms –
to avoid serious problems
Patient
Self-Management
In a dialysis center, a team takes care of patients.
But, as you can see from Figure 20, most of the
time patients are not in the center. And, they care
for themselves with each bite of food, each drink,
each pill they take (or forget), each symptom they
report (or keep quiet about), and each treatment
they go to (or miss). This is self-management in
action. Patients need to learn a lot about kidney
disease and its treatment to do a good job selfmanaging.
Many adults in the US like to feel in control.
Helping kidney patients to be in control can help
them live longer. A large study found that patients who chose their own treatment for kidney
failure had a 39% lower risk of death than those
who had help from the doctor or the care team to
choose. They were also much more likely to get a
transplant.96
Note that we have not said patients must comply
or adhere. These terms mean that the patient
needs to “take orders” and do what he or she is
told. But most of the time, dialysis patients are
on their own, with no one there to tell them what
to do. We want patients to be their own experts,
and do what they need to feel their best.
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In the center, you can help patients become their
own experts and feel more in control. Your center staff can urge patients to do as much as they
can. Patients may be able to:
rack their blood test results in a notebook
T
or on a computer
Make good food choices
Learn to put in their own needles
Weigh themselves and write down the
number
Calculate how much fluid to remove at each
treatment
Check their dialyzer with a staff member
Check their machine settings and dialysate
Tell the staff about any symptoms they have
Know what each of their pills is for and how
to take them as prescribed
This is where YOU come in. When patients believe their families and caregivers think they can
do well, they believe it, too—and they are even
more likely to keep their jobs.97 As someone who
talks to patients often, the messages you give are
very important.
For patients to self-manage, they must first
believe that they can have a good life on dialysis.
Hope for a good life can motivate patients to
learn. Then, patients must know that they need
to take an active role in their care. This idea is
new to many patients (and staff, too). They need
to ask questions and seek information to understand their disease and its treatment.
Finally, they need to take action to feel their best.
This includes doing some type of exercise, as well
as staying active in work, hobbies, and community life. All of this can be summed up in three
words:
1. Attitude – looking on the bright side, being
grateful to be alive
2. Answers – learning what they need to know
to care for themselves
3. Action – staying involved in the world and
keeping physically fit
Attitude
Time on own
92%
Social workers and nurses play major roles in
teaching new patients and helping to address
their fears. You, too, are a key staff person who
can help give patients hope. How? Here are
some ways:
Time at in-center dialysis
8%
Figure 20: Patient time in-center vs. time on own in a
typical week
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The Importance
of Hope
e positive yourself. As the saying goes,
B
“Attitudes are contagious—is yours worth
catching?” Be excited when patients tell you
they have done something new. Praise their
efforts, even if they don’t succeed on the
first try.
Expect patients to keep doing the things
they love. Some patients believe that since
they are “sick” they can no longer sing in the
choir, garden, raise puppies, work, etc. Since
kidney failure won’t go away, we need to challenge these beliefs. Ask, “Why not?” when
patients tell you they can’t do something.
M o d u l e
hare success stories. Give patients some
S
examples (with no names) of what others
with kidney failure have done. Maybe someone traveled to visit grandchildren, planned
a family reunion, or started a business. A
newsletter or bulletin board can highlight
patient achievements and inspire others to
try new things.
Ask patients to help with their treatments. Self-care is a powerful tool to build
hope. Chronic illness can make patients feel
as if they have lost all control of their lives.
Getting back some control by taking part
in treatment, even if at first their role is very
small, can build self-esteem. Small successes
build confidence so patients feel they can
take on bigger challenges.
Talk to patients and find out what they
value most. Use this to help motivate them
to work harder toward a goal.
Be a “holder of hope.” Patients can’t always
see the light at the end of the tunnel. They
have never walked this path before. Staff can
hold out the hope that the patient will begin
to feel better in a month or two.
Answers
Think about how much you must learn to
become a technician. Patients also need to know
a lot to live well with kidney failure. All staff can
help patients learn. As a tech, you can help in
these ways:
alk about what you’re doing as you do it.
T
Even if patients don’t ask questions, you can
tell them how the machine works, how the
alarms protect them, what the dialyzer does,
etc. Use simple, clear language when you
do this.
Be “askable.” Take a moment to answer
patients’ questions or tell them when you
can talk to them in more detail. If you don’t
know an answer, never guess. Refer the
question to another staff person or learn the
right answer.
2
sk patients simple “quiz” questions.
A
If you have been telling a patient about
the machine, you might ask what the
dialyzer does.
Share patient questions or misconceptions
with the nurse or social worker. If the
team pools its knowledge about what patients
ask about, and what they do and don’t know,
you will be better able to help patients
learn more.
Action
Staying active in life includes things like keeping
a job, volunteering, or exercise. Work is a source
of income, identity, and self-esteem. Those who
work may have a health plan and paid vacation
time. Patients who are just starting dialysis may
suffer from uremic symptoms and not know that
they will feel better in a few weeks. They may
quit their jobs and go on disability, which can
make it very hard to return to work later.
Keeping a Job
Fewer than 1 in 3 working-age, in-center HD
patients keeps a job.98 But, keeping a job is much
easier than finding a new one. Helping patients
keep their jobs and health plans is a win-win for
the patient and the clinic. Why? A clinic’s “payer
mix” is the blend of Medicare only, Medicare
plus Medicaid, and employer group health plans
(EGHPs) that pay for dialysis. Clinics that support working patients have a payer mix with more
EGHP payers. These bring more money into the
clinic than Medicare.
Center barriers, like schedule problems, can force
patients to quit their jobs. Centers can remove
these barriers by:
dding evening or early morning shifts
A
Offering home treatments or in-center
nocturnal shifts
Letting working patients “bump” other
patients off the shift they need
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Urge patients who are working or in school to
stay there. Patients who are willing and able to
work but don’t have jobs will need help from
the social worker and a vocational rehabilitation
agency. Others who are too old, too ill, or can’t
work may still be able to pursue hobbies, travel,
or exercise.
Staying Fit
People on dialysis who say they have good physical function live longer than those who don’t.99-100
A study of more than 20,000 people on dialysis
around the world101 found that nearly half did
some kind of exercise. In this study, people were
much more likely to exercise if their clinics had
exercise programs. Those who did:
ad better physical function
H
Slept and ate better
Had less pain
Were in better moods and less depressed
Some patients can keep doing the exercise plan
they did before dialysis. Some may start a new
plan. Patients with heart disease may need cardiac rehabilitation. Those who are very weak may
need physical therapy. Some centers offer fitness
options during treatment. The biggest barrier to
exercise is a patient’s lack of motivation,102 which
is something you can help with.
Let patients do as much as they can. It is often
faster to offer wheelchairs to frail elderly patients
than wait for them to use walkers. But the body
is a “use it or lose it” machine. Patients who
stop walking will stop being able to walk. In
this case, they may also lose their independence
and their homes.
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You can help patients stay fit—and active in
life—if you:
hare success stories (without sharing
S
patient names).
Ask patients how they stay fit. Sometimes
just asking the question can help patients
see that they don’t have to stop being active
because of their illness. They don’t have to
do jumping jacks or ride an exercise bike.
People can stay fit in the garden, walking the
dog, playing badminton or tennis, swimming, dancing, etc.
Urge patients to take part in your center’s
exercise program, if you have one.
Suggest that patients with job concerns
talk with the social worker. The social
worker has resources that can help patients
keep their jobs. For example, a leave of absence may help a patient avoid disability.
Work with the care team to help patients
understand their disease and its treatment.
Once they know what to expect, they can
explain it to a boss.
Talk to patients about what they enjoy
doing. Help them brainstorm work or
volunteer tasks that can help keep them
involved in life.
Talk with retired patients to help them
plan activities they will enjoy.
Patient Resources
Many groups exist to help kidney patients. You
can help your patients by knowing about these
groups and how to reach them. You may want
to visit their websites to learn more about kidney
disease, or even join the groups. Besides the
national programs below, there may also be local
groups in your area.
M o d u l e
American Association of
Kidney Patients (AAKP)
Dialysis Patient
Citizens (DPC)
The AAKP is a voluntary patient organization
that has been dedicated to improving the lives of
fellow kidney patients and their families by helping them to deal with the physical, emotional,
and social impact of kidney disease for more than
40 years. The programs offered by AAKP inform
and inspire patients and their families to better
understand their condition, adjust more readily
to their circumstances, and assume more normal,
productive lives. Visit www.aakp.org to learn
more about AAKP or call the AAKP National Office at 1-800-749-2257.
DPC is the nation’s largest patient-led dialysis
organization. With a membership of more than
22,000 dialysis and pre-dialysis patients, DPC
is working to improve the quality of life for all
dialysis patients through education and advocacy.
Their goal is to provide dialysis patients with the
education, access, and confidence to be their
own advocates.
American Kidney
Fund (AKF)
The AKF fights kidney disease through direct
financial support to patients in need, health
education, and prevention efforts. It leads the
nation in charitable assistance to dialysis patients.
Last year, 101,000 people—one out of every four
US dialysis patients—received assistance from the
AKF for health insurance premiums and other
treatment-related expenses. The AKF also fights
kidney disease through public awareness campaigns, free health screenings, health education
materials and courses, online outreach,
and a toll-free health information HelpLine
1-866-300-2900. For more information, visit
www.kidneyfund.org.
Dialysis Facility
Compare (DFC)
2
DPC is committed to raising awareness of dialysis
issues, advocating for dialysis patients, improving
the partnership between patients and caregivers,
and promoting favorable public policy. They rely
on input from their membership to determine
education and advocacy priorities.
To contact DPC, please call 1-866-877-4242
or visit www.dialysispatients.org. You can also
find DPC on Facebook at www.facebook.com/
patientcitizens or follow them on twitter
(@PatientCitizen).
End-Stage Renal
Disease (ESRD)
Networks
The 18 regional ESRD Networks are private,
non-profit agencies. Congress formed them to
improve quality of care and quality of life for
ESRD patients, and to gather and report data on
ESRD. Networks handle grievances for patients
that can’t be solved by the center. You can find
your Network on the Forum of ESRD Networks’
website at www.esrdnetworks.org.
Medicare built a website to compare all of the
dialysis centers in the US. Patients and staff can
look up a center to find out its address, phone
number, hours, treatments they offer, owner, etc.
Quality information is compared for adequacy,
anemia, and survival. You can find DFC at
www.medicare.gov/dialysis.
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Home Dialysis Central™
The non-profit Medical Education Institute
(MEI), which does Life Options, Kidney School,
and this Core Curriculum, built a site to raise
awareness and use of PD and home HD. Home
Dialysis Central lists all centers in the US that
offer home treatments. It describes each option
and offers active message boards, patient stories,
information, links, and much more.
Visit www.homedialysis.org.
The NKF has been providing hope and help to
kidney patients and their families since 1950.
Today, with local offices across the country, NKF
is meeting the growing public health challenge
of chronic kidney disease with a range of vital
programs and services for the public, patients,
and healthcare professionals.
MEI offers a free online kidney learning center
in 16, 30-minute modules. Each has a preand post-test, photos and graphics, a lesson, a
completion certificate, and an action plan. Topics
include kidneys and how they work, treatment
options, coping, vascular access, sexuality and
fertility, nutrition, staying active, long-term
complications, and more. Users can go through
the modules online, download PDFs to print and
read, or listen to audio files. Kidney School helps
patients learn how to self-manage their kidney
disease. It is also useful background for new
dialysis staff. Visit www.kidneyschool.org.
xtensive kidney health and CKD
E
information available 24/7 on the NKF
website, www.kidney.org
Free early detection screenings for those at
risk for kidney disease
NKF Cares, a toll-free patient help line
Patient advocacy through public policy and
legislative action
Continuing education and membership opportunities for dialysis clinicians and other
kidney healthcare professionals
Promotion of organ donation
Support of research into the prevention and
treatment of kidney disease.
Visit www.kidney.org or Call 1-800-622-9010.
Life Options Program
PKD Foundation
MEI’s Life Options program offers free, researchbased booklets and fact sheets for patients. Topics
include exercise, work, coping, and much more.
Free tools for professionals include Let’s Talk
About… movies and six decks of CKD patient
education slides called A Good Future with
Kidney Disease. Call 1-800-468-7777,
e-mail lifeoptions@meiresearch.org, or visit
www.lifeoptions.org.
The PKD Foundation is a 501(c)3 not-for-profit
organization dedicated to promoting programs
of research, education, support, advocacy, and
awareness, in order to discover treatments and a
cure for polycystic kidney disease and improve
the lives of all it affects. The PKD Foundation
offers education and information about PKD
on its website, www.pkdcure.org, or by calling
1-800-PKD-CURE. PKD causes cysts to grow
on the kidneys, eventually leading to kidney failure. Parents with the disease have a 50% chance
of passing it on to their children. Currently,
dialysis and transplant are the only treatments.
There is no cure for PKD, but the PKD Foundation exists to provide help and hope.
Kidney School™
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National Kidney
Foundation (NKF)
M o d u l e
Renal Support
Network (RSN)
RSN was founded in 1993 by Lori Hartwell—a
kidney disease survivor since 1968—to instill
health, happiness, and hope into the lives of
those with CKD. RSN is a nonprofit, patientfocused, patient-run organization that provides
non-medical services to those affected by CKD.
Through its many programs, RSN strives to help
patients develop their personal coping skills, special talents, and employability by educating and
empowering them (and their family members) to
take control of the course and management of the
disease. Find out more about RSN programs by
calling toll-free 1-866-903-1728 or visiting
www.RSNhope.org.
2
Conclusion
The most challenging—and rewarding—aspect of
being a dialysis technician is working with people
whose kidneys have failed. Kidney failure is a
blow to those who have it, but it doesn’t have to
be the end of their hopes and dreams. You have
a key role to play in the care of these patients.
You see them and talk to them more than anyone
else on the care team. You may see them at their
worst, but you have a chance to help them be
their best. You can make a real difference in your
patients’ lives by giving them hope, helping teach
them how to take care of themselves, and providing the best possible dialysis care.
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Abbreviations List
Acronym
What It Stands For
Meaning
AAKP
American Association of Kidney Patients
Voluntary organization
AKF
American Kidney Fund
Voluntary organization
APD
Automated peritoneal dialysis
PD with cycler exchanges
B2M
Beta-2 microglobulin
Protein that causes amyloidosis
BUN
Blood urea nitrogen
Measure of protein
CA++
Calcium
An electrolyte
CAPD
Continuous ambulatory peritoneal dialysis
PD with manual exchanges
CBC
Complete blood count
Common blood test
CCPD
Continuous cycling peritoneal dialysis
PD with cycler exchanges
CKD
Chronic kidney disease
Slow process of nephron loss
DFC
Dialysis Facility Compare
Medicare dialysis website
DRI
Dietary references intake
Recommended daily amount
ECD
Expanded criteria donor
Deceased donor kidney from older or infected person
EGHP
Employer group health plan
Health plan from work
EPO
Erythropoietin (hormone)
Tells bone marrow to make red blood cells
ESRD
End-stage renal disease
Kidney failure
GI
Gastrointestinal
Pertaining to the gut
GFR
Glomerular filtration rate
Measure of kidney function
MEI
Medical Education Institute, Inc.
Non-profit organization
NKF
National Kidney Foundation
Voluntary organization
HBcAb
Hepatitis B core antibody
Tests exposure to hepatitis
HBsAb
Hepatitis B surface antibody
Tests immunity to hepatitis
HBsAg
Hepatitis B surface antigen
Tests infection with hepatitis
HBV
High biological value (protein)
Animal protein
HCV
Hepatitis C virus
A hepatitis virus
HD
Hemodialysis
Cleaning the blood with a filter
Hgb
Hemoglobin
Red blood cell pigment
HIPAA
Health Insurance Portability and Accountability Act
Law that protects privacy of patient information
HPTH
Hyperparathyroidism
Disease where too much PTH is made
IDPN
Intradialytic parenteral nutrition
Tube feeding during dialysis
K+
Potassium
An electrolyte
KDIGO
Kidney Disease: Improving Global Outcomes
Global clinical practice guidelines
KDOQI
National Kidney Foundation Kidney Disease
Outcomes Quality Initiative
US clinical practice guidelines
Kg
Kilogram
Metric measure: 2.2 pounds
Kt/V
Clearance x time divided by volume
Measure of dialysis dose
LBV
Low biological value (protein)
Plant-based protein
LVH
Left ventricular hypertrophy
Type of heart failure
MBD
Mineral bone disorder
Bone disease in CKD
Mg
Milligrams
A unit of measurement
Mg++
Magnesium
An electrolyte
mEq/L
Milliequivalents per liter
A unit of measurement
mg/dL
Milligrams per deciliter
A unit of measurement
Na+
Sodium
An electrolyte
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continued
Acronym
What It Stands For
Meaning
P
Phosphorus
An electrolyte
PD
Peritoneal dialysis
Cleaning the blood using the peritoneum
PKD
Polycystic kidney disease
Genetic disease that causes cysts to form in the kidneys
PTH
Parathyroid hormone
Tells the bones to release calcium
RD
Renal dietitian
Staff person who helps patients plan meals
RSN
Renal Support Network
Voluntary organization
SLE
Systemic lupus erythematosus
A disease that can cause kidney damage
TPN
Total parenteral nutrition
Tube feeding that provides most or all of a person's nutrition
TSAT
Transferrin saturation
Measure of iron storage
UNOS
United Network for Organ Sharing
Keeps the US transplant list
USRDS
United States Renal Data System
Dialysis data
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MODULE COVER ART &raquo;
Gary Newells
I am a patient at Davita in Oakland, California and am 28 years old. I have been on dialysis
for 4 years and I am currently on the kidney transplant list.
My thoughts about patient care: Cleanliness is a must; Games would be a good idea for dialysis
patients; Administer something for pain for patients with arm fistulas and something for swelling.
69
Objectives
Principles of Dialysis
After you complete this module, you will be able to:
1. Define these words: solution, semipermeable membrane, diffusion,
osmosis, filtration, ultrafiltration, and convection.
2. Explain how diffusion, osmosis, filtration, ultrafiltration,
and convection help to remove fluid and wastes during dialysis.
3. Describe the principles of fluid dynamics and how
they relate to dialysis.
A list of the abbreviations used can be found at the end of the module.
70
M o d u l e
Introduction
Hemodialysis is complex, but it is based on
simple principles. This module will help you see
how these principles are used in dialysis to:
1. Remove some wastes from the blood
2. Remove some excess water from the blood
3. Help balance electrolytes (electrically charged
particles) in the blood
Scientific
Principles Used
in Dialysis
Solution
A solution is a mixture of a solvent and a
solute, where:
A solvent is a fluid.
A solute is a substance that can be dissolved.
Sea water is a solution, for example. Water is
the solvent and salt is the solute.
In dialysis, dialysate is the solution. Treated water
is the solvent. The solutes are electrolytes and
glucose (sugar). We match electrolyte levels in
dialysate closely to the patient’s normal blood
levels. This reduces the loss of these electrolytes
out of the blood during dialysis.
3
Two Examples of
Solubility in Action
In dialysate and in the patient’s body, solubility matters.
Example 1: Mixing Dialysate
We use two concentrates to make dialysate
so solids don’t form:
Acid concentrate has calcium and magnesium.
Bicarbonate concentrate has bicarbonate
and carbonate.
When water has bicarbonate and carbonate in it, we
can’t add calcium and magnesium without forming
solids. So, we dilute one of the concentrates with
water first. Then we can safely mix the two with no
solids formed.
Example 2: Calcium Phosphate Crystals
Calcium and phosphate can form rock-like solids in a
patient’s heart and blood vessels if the blood levels of
both minerals are too high:
hen calcium phosphate crystals form, blood
W
levels of both minerals drop.
The drop in blood level tells the parathyroid glands
to release parathyroid hormone (PTH).
PTH pulls calcium out of the bones.
This creates a vicious cycle. Calcium is pulled out of
the bones, where it is needed, and placed in soft tissues,
where it can harm the patient. We try to prevent bone
disease and calcified blood vessels by helping patients
keep their calcium and phosphate blood levels in the
target range through diet, medications, and dialysis.
Solubility
Solubility is how well a solute will fully dissolve in
a solvent. It can be affected by:
Concentration – only so much solute can
dissolve before a solvent is saturated (full).
pH – acid or base level of the solvent and
solute.
Temperature of the solvent. Solutes dissolve
best in warmer temperatures.
Other solutes – solids (called precipitate)
can form when some solutes mix. We make
dialysate out of two solutions, then mix
them, to avoid this.
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Semipermeable
Membrane
The Nature of the Solutions
A membrane is a thin layer of tissue. When a
membrane is permeable, fluid or particles can
pass through it. Semipermeable means only some
particles can pass through. The filter inside the
dialyzer is a semipermeable membrane.
Solutes must move across a membrane from
a higher concentration to a lower one. The
difference is a gradient. In dialysis, we create a
concentration gradient between dialysate and the
patient’s blood to force wastes to move out of the
blood. We also use gradients to balance electrolyte levels in patients’ blood.
Think of the dialyzer’s semipermeable membrane
as a pasta strainer. Water can drain out, but pasta
is too big to pass through the holes. In dialysis,
the membrane’s holes, or pores, let water and small
wastes pass through quickly. Some mid-sized
wastes can pass through, but more slowly. Large
molecules the body needs, like protein and blood
cells, can’t pass through the small pores at all.
Diffusion
Diffusion is a scientific principle. Here’s how it
works:
wo solutions come in contact through
T
a semipermeable membrane.
Each has a different level of solutes
(concentration).
Solutes will move back and forth through
the membrane on their own.
The solute movement will go on until
the concentrations on both sides of the
membrane are the same.
A tea bag is a way to think about diffusion. The
tea bag is the membrane. When you put a tea
bag in hot water, some water goes into the bag,
and gets very concentrated with tea flavor. Water
on the outside of the tea bag has less tea flavor.
When you let the tea steep for a few minutes,
molecules from the tea leaves diffuse into all of
the water until your tea is done. At this point,
the water inside and outside of the tea bag has the
same concentration of tea (see Figure 1).
In the body, diffusion into and out of cells goes
on all day long to maintain homeostasis (balance).
In dialysis, wastes diffuse across the dialyzer
membrane into the dialysate. This is how we
remove them from the patient’s blood. Diffusion
is affected by a number of factors.1
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1. Concentration of the solutions on
each side of the membrane
In dialysis, these terms refer to a solution’s concentration vs. normal blood:
Hypotonic – a lower level of solutes than
blood. For example, pure water has less
sodium chloride than blood.
Isotonic – the same level of solutes as blood.
For example, normal saline has the same
concentration of sodium chloride as blood.
Hypertonic – a higher level of solutes than
blood. For example, hypertonic saline has
more sodium chloride than blood.
2. Size of the solutes
Smaller molecules diffuse more easily and quickly
than larger ones. Molecule size is measured by
molecular weight in a unit called Daltons (Da).
3. Temperature
Warm molecules move faster than cold ones.
So, warmer fluids allow faster diffusion. (You’ll
get tea sooner with hot water than with cold.)
Dialysate is kept at a safe temperature to maintain
patients’ comfort and allow faster diffusion.
An ordinary tea bag is
made of porous paper— a
semipermeble membrane.
Tiny holes allow the tea
particles to come out into
the water, but keep the tea
leaves in the bag.
Tea particles
diffuse into
the water
Figure 1: Diffusion through a semipermeable membrane
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Blood in
1. Number and size of pores
A membrane with more pores allows faster diffusion. Larger pores let larger molecules through.
A membrane’s thickness and design also affect the
diffusion rate (see Figure 2).
Used dialysate and excess water
from the patient's body out to drain
2. Surface area
Surface area is the amount of membrane that
touches a fluid. Larger surface areas allow more
diffusion.
3. Flow geometry: How fluids flow
During dialysis, blood flows through the dialyzer
one way. Dialysate flows the other way (see
Figure 3). This countercurrent flow aids diffusion
by keeping a high concentration gradient.
(NOTE: A concurrent flow occurs when blood
and dialysate flow the same way. This makes a
dialyzer about 15% less efficient2, but can be of
use in children to help prevent symptoms from
too-rapid treatments.3)
Surface area
Number and
size of pores
Blood
Internal diameter
190 to 240μ
Wall thickness
Single hollow fiber
Figure 2: Membrane and fiber characteristics
Dialysate in
Direction of blood flow
Direction of dialysate flow
Blood out
Figure 3: Blood and dialysate flow, countercurrent
directions
Osmosis
In diffusion, solutes move. In osmosis, a solvent
(fluid) moves through a semipermeable membrane toward a higher solute concentration.
Movement goes on until the concentrations on
both sides of the membrane are the same.4
An example of osmosis in action is a jar divided
in two by a membrane that lets water—but not
sugar—pass through. Fill one side of the jar with
water. Half of the water will slowly pass through
the membrane until the water level is the same on
both sides of the jar.
We use osmosis to pull water out of a patient’s
blood during dialysis. How? We create an osmotic
pressure gradient—a difference in the solute
concentration on the two sides of a membrane.
Think of the jar. If we dissolve sugar into the water on one side of the membrane, osmotic pressure
will draw water across the membrane to dilute the
sugar water. In time, the water level on the sugar
side will rise above the level on the plain water
side. The more sugar you add, the higher the
osmotic pressure will be, and the higher the sugar
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Semipermeable
membrane
Diffusion is the movement of solutes
from an area of higher concentration to
an area of lower concentration.
Osmosis is the movement of a solvent
across a semipermeable membrane
from a lower concentration of solutes to
a higher concentration of solutes.
Pressure
Ultrafiltration is the removal of
extra fluid through the membrane
using additional pressure.
Figure 4: Diffusion, osmosis, and ultrafiltration
water level will rise. In dialysis, we add solutes
to the dialysate to create osmotic pressure. So
osmosis helps to pull water out of the blood.
Hydraulic pressure—from gravity or a pump—
can reduce or overcome osmotic pressure. This is
the basis for reverse osmosis water treatment. You
will learn more about this in Module 8: Water
Treatment.
A Tip: Diffusion or Osmosis?
Some people find it hard to recall which is
diffusion and which is osmosis. One trick to
keep them straight is to think “H2Osmosis,”
to link water (a solvent) with osmosis—the
way solvents move.
Filtration and
Ultrafiltration
Filtration occurs when fluid is pushed through a
filter by hydraulic pressure.1 Fluid always moves
from a higher pressure to a lower one. The filter
traps any matter that is too large to pass through it.
Ultrafiltration (UF) removes water from the blood
during dialysis by pushing it across a semipermeable membrane (see Figure 4).5
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Convection
Convection is the transfer of heat and solutes by
physical circulation or movement of the parts of a
liquid or gas.
In dialysis, convective transport leads to solvent
drag.6 As a solvent crosses a semipermeable
membrane, it drags smaller solutes along with it.7
Fluid Dynamics
A fluid is a liquid—or gas—that changes shape
at a steady rate when acted upon by a force.
Dynamics explains how fluids behave. In dialysis,
two fluids—blood and dialysate—are pumped
through tubing. We need to know how to predict what happens to each of them.
A number of forces affect the flow of fluid
through tubing:
Flow rate is the amount of fluid that flows
through in a given time (e.g., 10 milliliters
per minute, or mL/min).
Flow velocity is how fast a fluid moves
through a given length of tubing. Velocity is
based on the flow rate and the cross section
size of the tube. So, if the flow rate stays the
same, but the cross section of the tube is cut
in half, flow velocity will double.
Resistance (drag) is how much friction or a
narrow spot in a tube slows the flow.
M o d u l e
Flow in Action
Imagine that one gallon of water must move
through a tube with a one-square-inch cross
section in 1 minute.
If you reduce the cross section of the tube to
1/2 square inch, the fluid must go twice as
fast to move the whole gallon in 1 minute.
Flow velocity would need to double.
If you add a piece of tubing with a
1/2-square-inch cross section to the end of
your first tube, you would lower the flow
velocity and add resistance. The narrowest
part of a tube limits the flow velocity, if all of
the water must pass through it.
When the end of a soaker hose is open,
water can flow through it freely (see Figure
5). There is little resistance, so pressure is
low, and water dribbles out of the holes
slowly. But if you raise the pressure, water
will squirt out of the holes quickly.
The pressure in any fluid system is always a
matter of flow and resistance. The greater
the flow and resistance, the higher the
pressure.
The principle of positive pressure can be illustrated
with an ordinary soaker hose. Positive pressure is
exerted against the sides of the hose as the water
moves through it. Excess water is forced through
the holes.
The same principle is true in the semipermeable
membranes used in dialysis. The amount of fluid
forced or removed through the pores depends
partly upon the amount of pressure pushing the
fluid through the line.
Figure 5: Positive pressure in a soaker hose
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Applying Scientific
Principles to
Dialysis
Patients come to dialysis with wastes and extra
water in their blood. Their electrolytes are often
out of balance as well. The main tasks of dialysis
are to remove wastes and excess water, and to balance electrolytes.
Blood is a solution. Water is the solvent; electrolytes, glucose, and other substances are the
solutes. Blood also contains particles, such as red
and white blood cells, and fibrin, which aids clotting. The principles of fluid dynamics, diffusion,
UF, and osmosis apply to each treatment.
To use the principles, we expose the patient’s
blood (a solution)—to the dialysate (another
solution)—with a semipermeable membrane
between them.
Fluid Compartments
The human body is mostly water. But the water
doesn’t just slosh around loose. It is inside the
cells, tissues, and blood vessels. Each of these
three sites is a “compartment,” or space:
e intracellular space is inside the cells –
Th
about 70% of body water.8
The extracellular space is outside the cells,
which includes:
• The interstitial space (in between cells) –
about 20% of body water.8
• The intravascular space (inside the blood
vessels) – about 10% of body water.8
The body tries to keep equilibrium—the same
level of solutes—in all three spaces all the time.
If the solute levels differ, water and solutes move
from one space to the next until they are the
same. In dialysis, water and solutes can be removed
only from the bloodstream.9
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We use this knowledge to do dialysis. Some
molecules, like urea, are found in the same levels
in all three fluid spaces. Here is what happens
during a treatment:
rea—a small molecule—is quickly removed
U
from the blood.
The blood urea level drops. This forms a
gradient between the blood and fluid in the
interstitial space.
The gradient forces urea to move from the
interstitial space into the blood.
Now, a gradient forms between the interstitial space and fluid inside the cells.
The gradient forces urea to move from inside
the cells into the interstitial space.
Most of the water in our bodies is inside our
cells—and so are most wastes. To be removed by
dialysis, wastes must:
1. Diffuse through cell walls into the interstitial
space.
2. Diffuse through blood vessel walls and into
the bloodstream.
3. Flow into the blood compartment of the
dialyzer.
4. Pass through the dialyzer membrane and
into the dialysate.
It takes time for all of this diffusion to occur.
Meanwhile, osmosis is also going on slowly.
Fluid Dynamics
in Dialysis
When you turn on a dialysis machine and start
a treatment, a blood pump controls the rate of
blood flow from the patient. Blood goes through
the needle—a restriction. The blood pump pulls
blood through the needle, so this pressure is most
often negative, less than zero (see Figure 6). The
higher the blood flow rate or resistance, the lower
the pressure will be.9
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Fluid dynamics change the pressure as blood is
pumped through the tubing and dialyzer, which
make up the extracorporeal (outside of the body)
circuit. When blood passes through the blood
pump, it is pushed against the resistance of:
1. The tubing
2. Tiny hollow fibers (the membrane)
in the dialyzer
3. The venous needle or catheter
This resistance creates positive pressure in the
lines and dialyzer fibers. As blood passes through
them, the pressures change:
The highest positive pressure is in the arterial
header of the dialyzer—where blood enters the
hollow fibers (post-pump arterial pressure).
As blood flows through the hollow fibers, the
pressure drops.
The lowest positive pressure in the blood
path (tubing) is found after blood leaves the
dialyzer.
The average pressure of blood flowing into
and out of the dialyzer fibers is the true
amount of force (positive hydraulic pressure)
that aids UF of water out of the blood.1
On the machine, the pressure difference between
the blood and dialysate sides of the dialyzer controls fluid removal. This difference across (trans)
the membrane is transmembrane pressure (TMP).1
Diffusion in Dialysis
Let’s look at how diffusion works in a dialyzer (see
Figure 7). The hollow fibers are the semipermeable membrane. Blood flows through the insides
of the hollow fibers. Dialysate flows around them
on the outside. Molecules of a certain size pass
back and forth through the membrane, always
from a higher concentration to a lower one.
M o d u l e
Pressure
usually negative
Positive
pressure
A major source of positive
pressure in the extracorporeal circuit is the blood
pump. The pump pushes
the blood into the dialyzer.
The positive pressure
causes fluid to be pushed
through the membrane
into the dialysate.
From patient
3
To dialyzer
Dialysate pressure can be
controlled in the dialysate
compartment with a
pump. Fluid removed
from the dialysate lowers
the dialysate compartment pressure and pulls
additional fluid from the
patient's blood.
Dialysate
compartment
Pressure
Drain
Figure 6: Actions of positive and negative
pressure in dialysis
Wastes from the patient’s blood diffuse through
the membrane and into the dialysate. Used
dialysate goes to a drain, while fresh dialysate
flows in to keep a high concentration gradient.
This gradient allows as much waste as possible to
come out of the blood with each pass through
the dialyzer.
Electrolytes are kept in balance with diffusion,
too. They will move until the level is the same
on both sides of the membrane. We can keep a
low level of an electrolyte in dialysate to remove
any excess—without letting the patient’s blood
level drop too low. Or, we can add an electrolyte,
like potassium, to the dialysate to help bring the
patient’s blood level back to normal.
Diffusion in our bodies goes on all the time—
even with kidney failure. As cleansed blood goes
back to a patient, it slowly dilutes the rest of the
patient’s blood. The drop in the blood solute
level then forms a gradient between the plasma
(liquid part of blood) and fluid inside and in
between the cells.
Each cell has its own membrane. Solutes—like
wastes and electrolytes—slowly diffuse out
through the patient’s cell membranes and into the
bloodstream. From there, they can be dialyzed
off. In this way, some wastes from other body
spaces can be cleared by dialysis.
The slow rate of diffusion is why more than one
pass of blood through the dialyzer is needed to
clear wastes out of the blood—and why longer
treatments remove more wastes. At a blood flow
rate of 300 mL/min, blood only spends about 20
seconds in a dialyzer with each pass.
The nephrologist factors in diffusion when
prescribing a treatment. He or she will choose a
large or small dialyzer, based on the patient’s body
size and the treatment length needed. The only
thing that can’t be chosen is the size of the patient. To get enough treatment in a large patient,
the doctor can increase treatment time and/or
dialyzer size (clearance) to remove more wastes.
Dialysate
Blood
Dialysate
Blood
Hollow fibers
Blood compartment
Dialysate compartment
Blood flows
through hollow
fiber; wastes are
removed with
excess water
Solutes move between
dialysate and blood to
maintain equilibrium
Excess fluid moves
into dialysate
Urea and other
wastes move
into the dialysate
Cleansed blood
is returned to
the patient
Figure 7: Diffusion inside the dialyzer
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Ultrafiltration (UF)
in Dialysis
UF is the use of pressure to force fluid through
a membrane. When we set the UF volume, the
dialysis machine calculates the transmembrane
pressure (TMP) so there is higher pressure in the
blood side than the dialysate side. This TMP
pushes water out of the blood and into the
dialysate.
A dialysis prescription calls for taking off enough
water to bring a patient to an estimated dry weight
(EDW) by the end of the treatment. EDW is the
patient’s “real” weight without any excess water.
To figure out how much water to remove:
S ubtract the patient’s EDW from his or her
predialysis weight.
Add the amount of any fluids the patient
will receive during the treatment.
Convection in Dialysis
As water—a solvent—moves from the blood side
to the dialysate side of the membrane, molecules
of dissolved solute are dragged along too (solvent
drag). This movement of solvent is convection.
The ease with which a solute can be dragged
depends on its size vs. the membrane pore size.
Smaller solutes move easily. Larger ones move
more slowly.
Convective transport of a solute depends on how
porous a membrane is—how many pores it has
and how large they are. The measure of porosity
is the sieving coefficient (SC) of a membrane.10 An
SC of 1.0 means that, in most cases, the membrane could let 100% of a given solute through.
An SC of 0.4 means that just 40% of a solute
would pass; 60% would stay in the blood.
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Osmosis in Dialysis
Osmosis also plays a key role in dialysis. UF pressure pushes fluid out of the blood and into the
dialysate. But osmotic forces decide which way
water will move from one body space to the next.
In dialysis, diffusion lowers the solute level of
the blood. The solute level is then higher in the
cells—which pulls water out of the blood and
into the cells. But, at the same time, dialysis
removes water through UF. The two processes
going on at once mean that rapid drops in blood
volume can occur. If the patient’s blood pressure
drops, he or she may have painful muscle cramps,
headaches, and other symptoms. Blood pressure
drops can also harm the patient’s access.
Some centers still add sodium (salt) to the dialysate so it diffuses into the blood. This draws water
from other body spaces into the blood so it can be
removed by UF. The sodium level is lowered near
the end of a treatment to pull the sodium back out
of the bloodstream.11
Limits of Standard
In-Center HD
People with healthy kidneys have their blood
cleansed of wastes and excess fluid 24 hours a day,
7 days a week. But, most dialysis in the US is done
just three times a week. We remove a large amount
of wastes and water in a short time, which can lead
to severe symptoms from the treatment itself. To
see how wastes build up between treatments on the
typical in-center HD schedule, see Figure 8. Figure
9 shows waste levels for daily HD.
M o d u l e
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Three 240-minute treatments per week
130
BUN (mg/dL)
110
90
70
50
30
Treatment 1
Treatment 3
Treatment 2
NORMAL KIDNEY FUNCTION
10
Figure 8: Modeled BUN variation for three 240-minute treatments per week Calculations courtesy of John Sweeny, 2011.
Seven 103-minute treatments per week
130
BUN (mg/dL)
110
90
70
50
Treatment 1
Treatment 2
Treatment 3
Treatment 4
Treatment 5
Treatment 6
Treatment 7
30
NORMAL KIDNEY FUNCTION
10
Figure 9: Modeled BUN variation for seven 103-minute treatments per week Calculations courtesy of John Sweeny, 2011.
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A patient who does standard in-center HD three
times per week builds up wastes and fluid for
44 hours between treatments. That buildup
is then removed in 3–4 hours. On weekends,
patients build up fluid and wastes for 68 hours.
The rapid changes that go on in a patient’s body
when wastes and fluid are removed so quickly can
cause a host of symptoms during the treatment.
Patients may feel “washed out” for as many as 7
hours after the treatment, too.12
Peritoneal dialysis is done slowly over many hours
each day (or night), which prevents rapid shifts
of wastes and fluid in a patient’s blood. Longer
and/or more frequent HD can reduce these rapid
shifts, too. In nocturnal HD, a patient builds up
wastes and fluid for as little as 16 hours, then
they are gently removed in an 8-hour treatment.
Patients may do nocturnal HD in a center (often
from about 8 pm until about 4 am) or at home.
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Compared to standard in-center HD, longer
and/or more frequent HD offers patients:
ower blood pressure, with fewer blood
L
pressure pills13
Lower phosphorus levels, with fewer
or no binders (especially nocturnal HD)14
Better anemia control, with fewer
erythropoiesis-stimulating agents (ESAs)15
No more “washed out” feeling
after a treatment12
Fewer hospital stays16
Better quality of life17-18
Longer survival15,19-20
Conclusion
When you understand the principles that make
dialysis work, you can see how the treatment can
be tailored to meet the needs of each patient.
What you learn can help you give the best dialysis
to each patient.
M o d u l e
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Abbreviations List
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Acronym
What It Stands For
Meaning
Da
Daltons
Molecular weight measure
EDW
Estimated dry weight
Patient’s weight with no extra water in the blood
ESA
Erythropoietin stimulating agent
Drug that tells bone marrow to make red blood cells
HD
Hemodialysis
Cleaning the blood with a filter
PTH
Parathyroid hormone
Tells the bones to release calcium
SC
Sieving coefficient
% of a solute a membrane will allow to pass
UF
Ultrafiltration
Removal of water in dialysis
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FEATURED PATIENT ARTWORK &raquo;
Edgar Herrera
I was born with small kidneys, but I wasn’t diagnosed with kidney disease until I was 22. It took me by
surprise. At first I didn’t notice side effects, but I started to feel heavier. I was put on dialysis right away
to avoid bigger damage. It changed my daily routine, my diet, my life. I feel dialysis care techs are my
second family because they tell me things to do to make my life better. They also told me I needed a
kidney transplant and I am on the waiting list. Dialysis patients are people who need special care.
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Objectives
Hemodialysis Devices
After you complete this module, you will be able to:
1. Describe how dialyzers are made.
2. Explain why two concentrates are used to make dialysate.
3. List three basic functions of the dialysis delivery system.
4. Explain how the air detector and blood leak detector work.
5. Name five parts of the extracorporeal blood circuit.
6. Explain the steps to protect patient safety when dialysate is made.
A list of the abbreviations used can be found at the end of the module.
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M o d u l e
Introduction
Each dialyzer has a blood and a dialysate
compartment (space):
Healthy kidneys help to keep the constant climate
inside the body that we call homeostasis. Dialysis
can’t do all that healthy kidneys do. But it can
remove wastes and excess water, and help keep
electrolytes and pH (acid and base balance) at
levels that keep patients alive.
This module covers the HD devices you will learn
how to use and monitor:
Dialyzers
Dialysate
Alarms
Delivery systems (dialysis machines)
Dialysis today is safer than ever before. Better
dialyzers can now remove more wastes. Dialysis
machines check each treatment and display what
is going on as it happens. All of this means that
you can focus more of your time on patients.
Trained staff who know how dialysis works, know
the equipment, and follow procedures have the
best chance of keeping patients safe.
Dialysate in
4
e blood compartment is the inside of the
Th
hollow fibers
The dialysate compartment is around the
outside of the fibers
Dialyzer Design
Today, hollow fiber dialyzers are the only ones in
use (see Figure 1). At each end of the tube housing the fibers, a polyurethane “potting” material
header holds the fibers open. The headers let
blood enter and leave the fibers.1 Hollow fiber
dialyzers fit a large surface area into a compact,
sturdy housing.
Blood enters the dialyzer at the top, flows through
each fiber, and leaves at the bottom. Dialysate
flows around the fibers from bottom to top, in a
countercurrent flow (see Figure 2).
Blood in
Dialysate out
Used dialysate and excess water
from the patient's body out to drain
Fibers
Blood back
to the patient
Each bloodfilled fiber is
surrounded by
dialysate
Blood flow
from patient
Figure 1: Dialyzer
Dialyzers
Dialysate in
Direction of blood flow
Direction of dialysate flow
How They Work
The dialyzer semipermeable membrane—thousands of hollow fibers each thinner than a hair—
is housed in a plastic case. The case holds the
dialyzer together and has ports for blood and
dialysate to flow in and out.
Blood out
Figure 2: Blood and dialysate flow, countercurrent directions
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Hemodialysis Devices
Dialyzer
Characteristics
How a dialyzer is made can affect the patient’s
comfort, safety, and how well a treatment removes wastes and excess water. In this section,
we will look at:
Biocompatibility – how much a membrane is
like the human body
Membrane surface area – how large the membrane is
Molecular weight cutoff – the solute size that
can pass through the membrane
Ultrafiltration coefficient – how much water
will be removed
Mass transfer coefficient – how well a solute
will pass through the membrane
Clearance – the rate of solute removal
Biocompatibility
Something that is biocompatible will not trigger a
response from the body’s immune system.2 When
blood touches a foreign substance, immune cells
rush to defend the body. This response is meant
to help us, but it can cause harm. The blood may
clot to prevent blood loss but this can cut off
blood flow. Or, an allergy may occur.
All dialyzers are made of foreign substances. They
all react to some degree with immune cells in patients’ blood. These effects may be so subtle that
patients do not notice them. They may cause minor symptoms during a treatment. Or, rare but
severe allergies (anaphylaxis) can occur that could
lead to death.2 It is vital to use a membrane the
patient can tolerate.
We can test a membrane against a patient’s blood.
The body releases certain proteins and chemicals
when blood meets a foreign substance. Their
levels can tell the doctor how biocompatible a
membrane is for that patient.2
How well a membrane adsorbs (attracts and
holds) proteins is key to whether it is biocompatible. Adsorbed proteins coat the inside of
each fiber so blood touches the protein—not the
“foreign” membrane.
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Membranes are either:
Synthetic (man-made)
Modified cellulose (containing cellulose,
a plant fiber)
Most synthetic membranes are more biocompatible than cellulose membranes. Their fibers are
hydrophobic (repel water). This makes them better able to adsorb blood proteins.2
Surface Area
Surface area is key to how well a dialyzer removes
solutes. If all else stays the same, dialyzers with
more surface area expose more blood to dialysate.
This means we can remove more solutes. Total
dialyzer surface area can range from 0.5–2.5
square meters.
Molecular Weight Cutoff
Molecular weight cutoff is the largest molecule that
can pass through a membrane (see Figure 3). It is
measured in daltons (Da). Larger molecules have
higher molecular weights. Smaller molecules
have lower ones (see Table 1). Doctors choose
membranes that will remove certain molecules
from the blood.
Table 1: Molecular weights
Molecule
Molecular Weight (Da)
Albumin
Calcium (Ca++)
Creatinine
Nitric Oxide (NO3-)
Phosphate (PO42-)
Urea
Water (H20)
Zinc (Zn2+)
66,000
40
113
62
94.9
60
18
65.3
Ultrafiltration (UF)
Coefficients
Dialyzers differ in how much water they can remove,
which is UF. The unit we use to measure UF is the
UF coefficient (Kuf). Dialyzer makers list a Kuf for
each model of dialyzer. (See Appendix for a sample
dialyzer spec sheet that shows Kuf.) Kuf determines
the amount of water that will pass through a
membrane in one hour at a given pressure.2
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* See page 90 for a
definition of sieving
coefficient
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Figure 3: Comparison of dialyzer sieving coefficients
The Kuf helps you predict how much water will
be removed from the patient during a treatment.
A dialyzer with a Kuf of 10 removes 10 mL of
water per hour for each millimeter of mercury
(mmHg) of transmembrane pressure (TMP). This
is stated as mL/mmHg/hr. Here’s an example:
e patient is using a dialyzer with a
Th
Kuf of 10.
The dialysis machine’s TMP reads
100 mmHg.
The patient would lose 1,000 mL of water
per hour of treatment (10 mL/hr/mmHg x
100 mmHg = 1,000 mL/hr).
Quick Review of Transmembrane Pressure (TMP)
The dialysis machine varies the pressure to
control the ultrafiltration rate (UFR) and
how much water is removed. High pressure
in the blood compartment forces water out
of the blood. The average pressure difference across the membrane (blood side minus
dialysate side pressure) is TMP.
Mass Transfer Coefficient
Ko (membrane clearance) x A (surface area) =
KoA, or mass transfer coefficient.2 KoA measures how well a given solute will pass through a
membrane. It is the highest possible clearance of
that solute through a membrane at certain blood
and dialysate flow rates. A higher KoA means a
more permeable membrane. (See Appendix for a
sample dialyzer spec sheet that shows KoA.)
A KoA can be used with any blood and dialysate
flow rates to estimate how well a membrane will
clear a certain solute. The most common KoA
we use is the one for urea. To learn more, read
the section on measuring dialyzer effectiveness
(see page 92).
Clearance
Dialyzers vary in how well they remove solutes
from the blood. The amount of blood that can
be cleared of a solute in a given time is clearance
(K).2 Dialyzer makers give clearance rates for
molecules at certain blood and dialysate flow
rates.
There are three main ways to remove solutes that
affect a dialyzer’s clearance:
1. Diffusion
2. Convection
3. Adsorption
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Diffusion
In dialysis, most solutes are removed by diffusion.
Diffusion is the best way to remove small—low
molecular weight—solutes. The diffusion rate
depends on:1
lood and dialysate flow rates
B
Membrane surface area and thickness
Number of pores
Solution temperature
Membrane resistance
Concentration gradient
Size, weight, and charge of the solutes
A Quick Review of Diffusion
Diffusion is the movement of solutes across
a semipermeable membrane from a greater
concentration to a lesser one, until both
sides are equal.
Convection
Convection, or solvent drag, is the best way to
remove large solutes.3 Some solutes are dragged
across the membrane in their solvent by UF.
Hemofiltration and hemodiafiltration rely on
convection. HD, as done in the US, uses only a
small amount of convection.
A sieving coefficient (see Figure 3) is used to
predict how much solute will be removed by convection. A sieving coefficient of 0.5 for a solute
means 50% of that solute in the blood will pass
through the membrane. The rest will be adsorbed
or rejected by the membrane.
Convective clearance depends on:3
olecular weight cutoff of the membrane
M
Membrane surface area
Ultrafiltration rate (UFR)
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A Quick Review
of Convection
When water crosses a semipermeable
membrane, some solutes are pulled along
with it. This is convection, or solvent drag.3
Adsorption
Adsorption, as you’ve learned, is when proteins
stick to the membrane. All dialyzers adsorb to
some extent; often small proteins. Synthetic
membranes adsorb more than cellulose ones.
Adsorption in dialysis has pros and cons. It
is useful because the protein keeps the foreign
membrane away from the blood. But, protein on
the membrane may also prevent some diffusion
(and convection). Highly adsorptive membranes
may not work as well when they are reprocessed
many times. Testing reused dialyzers, as we do,
for their total cell volume may not reveal this
problem. Total cell volume is not a direct measure of changes in solute transport.4
How well a dialyzer adsorbs depends on:
hat the membrane is made of
W
Surface area
How much protein has been adsorbed
Membrane Materials
Like a nephron in a kidney, a dialyzer membrane
is selective. It allows only certain solutes and
water to pass through. Large substances, like
protein and blood cells, won’t fit through the
small pores.
A membrane’s material and clearance will affect
how it works (see Figure 4).
What a membrane is made of can affect diffusion
and UF. The material can also affect the efficiency
of the treatment and the patient’s comfort.
M o d u l e
Surface area
Number and
size of pores
4
They use convection, diffusion, and adsorption
to remove solutes. These membranes do a good
job with solutes up to 15,000 Da, so they clear
β2M (11,800 Da) to some extent. Biocompatibility ranges from good to very good.2
Synthetic Membranes
Internal diameter
190 to 240μ
Blood
Wall thickness
Synthetic membranes are made from these
polymers (long strings of plastic):2
olycarbonate
P
Polyacrylonitrile (PAN)
Polysulfone (PSF)
Polyethersulfone (PES)
Polymethylmethacrylate (PMMA)
Solutes are removed by diffusion, adsorption,
and a bit of convection. Clearance of solutes
depends mainly on UF rates.
Figure 4: Membrane and fiber characteristics
affecting solute transport
Cellulose Membranes
Early dialyzer membranes were made from cellulose, a plant fiber. These membranes were thin
and strong, but they were not biocompatible.
Experts were concerned that the dialyzer membranes were causing poor clinical outcomes.2
This type of membrane is no longer in use.
Modified Cellulose
Membranes
Synthetic membranes do a good job of removing solutes up to 15,000 Da, so they clear some
β2M (11,800 Da). Their biocompatibility
is very good. They are highly adsorptive, so
they can quickly keep the blood from touching
the membrane.2
Dialyzer membranes have improved over time.
Today, they are more consistent and tightly
controlled. This means we can better control
diffusion and solute removal. With better
membranes—like high-flux membranes—
came the need for more control over UF.
Volumetrically controlled machines came on
the market in the early 1980s.
Starting in the 1970’s, cellulose membranes
were chemically changed (some of the hydroxyl
groups were replaced with other molecules).
These changes made the membranes more biocompatible.2 To avoid confusion, they are called
“modified cellulose membranes.”
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Measuring
Dialyzer
Effectiveness
We check how well a dialyzer works by testing its
clearance (K). Clearance is the amount of blood
(in mL) that is completely cleared of a certain solute
in one minute of treatment at a given blood flow
rate (Qb) and dialysate flow rate (Qd).5
Let’s say a dialyzer has a urea clearance of 250
mL/min at a Qb of 300 mL. It should clear
all of the urea from 250 mL of blood in one
minute. But, at Qb of 300 mL, blood leaving the
dialyzer would be only 83% cleared of urea [250
mL/min per 300 mL/min, or 83% (250/300)].
During a treatment, the patient’s blood goes
through the dialyzer many times. More urea is
removed with each pass.
The dialyzer’s surface area is fixed. This means
that Qb or Qd must be raised to improve clearance. Qb always limits clearance, since blood can
only flow so quickly out of the patient’s access.
A higher Qd improves clearance, too; how much
depends on how large and permeable the membrane is. Qd is most often 500 mL/min. If Qb
is at least 350 mL/min, increasing Qd to
800 mL/min will increase urea clearance
by about 14%.6
Dialyzer Clearance
Manufacturers test dialyzers in a lab (in vitro).
They use watery fluids that are thinner than
blood. When we measure during real-life use on
patients, real clearance can differ from the stated
values by10–27%.6 Urea—a small solute—is
most often used to test the dialyzer.
Clearance of a solute is checked by drawing
samples of a patient’s blood going into and out of
the dialyzer. Once you know the solute level of
the blood, you can find the real clearance.
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Purpose of Dialysate
During a treatment, the patient’s blood is on one
side of the membrane. Dialysate is on the other
side. Dialysate helps remove wastes and excess
electrolytes from the patient’s blood. It can also
replace some substances the patient needs, like
calcium and bicarbonate, the latter to help keep
the right pH balance.
Patients’ blood has high levels of wastes and
excess water. Dialysate is prescribed to have
desired levels of solutes the patient needs and
none of the ones that must be removed. In
this way, wastes leave the blood, but desired
solutes stay. Some solutes are added to dialysate
in amounts that can cause them to enter the
patient’s blood. Most often these are sodium,
bicarbonate, and chloride.
The osmolality (total solute level) of dialysate must
closely match the blood. This keeps too much
water from moving across the membrane.
What is in Dialysate
The doctor prescribes the dialysate. Dialysate
starts out as two salt concentrates: acid and bicarbonate (see Figure 5).
Acid concentrate has precise amounts of
sodium chloride, potassium chloride, magnesium chloride, calcium chloride, glucose,
and an acidifier (often acetic or citric acid).
The acidifier is added to lower the pH of the
final dialysate.
Bicarbonate concentrate has sodium bicarbonate and, in some cases, sodium chloride.
M o d u l e
We dilute the two concentrates with precise
amounts of treated water to make the final
dialysate. The concentrates come in a number
of different formulas. We must take great care
to match the right acid and bicarb concentrates.
The Association for the Advancement of Medical
Instrumentation (AAMI) has standard symbols to
help you find and use the right concentrates. A
machine set up for a 45X concentrate must only
use that concentrate, which has a triangle or 45X
on the label. You can see these symbols in the
left-hand column of Table 2.
4
Table 3: Typical range of substances in dialysate
Substance
Concentration in Dialysate
Sodium
Potassium
139–144 mEq/L
1.0 or 2.0 mEq/L
Magnesium
0.5–1.0 mEq/L
Calcium
2.5–3.5 mEq/L
Chloride
100–105 mEq/L
Glucose
100–200 mg/dL
Bicarbonate
33–38 mEq/L
Acetate
2.4–4 mEq/L*
Citrate
2.4 mEq/L*
*When acetic or citric acid is used to acidify the acid concentrate
Table 2: Concentrate proportioning ratios
Parts Dialysate
Parts Acid
Parts Bicarb
36.83X
1.00
1.83
34.00
45X
1.00
1.72
42.28
35X
1.00
1.225
32.775
36.1X
1.00
1.10
34.00
Sodium
Potassium
Parts Water
Magnesium
Calcium
Chloride
Glucose
Bicarbonate
Acidifier*
Treated water
Table adapted with permission from AAMI7
Concentrates for hemodialysis and related therapies. Table 2 ANSI/AAMI/ISO 13958:2009
*Acetic or citric acid
A Quick Review
of Electrolytes
We need precise levels of electrolytes, like
sodium and potassium, on each side of our
cell membranes to allow nerve signals and
other cell functions.
When both concentrates are mixed with the right
amount of water, they will have the right level of
electrolytes for the patient (see Table 3). During
mixing, some bicarbonate will react with acetic
acid in the acid concentrate to form acetate ions
and carbon dioxide (CO2). The reaction helps
make the bicarbonate dialysate more stable.
And, it helps balance CO2 in the dialysate with
CO2 in the patient’s blood.
Figure 5: Dialysate contents
Sodium (Na+)
Sodium is a major electrolyte of the blood plasma
and interstitial (between the cells) water. In the
body, it causes water to move across cell membranes. In this way, water shifts from inside cells,
to in between cells, to the bloodstream. Water
and solutes must be in the blood to be removed
by dialysis.
The normal sodium range in the blood is from
135–147 mEq/L.8 Sodium in dialysate is most
often kept between 139–144 mEq/L.9 Higher
levels are sometimes used. If so, a careful patient
assessment and a doctor’s prescription are needed.
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Dialysate machines can change the dialysate
sodium level during a treatment. A doctor’s
prescription is needed. The practice is called
sodium modeling. Most often, a patient may start
a treatment at a high sodium level, which is then
slowly reduced.
While the dialysate sodium level is high, more
sodium diffuses across the membrane. The blood
sodium level rises. Excess water from inside and
between cells shifts into the bloodstream. When
water is in the bloodstream, we can remove it
during dialysis, with ultrafiltration (UF).
Sodium modeling helps some patients handle
more UF with fewer symptoms. It can help
control blood pressure and water removal. But,
if the UFR is higher than patients’ capillary
refill rate, their blood pressure will drop. The
capillary refill rate is the length of time it takes
for water between cells to move back into and
refill the bloodstream. The capillary refill rate
is about 400 mL/hr.10 So, if the UFR is higher
than 400 mL/hr, the patient’s blood pressure
may drop.
Sodium modeling can also cause thirst, weight
gain, and high blood pressure between dialysis
treatments.11 Many clinics no longer use it for
these reasons.
Potassium (K+)
Potassium is a major electrolyte inside cells.
The body keeps precise amounts on both sides of
cell membranes to send nerve signals. We add
potassium to dialysate to bring the patient to a
normal plasma level: from 3.5–5.0 mEq/L.8
Potassium in dialysate is most often fixed at
1 or 2 mEq/L.9
Magnesium (Mg )
++
Magnesium is vital to the nerves and muscles. It
also triggers enzymes that are key to carbohydrate
use. Magnesium is found in the plasma at levels
from 1.3–2.2 mEq/L.8 The magnesium range in
dialysate is 0.5–1.0 mEq/L.9
94
Calcium (Ca++)
Calcium is found in the body both inside and
outside of the cells. It builds bones and teeth,
helps muscles move, aids blood clotting, and
helps send nerve signals. The normal range in
blood plasma is 8.6–10.3 mg/dL (4.4–5.1 mg/dL
when ionized).8 Dialysate calcium is most often
in the range from 2.5–3.5 mEq/L.9
We may use the lower range if:
Patients take calcium-based
phosphate binders
Patients take active vitamin D
Both of these meds can raise serum calcium
levels. Patients whose predialysis calcium levels
are quite high or low may have their dialysate
calcium changed by a doctor.
Chloride (Cl–)
The level of chloride in dialysate depends on the
contents of chemicals such as sodium chloride,
potassium chloride, magnesium chloride, and
calcium chloride. Dialysate chloride ranges from
100–105 mEq/L.1 Normal plasma chloride levels
are 95–110 mEq/L.8
Glucose (C6H12O6)
Glucose in dialysate can prevent loss of blood
glucose and reduce catabolism (muscle breakdown).
Glucose calories can help patients who have diabetes or are malnourished. When present, dialysate
glucose levels may range from 100–200 mg/dL.12-13
Normal fasting blood glucose levels are (65–115
mg/dL).8 Glucose can also give dialysate an osmotic
(water-pulling) effect that aids UF.
Bicarbonate (HCO3–)
We need bicarbonate to neutralize acids that form
when cells use proteins and other foods for fuel.
Bicarbonate is a buffer—a substance that helps
keep a constant pH in a solution, even when an
acid or base is added.
Healthy kidneys keep the body’s pH within the
limits cells need to live. They do this by making
and helping control bicarbonate.
M o d u l e
People with kidney failure can’t get rid of enough
acid in their urine. They are in a constant state of
metabolic acidosis (too much acid in the blood).
We add bicarbonate to dialysate to help maintain patients’ pH. The amount depends on the
patient, usually in the range of 33–38 mEq/L.9
Bicarbonate can help some problems like low
blood pressure, muscle cramps, nausea, and
fatigue after treatment.
Acetate (CH3COO–)
Acetate forms when acetic acid in the acid
concentrate reacts with bicarbonate in the bicarb
concentrate. Acetate is most often in the range of
2.4–4 mEq/L in the final dialysate.14 Some of it
will diffuse into the patient’s bloodstream and the
liver will turn it back into bicarbonate.
NOTE: Always double check the bicarb setting
on the dialysis machine. If sodium diacetate is
used as an acid, the patient's bicarb level could
rise if care is not taken. You will enter a bicarb
setting into the machine. This might not account
for the extra bicarb formed by the patient's liver
from sodium acetate in this type of dialysate. Ask
a nurse or the prescribing doctor what the bicarb
setting should be.
Citrate (HC6H5O72– or H2C6H5O7–)
Citric acid may be used as an acid in the acid
concentrate. Citrate forms when citric acid in
the acid concentrate reacts with bicarbonate.
Citrate is most often in the range of 2.4 mEq/L
in the final dialysate.14 Citrate dialysate can help
reduce dialyzer clotting and lower the patient's
heparin dose. It can also make treatment more
efficient, and allow more reuses of a dialyzer.
Citrate dialysate may slightly lower the patient’s
plasma ionized calcium level.15
4
test this with conductivity (how easily a fluid will
conduct an electrical current).
Hemodialysis
Delivery Systems
The delivery system is the machine that supplies
dialysate to the dialyzer and sends it to the drain
once it has been used. Today’s delivery systems:
ix and monitor dialysate
M
Pump and monitor the patient’s blood
Have alarms to protect patient safety
Purpose
A delivery system is an HD machine. It mixes and
delivers dialysate, pumps blood, and monitors
systems to ensure a safe treatment (see Figure 6).
Most delivery systems check patient and machine
safety. These include:
lood flow
B
Dialysate flow
Dialysate temperature
Conductivity
Venous and arterial pressure
Blood leaks into the dialysate
Patient blood pressure
Dialyzer clearance
The delivery system has two major subsystems:
e dialysate delivery system
Th
The extracorporeal blood circuit
We’ll cover each one and its parts.
Testing for Electrolytes
Except for glucose, the chemicals in dialysate are
all electrolytes. Electrolytes break apart in water
to form ions (particles with a positive or negative
electrical charge). Dialysate electrolytes must
be kept in strict limits to keep patients safe. We
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Dialysate
Delivery System
A dialysate delivery system controls the water,
bicarbonate, and acid concentrate for dialysate.
It checks the conductivity, temperature, pH,
flow rate, and pressure of dialysate and tests
it for blood.
Dialog+
Concentrates reach the machine in one of
three ways:
1. Prepared liquid concentrate in single “carboy” jugs is connected to concentrate input
lines on the machine.
2. Prepared liquid concentrate comes from a
central concentrate delivery system with
delivery ports near each station. We connect
the concentrate input line to a concentrate
port at the station.
3. Dry concentrates may be used. In this case,
a container of dialysate powder is mounted
on the machine. A hydraulic path adds water into the container to make a liquid, then
draws off the new concentrate to be made
into dialysate.
Proportioning systems can make dialysate in one
of two ways. Both rely on a continuous supply of
fresh concentrate and treated water:
Figure 6: Examples of hemodialysis delivery systems
Drawings adapted with permission from Fresenius Medical Care – North
America and B. Braun Medical, Inc
The Proportioning
System
In a proportioning system, dialysate is made by
mixing fresh concentrate (bicarb and acid) with
fixed amounts of treated water. The pumps built
into the delivery system control the mixing. The
exact amount of water and concentrates is set on
the machine. Your clinic’s policies and procedures
decide what the settings will be.
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1. Fixed ratio pumps. Diaphragm or piston
pumps bring set volumes of concentrate and
water to a mixing chamber.
2. Servo-controlled mechanisms. Conductivity sensors check the total ion level of the
mixture. Electronic circuits compare the
conductivity to what the doctor prescribes.
The circuits adjust as needed. Once mixed,
the dialysate is checked for conductivity,
temperature, pressure, and flow rate.
Once dialysate leaves the dialyzer, it flows
through a blood leak detector. Blood in the
dialysate could mean a tear in the membrane.
So, blood leak detectors are often treated as extracorporeal (outside the body) alarms, even though
they check the dialysate. Used dialysate is sent
down a drain.
M o d u l e
Conductivity
sensor &amp; meter
Open valve
Deaerator
Closed valve
Meter
4
Temperature
Proportioning
pump
Heater
Dialysate
Treated water
Gauge
Concentrate
Pressure
Pump
Heater
Dialyzer clearance monitor
To drain
Flow meter
Ultrafiltration
pump
Blood leak
detector
Blood
in
Dialyzer
Blood
out
Flow
meter
Throttle
valve
Bypass
Figure 7: Single-patient dialysate delivery system
The Monitoring
System
Using the wrong dialysate can make a dialysis
treatment less effective. This mistake may
cause a patient to become sick or even to die.
Dialysate must be checked throughout each
treatment to make sure it is the right concentration, temperature, and flow rate. Some delivery
systems also check the pH.
Conductivity
The dialysate proportioning system tests the conductivity of the dialysate. A pair of electrodes or
a sensor cell are placed in the dialysate. The machine applies a charge and measures the current.
This tells us the total ion level of the dialysate.
For safety, most HD machines have two or more
conductivity alarms. Each has its own sensors
and circuits. One sensor tests the mixture of the
first concentrate (most often acid) with water.
A second one tests the final dialysate.
Some machines use conductivity sensors to make
dialysate. These have an extra set of sensors to
check the mixtures. This redundant monitoring
is used so two sensors would have to fail before a
patient could be harmed.
Conductivity is most often checked at two points:
1. Dialysate mixing
2. Before dialysate enters the dialyzer
On the machines at your clinic, it may be stated
as one of these units:
icromhos/cm or μMho/cm – 1/1,000,000
M
of a Mho/cm
Millimhos/cm or mMho/cm – 1/1,000 of a
Mho/cm
Microsiemens/cm or μS/cm – 1/1,000,000
of a siemens/cm
Millisiemens/cm or mS/cm – 1/1,000 of a
siemens/cm
The Mho is an American unit of measure.
The siemen is an international unit. The two
units have unity (the same value). So, a dialysate
with a 14.1 mMho/cm conductivity is equal to
14.1 mS/cm.
Most dialysate delivery systems have preset conductivity limits. When the dialysate is outside
the limits, it triggers a conductivity monitoring
circuit. The circuit stops the flow of dialysate to the
dialyzer and shunts it to the drain. This is called
bypass. Bypass keeps the wrong dialysate from
reaching the patient. The circuit also sets off
noise and light alarms to alert the staff.
97
Hemodialysis Devices
Low conductivity alarms are the most frequent
type. The most common cause is a lack of
concentrate in one or both of the jugs. A high
conductivity alarm is most often due to:
oor water flow to the proportioning system
P
Untreated incoming water
Use of the wrong concentrate(s)
Before each treatment, check the conductivity
alarm to be sure it is working. And, check the
machine readings against a separate meter. You
must always have enough of both concentrates in
the system for a whole treatment.
Temperature
Too hot dialysate can cause a patient’s red blood
cells to burst (hemolysis). When dialysate is too
cool, the patient will feel cold and less diffusion
will occur. When dialysate is too warm (over
42&deg;C), protein can start to break down—
including red blood cells. Dialysate is kept in
the range of 35–38&deg;C (95.0–100.4&deg;F).16
Water must be heated to a certain temperature
before it is mixed with the concentrates. Some
systems use a heat exchanger placed before the
heater to save energy. Used dialysate transfers
its heat to the incoming cold water. This warms
the water a bit before it enters the heater. Most
systems use a heater controlled by a thermistor, a
type of thermostat.
To be sure the temperature is safe for the patient,
a monitor is placed in the dialysate path before
the dialyzer. This monitor is independent of the
heater control thermistor.
If the dialysate is too hot or cold, a circuit sets off
noise and light alarms. The circuit also triggers
bypass to shunt dialysate to a drain.
Check the dialysate temperature alarm before
each treatment to be sure it works.
Flow Rate
A flow pump controls the rate that dialysate
flows to the dialyzer. The patient’s nephrologist
prescribes the rate. Higher dialysate flow rates
improve dialyzer efficiency—up to about
800 mL/min.17
Dialysate flow rates range from 0–1,000 mL/min.
Some systems have flow meters that display the
flow rate on a gauge or digital display. Others do
not display flow rate at all.
Newer dialysis machines may have an automatic
flow option that allows the dialysate flow rate to
be automatically set.
Dialysate flow rate noise and light alarms may
be set off by:
ow water pressure
L
Dialysate pump failure
A blockage in the dialysate flow path
A flow rate that is not what was requested
Blood Leak Detector
Dialyzer membranes are fragile and can tear,
letting blood and dialysate mix. If this occurs:
e patient could have major blood loss
Th
Blood could be contaminated by the
non-sterile dialysate
A blood leak detector is used to check for blood
in the used dialysate (see Figure 8). The detector
can sense very small amounts of blood, less than
can be seen with the naked eye.
The blood leak detector shines a light through the
used dialysate and onto a photocell or photoresistor. Since dialysate is clear, the light can pass
through. Even a tiny amount of blood will break
the light beam. The detector will sense such a
break and trigger noise and light alarms.
When a blood leak alarm occurs, the blood pump
stops. The venous line clamps to prevent more
blood loss. In some systems, a bypass mode
shunts dialysate to the drain. This reduces
negative pressure so blood is not pulled through
the membrane tear and into the dialysate.
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Use a Hemastix&reg; strip that reacts to blood to
check the extent of the leak. Use the strip to test
where the dialysate leaves the dialyzer:
I f blood or pink color can be seen in the
dialysate path, there is a major leak
Clear dialysate and a positive Hemastix test
suggest a minor leak
Clear dialysate and a negative Hemastix test
mean a false alarm
Follow your clinic’s procedures for a blood leak to
stop the treatment without returning the
patient’s blood. Since the blood could be
contaminated, you don’t want it to reach the
patient: it could cause an infection. The blood
leak detector is most often preset by the maker.
You may be able to override the alarm for a short
time to troubleshoot the alarm.18
pH
pH is a measure of how acidic or alkaline (basic)
a solution is. The pH of a liquid is based on how
many acid (hydronium) ions or base (hydroxyl)
ions it contains. A solution with:
n equal number of acid and base ions
A
is neutral and has a pH value of 7.0
More acid ions is acidic and the pH
will be &lt;7.0
More base ions is alkaline and the pH
will be &gt;7.0
Bleach (sodium hypochlorite) is alkaline, with
a pH of 11.0. White vinegar is an acid, with a
pH of 2.9. The pH of blood is normally about
7.35–7.45, a weak base. Dialysate must have a
pH close to blood so it does not change the blood
pH. The range of dialysate pH is most often
from 7.0–7.4.
Some delivery systems monitor pH throughout
the treatment. Whether or not there is a pH
monitor, at the start of each treatment, you must
test to be sure the dialysate pH is in a safe range:
e most accurate pH measure uses a pH
Th
electrode, which puts out a small voltage
when placed in a solution. The voltage is
read by a detection circuit that converts the
signal into a pH value and displays it.
Test strips that change color can also be used
to measure pH.
Either way, you must have test fluids with known
pH levels on hand to check that the meter or
strips are correct.
Bypass Mode
A high/low conductivity, high/low pH, high/low
temperature, or blood leak alarm can trigger
the delivery system to switch into bypass mode.
Check the delivery system before each treatment
to be sure that the bypass mode works properly
for all dialysate alarm conditions.
Pyrogen Filters
Dialysate in
Light bulb
Photoelectric cell
Dialysate out
4
Pyrogens are parts of bacteria that can cause fever
in patients. Pyrogen filters are a machine option
that can help keep bacteria out of the dialysate
path. After the proportioning system, dialysate
flows through the filter. Bacteria and endotoxin
(toxins in the cell walls of dead bacteria) are too
big to pass through. Pyrogen filters are changed
based on hours of use or time spans.
If the light beam is interrrupted by blood, an alarm
will sound and the blood pump will stop
Figure 8: Photoelectric blood leak detector
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Dialyzer Clearance
Some dialysis machines can monitor how well the
dialyzer removes wastes. This allows the clinician to adjust the treatment to reach the patient’s
prescription. Three systems on the market right
now can do this:
1. Fresenius Medical Care makes a monitor that
checks a dialyzer’s sodium clearance. (This is
much like the urea clearance.) Every 30 minutes during a dialysis treatment, the dialysate
sodium level is changed (for a very short time)
before it enters the dialyzer. The dialysate is
tested as it goes into the dialyzer and after it
comes out. The change in conductivity can tell
us the sodium clearance rate.19 An optional
blood volume monitor has an optical sensor.
Light passes through the blood. The change in
density tells us how much hemoconcentration
(drop in blood water content) occurs as water
is removed from the patient.
2. B Braun makes a system that uses a light-emitting diode (LED). The LED shines ultraviolet (UV) light through dialysate as it leaves
the dialyzer. A sensor across from the LED
measures the strength of the light. Wastes that
cross the membrane scatter the UV light and
make it weaker. A weaker light means more
wastes in the dialysate.20
3. Gambro machines test the conductivity of
dialysate before and after the dialyzer. The
difference between the two levels lets the
machine calculate urea clearance.19
Ultrafiltration Control
Ultrafiltration
Taking excess water out of the blood (ultrafiltration, or UF) is a key part of dialysis. UF occurs
when pressure on the blood side of the membrane
is higher (more positive) than on the dialysate
side. This pushes water in the blood across the
membrane to the dialysate side. The difference
between these pressures (the pressure gradient)
is transmembrane pressure (TMP).
TMP and Dialysate Pressure
The TMP governs how much water is forced
across the membrane. In the past, a technician
or nurse had to set a total water loss goal for each
patient and calculate an hourly ultrafiltration rate
(UFR) by hand with an equation.
Today, the UF control sets the UFR using its UF
pump and a fluid balancing system. This creates a dialysate pressure which is used, with the
venous pressure, to calculate a TMP. The TMP
is shown on a screen so you can see what is going
on in the dialyzer. All you need to enter is the
desired water removal amount (in mL) and the
treatment time.
UF Control Systems
The dialysis machine removes water from the
patient and measures it with one of two types of
UF control:
1. Most HD machines today use a volumetric
system (see Figure 9). Two chambers fill and
drain to control the volume of dialysate to
and from the dialyzer.
2. A flow control machine uses sensors to
control the flow rate of the dialysate.
Each of these types is covered in more detail in
the next section.
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and temperature
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Dialyzer
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Used
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Blood leak
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Dialysate
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Air
Unused path this cycle
Open valve
Closed valve
Flow pump 2
Flow pump 1
Figure 9: Volumetric UF control system
Volumetric UF Control
Volumetric UF control systems have balancing
chambers. Here’s how they work:
ere are two chambers with identical
Th
fixed volumes.
Each chamber is divided in half by a
flexible diaphragm.
Both sides of each chamber have an
inlet and an outlet.
One side of each chamber is in the “to
dialyzer” or fresh dialysate flow path.
The other side is in the “from dialyzer”
or used dialysate flow path.
Valves on each inlet and outlet open and
close. As fluid enters on one side of the
chamber, it pushes on the diaphragm to
force fluid out on the other side.
UF pump
Drain
ne chamber is “on-line” with the dialyzers.
O
The other “off-line” chamber is refilling
with fresh dialysate and purging spent
dialysate to the drain.
The two chambers take turns being
on-line and off-line.
The timing of the valves’ opening and
closing are synced for a continuous flow
of dialysate to and from the dialyzer.
One pump pushes fresh dialysate to the balance
chambers. A second pump pushes used dialysate
to the balance chambers. Dialysate from the
“on-line” chamber moves to and from the dialyzer
in a closed loop. The same volume of dialysate
comes in and goes out, since the volume on one
side of the balance chamber displaces the same
volume on the other side. So, the flow to and
from the dialyzer is balanced.
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A UF pump then removes water from the closed
loop through the dialyzer membrane. Most UF
pumps are diaphragms or pistons, and they are
most often placed in the used dialysate flow path.
Removing water from the closed loop creates a
relative negative pressure in the dialysate side of
the dialyzer versus the blood side. This forms the
pressure gradient we need for UF. Each pump
stroke removes a small, fixed amount of water
(about 1 mL or less). This allows the machine to
precisely remove the right amount of water
from the patient.
A target UF goal will be set for each patient’s
treatment based on the patient’s prescribed dry
weight. Informed patients may tell you how
much water to remove, based on their weight gain
and symptoms. Or, you or the nurse will set the
goal for a patient. In either case, you will use the
machine controls to enter the UF goal and the
length of the treatment in hours. The machine’s
computer will calculate the UFR, which will then
set the rate for the UF pump. Double check
that the correct UF goal has been set for
each treatment.
Other parts of the system control, monitor, and
help assure safety:
Pressure sensors control pump speeds,
prevent over-pressurization, calculate TMP,
and detect leaks.
Air separation chambers remove any air
that comes out when you prime a new (dry)
dialyzer. Air separation chambers are important, because any air left in the closed loop
system will lead to errors in water removal.
Air that is removed from the separation
chamber is sent to the drain.
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Flow control UF systems have flow sensors on
the inlet and the outlet side of the dialyzer to
control dialysate flow (see Figure 10). Here’s
how it works:
Inlet and outlet flow pumps are set so the flow
at the inlet and outlet flow sensors is equal.
Volume is removed by the UF pump before
fluid reaches the outlet flow sensor. This
sensor ensures that the outlet flow is equal
to the inlet flow.
The outlet flow pump will make up for the
volume taken by the UF pump. This will create the negative pressure needed to pull that
UF volume across the dialyzer membrane.
Flow control UF systems use a post-dialyzer UF
pump that removes water at a UFR set by the
machine. The UF pump speed equals the UFR.
The pump speed is the time needed to fill a UF
burette (small chamber of known volume). Filling
and emptying a burette takes four steps:
1. H
igh- and low-level sensors in the UF
burette signal a valve to open and close
2. When the UF burette is full, the valve opens
3. A pump empties the burette by forcing air
into the top and the contents to the drain
4. When the UF burette is empty, the valve
closes and the UF burette starts to refill21
These steps go on many times during the treatment. The outlet flow sensor does not measure
the water removed by the UF pump. Flow
control UF systems may use pressure sensors and
air separation chambers to monitor and control
dialysate flow and calculate TMP.
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Figure 10: Flow control UF system
Monitoring
Devices
A number of devices are options or stand alone
parts that connect to delivery systems. These
collect, monitor, and analyze data from the
patient and the delivery system during treatment.
The data can be used by the care team to help
improve treatment.
Adequacy Monitoring
Systems
All HD machines have options to measure Kt/V
or URR. These collect data and, with dialyzer
information, can help conclude the dialysis dose
(in theory). Many HD machines can test the
dialysate to find out how much treatment is being given. Results from these programs must be
confirmed with lab results.
Alternative Dialysis
Therapies
Many HD machines have options that let them
give other types of HD treatments, like:
ontinuous renal replacement therapy
C
(CRRT, done in intensive care)
Home HD
Pediatric HD (in children)
Single needle HD
Automatic Blood
Pressure Modules
All HD machines have cuffs built in to check a
patient's blood pressure during treatment. These
can be automatically set and have alarm limits
that can be set for each patient.
Blood Detection
Systems
Many HD machines have systems that can sense
when blood is in the extracorporeal circuit.
Other monitors can tell when the bloodlines
disconnect or a leak occurs at the access site.
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Blood/Dialysate
Analysis Devices
A number of devices can check the patient's
blood during treatment. These devices may be
built into the extracorporeal circuit. Or, they
may work with the delivery system. They may:
Arterial pressure
(pre-pump)
Blood volume
monitoring
Arterial sample
port (CBi )
Heparin pump
From patient
Blood pump (Qb )
Drip chamber
Used dialysate
back to machine
and out to drain
heck the dialysis dose
C
Measure the real blood flow rate
Test the blood hemoglobin level
Check the blood oxygen level
Measure the access flow rate
Check for access recirculation
Health Information
Systems (HIS)
Many HD machines connect to health information systems (HIS). The HIS may collect machine settings and treatment readings. Data may
also be collected from stand alone monitors.
Profiling
HD machines can run programs that control settings for UF, sodium, bicarbonate, temperature,
and dialysate flow rates, per the patient’s prescription and your clinic’s policy.
Extracorporeal
Circuit
The extracorporeal circuit carries blood from the
patient’s access to the dialyzer and back to the access. It is the second major subsystem of the HD
delivery system. The extracorporeal circuit (see
Figure 11) includes the:
rterial and venous blood tubing
A
Heparin pump
Dialyzer
Venous line clamp
Blood flow monitors
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Fresh dialysate
from machine
Venous pressure
To patient
Venous sample port (CBo )
Drip chamber
Line clamp
Figure 11: Extracorporeal circuit
Components
and Monitoring
Blood Tubing
During HD, blood flows through tubing (“lines”)
from an arterial needle in the patient’s access to
the dialyzer. Blood flows back to the patient
through the venous needle (see Figure 12). The
inner diameter of the blood tubing is small.
Only about 100–250 mL of blood is outside the
patient’s body at a time.
Blood tubing has two parts:
1. Arterial — most often color-coded red
2. Venous — most often color-coded blue
Bloodlines are smooth on the inside to reduce the
chance of blood clots and air bubbles. Custom
blood tubing is made for some types of
equipment and patients.
M o d u l e
Each set of blood tubing has special parts.
The order in which those parts go varies with
the system’s design, prescribed treatment,
and the monitoring desired. Parts of blood
tubing include:
Patient connectors – a tip, or Luer-Lok&reg;
connector, at the end of the arterial and
venous blood tubing segments that links
the tubing to the patient’s needles or
catheter ports.
Dialyzer connectors – female “DIN” connectors at the other end link the blood tubing to the dialyzer. The arterial blood tubing
segment connects to the arterial end of the
dialyzer. The venous blood tubing segment
connects to the venous end of the dialyzer.
Drip chamber or bubble trap – the drip
chamber checks arterial or venous pressure in
the blood circuit. It uses a monitoring line
with transducer protectors and traps any air
in the extracorporeal circuit. The drip chamber may use a fine mesh screen to keep blood
clots from reaching the patient. This type
of drip chamber goes on the venous blood
tubing segment, after the dialyzer and before
the patient’s access.
NOTE: Flexible membranes have replaced drip
chambers in some newer bloodlines. See the next
section on transducer protectors.
lood pump segment – a durable, pliable,
B
larger diameter part of the arterial blood
tubing. It is threaded through the blood
pump roller.
Heparin infusion line – a very small tube
that extends out of the blood tubing to give
heparin (a blood thinner) to the patient. It
is most often placed on the arterial blood
tubing segment just before the dialyzer.
Saline infusion line – allows saline to be
given to the patient during dialysis. It is
most often placed on the arterial blood tubing segment just before the blood pump, so
saline can be pulled into the circuit. If this
line is not clamped, too much fluid or air
can enter the extracorporeal circuit.
4
Blood pump
Heart
Arteries
and veins
Kidneys
Dialyzer
Lines
Access
During dialysis, the blood pump
acts like the human heart, pushing
blood through the lines (vessels). The
dialyzer, or artificial kidney, cleans the
blood, which is then returned to the
patient's own circulation.
Figure 12: Circulation in human body
and extracorporeal circuit
Transducer Protectors
A transducer is a device in the machine that turns
air pressure into an electronic signal. This signal
displays venous pressure, arterial pressure, and
TMP. Moisture will damage a transducer.
Transducer protectors are caps with filters that go
between blood in the tubing and the transducer.
They connect to the machine’s venous and/or
arterial ports via a small tubing segment on top
of the drip chamber. Transducer port lines have a
small line clamp in the middle. Transducer protectors connect to the ends of these lines. They
are the link between the machine and the blood
tubing set (drip chambers).
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Transducer protectors use membrane filters with
a small pore size (0.2 microns).22 The membranes
are hydrophobic (water repellant) when wet, so
fluid won’t pass all the way through. If the filters
get wet, they prevent air flow.22 Wet or clamped
transducer protectors can cause pressure reading
errors and TMP problems, since venous pressure
is part of TMP. A loose or damaged transducer
protector on a pre-pump arterial drip chamber
port could let air into the bloodlines, too.
In May 1999, the Federal Food and Drug
Administration (FDA) put out a safety alert on
contamination from wet transducer protectors.23
In April 2001, the Centers for Disease Control
and Prevention (CDC) made recommendations.
These require dialysis clinics to:
hange wet transducer protectors right away
C
Inspect the machine side of the protector for
contamination or wetting
Have the machine’s internal transducer
protector (a back-up) inspected or replaced
by a qualified technician
Clean and disinfect the path between the
external and internal transducer protectors
if fluid breaks through the external
transducer protector
e blood pump segment of the blood
Th
tubing is threaded between the rollers and
the pump head
The rollers turn, blocking the tubing and
pushing blood out of the segment
Once the roller passes, the segment resumes
its shape and blood is drawn in to refill the
pump segment
In this way, blood is pulled into and pushed
out of the segment at the same time
We change the roller speed to set the machine to
the patient’s prescription. Blood flow rates can
vary from 0 mL/min to 600 mL/min.
Some machines count blood pump turns and
calculate the number of liters processed in a treatment. Knowing the number of liters prescribed
to be processed lets you calculate the blood
flow rate: divide liters processed by minutes of
treatment. This value can be used as a quality assurance tool. It should be the same as the blood
flow rate on the machine. The blood flow rate
must be correct and match the prescription.
The staff member must assure that the rate
on the readout is right.
Some newer bloodlines use a flexible membrane
instead of a drip chamber. This membrane goes
between the bloodline and the internal pressure
transducer.
Pump occlusion is the amount of space between
the rollers and the pump housing. The blood
pump rollers must press against the blood pump
segment hard enough to pull and push the blood
through the circuit:
Blood Pump/Blood
Flow Rate
I f the rollers are too tight, the blood pump
segment may crack, or red blood cells may
be destroyed.
If the rollers are too loose, blood may escape
back across the rollers, so the blood flow rate
is less than the prescribed level. Red blood
cells can be destroyed, too.
Modern rollers use springs to create a constant
force between the roller and the occlusion wall.
The pump segment MUST be mounted in the pump
correctly. If you pull down the ends of the pump
segment in the housing, the tension on the tubing
segment can compress the springs. This would
decrease the effective blood flow rate.
The blood pump (see Figure 13) moves blood
from the patient’s arterial needle through the
tubing, to the dialyzer, and back to the venous
needle. Most often, the blood pump uses a motor that turns a roller head. This type of pump is
called a peristaltic pump. The speed of the roller
head controls the blood flow rate, which is set by
the staff person.
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Here’s how it works:
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The blood pump segment of tubing is stronger and thicker to withstand the pressure of the pump
Housing
Blood pump
segment
Roller
Step one — Blood enters the pump
Step two — Blood is pushed along by the rollers
Step three — A constant blood flow rate is created
Figure 13: Blood pump
Blood flow measured by the number of pump
turns assumes that the same amount of blood is
pushed with each turn. But, a number of factors
can change the volume of blood moving into
the pump tubing segment. Increased negative
pressure and wear on the wall of the tubing flattens the tubing in the roller pump so it holds less
blood.24 This effect becomes greater over time as
the roller puts wear on the tubing.25 The displayed
blood flow rate may be higher than the actual blood
flow rate:
e actual blood flow rate can be lower
Th
by about 9% at an arterial pressure of
-180 to -200 mmHg 24
For blood flow rates of 300 mL/min,
the error may greater than 10%26
For blood flow rates of 400 mL/min,
the error may be nearly 15%26
The Gambro Phoenix machine has a feature
called Compensated Blood Flow. This feature
uses an algorithm to adjust the actual blood
pump speed from the displayed speed based
on the arterial pressure.27
Pump occlusion on each machine must be
checked and adjusted per the manufacturer’s
instructions. It should also be checked if your
clinic changes tubing size or manufacturer.
A peristaltic pump is, in essence, a rotating
clamp. As such, when the blood pump stops, it is
a “fail-safe” safety feature. It isolates the patient
and the arterial end of the extracorporeal circuit
from the dialyzer. On the venous end, a second
fail-safe device, the venous line clamp, protects
the patient. The venous line clamp should automatically clamp the venous line if there are blood
handling alarms or a power failure. Fail-safe
devices protect the patient even when no power
is applied to the system.
In case of emergency, all blood pumps have a way
to allow hand cranking. Most often, the pump
will have a handle to crank. Crank the handle
just fast enough to keep the venous pressure at
the pre-alarm level. You must remove the line
from the venous line clamp before hand cranking, so the extracorporeal circuit will be open and
blood can be returned to the patient.
Extracorporeal
Pressure Monitors
Pressure in the extracorporeal circuit depends
on blood flow rate and resistance to the flow.
There is resistance in most of the circuit from the
needles (or catheters), tubing, and dialyzer. The
blood pump helps overcome resistance. Pressures
are shown in millimeters of mercury (mmHg) on
a gauge, meter, or screen.
We monitor extracorporeal pressure to calculate
TMP and ensure patient safety. In some systems,
pressure monitors have high and low limits that
can be set. Others have a preset range, and staff
can choose a midpoint. When pressure is too
high or low, the system will trigger noise and
light alarms, stop the blood pump, and clamp
the venous line.
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Table 4: Types of pressure in the extracorporeal system
Pressure
Where
Level
Arterial (or pre-pump)
From the patient’s access to the blood pump
&lt;0 (-)
Pre-dialyzer (post-pump
or post-pump arterial)
From the blood pump to the dialyzer
&gt;0 (+)
Venous (or post-dialyzer) Monitoring site to the venous return
You must check the extracorporeal blood pressure
alarm to ensure that it works before each treatment.
A pre-pump or post-pump drip chamber may be
placed on the arterial bloodline. A monitoring
line or pressure gauge at each drip chamber is
used to check arterial and/or venous pressure in
the extracorporeal circuit (see Figure 14).
Arterial pressure drip
chamber and display
(positive post-pump
pressure)
+
Blood pump
Arterial
(pre-pump)
pressure
–
Dialysate in
Arterial
bloodline
Vascular
access
+
Venous pressure
gauge (positive,
post-dialyzer
pressure)
Venous
bloodline
Air detector
+
Line
clamp
Figure 14: Pressure monitoring devices on arterial and
venous bloodlines
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Any of the pressures in Table 4 may be
monitored. Which ones are used in your
clinic will depend on the machines. Pressure
monitors must be engaged at all times when the
blood pump is on.
Common causes of high and low pressure alarms
for arterial pressure, pre-dialyzier pressure, and
venous pressure are shown in table 5.
Air Detectors
Dialysate out
Arterial pressure
drip chamber and
display (negative,
pre-pump pressure)
&gt;0 (+)
Air in a patient’s bloodstream can cause death.
Air/foam detectors check all of the blood in the
venous tubing segment for air and foam (see
Figure 15). The system may check for air at the
venous drip chamber* or at the blood tubing just
below it.
Sound travels better through liquid than air. Air
detectors are ultrasonic devices. They check for
changes in a sound wave sent through the blood
path. When the air detector is on, a transmitter sends a sound wave of around 2 MHz across
a drip chamber or bloodline to a receiver on the
other side. The signal is checked throughout the
treatment for any change. If the blood level in
the drip chamber drops or air shows up in the
bloodline, the sound level will drop. A drop in
the sound level will set off noise and light alarms,
stop the blood pump, and clamp the venous line
to keep air out of the patient’s bloodstream.
An air detector’s alarm limits are most often
preset by the manufacturer. They can be
calibrated by qualified technicians.
M o d u l e
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Table 5: Pressure alarm triggers18
LOW PRESSURE ALARM
HIGH PRESSURE ALARM
Arterial pressure (-) (pre-pump)
• Blockage of arterial blood flow from the patient’s
access
•A
bloodline separation (if the upper limit is set
below zero)
• Compression or a kink in the arterial bloodline
•A
leak between the patient and the monitoring
site
• Wrong position or infiltration of the arterial needle
• Blood pump set at a rate higher than the vascular access can supply
•A
drop in the blood pump speed
• Infusion of saline or medications
• Hypotension
• Vasoconstriction (tightening of the patient’s blood
vessels)
• Poorly working central catheter
Pre-dialyzer pressure (+) (post-pump)
• A bloodline separation or leak from the monitoring point to the dialyzer, or at the needle
•A
clotted dialyzer (watch for a big pressure difference from one side of the dialyzer to the other)
• Blockage in the blood tubing between the blood
pump segment and the monitoring site
•P
oor placement or infiltration of the venous
needle or catheter
• A kink in the blood tubing from the monitoring
site to the dialyzer
•A
rise in the blood flow rate
• Poor blood flow or drop in blood flow rate
•A
kink in the blood tubing from the dialyzer to the
monitoring site
Venous pressure (+)
• Blood tubing separation from the venous needle
or catheter
•B
lood tubing is blocked between the monitoring
site and the venous needle
• A drop in the blood flow rate
•P
oor position or infiltration of the venous needle
• Blockage in the blood tubing before the
monitoring site
•P
oorly working central catheter
•C
lotting in the access
• A badly clotted dialyzer
*Note about Dummy Drip Chambers
In some older machines that monitor for air in the venous drip chamber, the air detector shuts off
the blood pump when the chamber is empty. This means the bloodlines cannot be primed with
saline. To get around this problem, a dummy drip chamber filled with fluid may be put on the
machine in place of the venous drip chamber. You must remove the dummy drip chamber and put
on the venous drip chamber before the machine is brought to the patient care room. If the dummy
drip chamber stays on the machine, there is no air detection and the patient can be harmed. CMS
surveyors will report this mistake as an immediate jeopardy problem for your clinic.
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You must check the air detector to be sure it is
working properly before each treatment, following the manufacturer’s instructions. Be sure the
drip chamber or bloodline is properly seated in
the sensor before you start a treatment. The
air detector must always be used during the
treatment and the venous line clamps engaged
with the tubing segment.
#1
Heparin infusion line
Heparin pump
#2
#1 uses an ultrasonic
sensor device to monitor
change in sound
transmission
#2 uses a photocell to
monitor change in light
transmission
Sensor device
Figure 16: Heparin infusion line
Line clamp
Sensor device
Line clamp
Figure 15: Air detector
Heparin System
When the patient’s blood touches the lines and
dialyzer, it tends to clot. Heparin, an anticlotting drug, or anticoagulant, is used to prevent
clotting in the extracorporeal blood circuit.
Heparin can be given in one of three ways:
1. Intermittently (on and off) during dialysis.
A prescribed amount is injected into the
arterial bloodline at prescribed times.
2. By bolus (the full amount all at once) just
before the treatment.
3. By continuous infusion (a prescribed rate
throughout the treatment). A syringe filled
with heparin, a heparin infusion line (see
Figure 16), and an infusion pump are used.
The pump slowly injects heparin into the
extracorporeal circuit. A small, starting dose
may be given to the patient before treatment.
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To dialyzer
For most patients, heparin is stopped before the
end of the treatment so blood clotting can go back
to normal. A continuous infusion heparin pump
has four parts:
1. A syringe holder
2. A piston to drive the plunger of the syringe
3. An electric motor to drive the plunger forward and infuse heparin from the syringe
4. A way to set the prescribed rate
Heparin pumps have variable speeds that can be
set to the doctor’s prescription.
Heparin is infused into the heparin line on the
arterial blood tubing before the dialyzer. Most
heparin lines are placed after the blood pump
segment. This avoids negative pressure that could
draw air into the circuit through the heparin line.
Having the heparin line in a positive pressure part
of the bloodline is a safety feature. If the syringe
comes loose, heparin can’t be drawn into the
bloodline and cause a patient overdose.
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Blood Volume Monitoring
Blood volume monitoring is done to measure
the volume of fluid removed from the blood
during a treatment. It is done by looking at the
change in the patient’s hematocrit using a light
beam that passes through the blood as it moves
through the bloodlines. The monitoring device is
clipped onto the bloodline at the arterial port of
the dialyzer. An increasing hematocrit indicates
decreasing blood volume. If the volume decreases
too much, the patient’s blood pressure will fall
(the patient “crashes”) which results in the need
to reduce or stop the rate of fluid removal from
the patient. Having this kind of monitoring
enables the caregiver to adjust the UFR to match
the patient’s ability to lose fluid. The result is a
treatment with fewer blood pressure drops and a
better overall treatment for the patient.
Sorbent Dialysis
Sorbent technology first came out decades ago,
and there are only a few (older) sorbent machines
in use today. At present, there are no companies
making sorbent dialysis machines. The technology is still being studied, however. And, it is likely
that new sorbent machines may be on the market
in the next few years.
Conventional HD machines process about 30–50
liters of dialysate per hour. This adds up to about
100–200 liters per treatment. Sorbent HD may
use as little as 6 liters of tap water for a treatment.
Spent dialysate is not sent to a drain. Instead, it
goes through a sorbent cartridge and is reused.
Sorbent machines don’t need to connect to a water supply or a drain. They can be used in a wide
range of environments, such as:
cute dialysis in critical care units
A
Home hemodialysis
Disaster relief
Rehabilitation centers and nursing homes
Remote locations and on vacation
4
Principles of
Sorbent Dialysis
The dialysate for sorbent HD is mixed in a jug
using dry powders and 6 liters or less of potable
tap water.29 As dialysate flows through the
dialyzer, it starts to equilibrate with the blood.
“Spent” dialysate then goes through the cartridge.
Inside, wastes are adsorbed and/or exchanged for
sodium, hydrogen, bicarbonate, and acetate ions.
The cartridge also removes potassium, calcium
and magnesium. The fresh dialysate is ready after
an electrolyte infusion system adds potassium,
calcium and magnesium.
The Sorbent Cartridge
The cartridge has layers of materials (see Figure
17). Used dialysate flows through it from bottom
to top:
e first layer is activated carbon. It adTh
sorbs heavy metals, chloramines, and other
tap water contaminants. The carbon also
adsorbs many wastes, such as creatinine and
uric acid.
The second layer is an enzyme/enzyme
retention layer. The enzyme urease
catalyzes the conversion of urea to
ammonium carbonate.
The third layer is a cation exchange layer.
Zirconium phosphate adsorbs the ammonium ions that form in the second layer.
Other ions, such as Mg+2, Ca+2, K+, and
heavy metals that may be in tap water such
as copper (Cu+2) and iron (Fe+3), are also
adsorbed. In exchange for these cations, this
layer releases H+ and Na+.
The fourth layer does anion exchange.
This layer has a blend of zirconium oxide
and zirconium carbonate. These adsorb
phosphate, fluoride, and other anions—in
exchange for acetate, bicarbonate, and a
small bit of sodium.
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Layer 4
Zirconium Oxide and
Zirconium Carbonate
Binds:
Releases:
Zirconium Oxide &amp; Zirconium Carbonate
• Phosphate
• Fluoride
• Heavy metals
• Acetate
• Bicarbonate
• Sodium
• Sodium
• Hydrogen
Zirconium Phosphate
• Ammonium
• Calcium
• Magnesium
• Potassium
• Metals
• Other cations
Urease
• Nothing
(converts urea)
• Ammonium carbonate
• Heavy metals
• Oxidants
• Chloramines
• Creatinine
• Uric Acid
• Other organics
• Middle molecules
• Nothing
Layer 3
Zirconium Phosphate
Layer 2
Urease
Layer 1
Activated Carbon
Activated Carbon
Figure 17: Sorbent cartridge
Illustration courtesy of Renal Solutions
Home
Hemodialysis
In recent years home HD (HHD) use has grown.
For patients who can dialyze with the help of a
partner (often a spouse or other family member),
there are many pluses. To learn more, read
Module 2: The Person with Kidney Failure.
Some people dialyze at home with standard
machines. New HD machines, such as the
NxStage System One, make it easier to do HD at
home (see Figure 18). Other companies, such as
Fresenius Medical Care and Baxter Healthcare,
are working on their own versions of a home HD
machines. New machines will likely be on the
market in the next few years.
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NxStage&reg; System One™
The NxStage&reg; System One™ is a unique, small,
volumetrically controlled machine used for home
hemodialysis.29 A cartridge holds the extracorporeal circuit, dialyzer, and dialysate hydraulics.
A single–use cartridge mounts into the machine
before a treatment. The user interface is simple.
The patient can adjust dialysate volume and flow
rate, UF rate, and blood flow rate, as prescribed
by the nephrologist.
M o d u l e
4
The NxStage System One weighs about 70
pounds. Patients can take the it on trips by car,
plane, or boat (carrying cases are available for
purchase or on loan through the dialysis clinic).
For travel, bags of sterile, pre-mixed dialysate are
available for use with the System One (the PureFlow is not designed for travel). When bags are
used, there is no need for a potable water supply,
so much of the testing required of online dialysate
proportioning systems is not required. The bags
of dialysate are shipped to patients’ destinations
in the continental US, just like PD fluid.
Convenience and ease of use have made the
System One the most used HHD machine
in the US today.
Figure 18: NxStage System One
&reg;
™
Drawing adapted with permission from NxStage&reg; Medical, Inc.
The PureFlow™ SL is a water purification and
dialysate mixing system that makes batches of
dialysate for use with the System One. The PureFlow SL features the following components:
5 micron sediment filter
Ultraviolet light to control bacteria
Disposable Purification Pack
(PAK) consisting of:
• Carbon adsorption filter
• Four deionization resin canisters
(3 twin bed canisters and 1 mixed bed)
• Dual ultrafilters connected in series
Precision water metering pump
Monitoring software, hardware, and
sensors to ensure that the PureFlow SL
is operating properly
The PureFlow SL dialysate preparation system
connects to any potable water supply that meets
the US EPA Safe Drinking Water Act. It provides
ultra-pure product water at 150 mL/min to a
fluid reservoir or “SAK.” The SAK holds sterilefiltered dialysate concentrate. PureFlow dialysate
uses lactate as a buffer. It is proportioned to a
conductivity range of 12.9–13.3 mS/cm,
depending on the SAK type.30
NxStage is a registered trademark of NxStage Medical, Inc.
System One and PureFlow are trademarks of NxStage
Medical, Inc.
Conclusion
As you have read in this module, the delivery
system plays a key role in the safety of dialysis.
During each treatment, the machine checks almost
every part of the patient’s care except one: YOU.
You are the most important monitor of all to
keep patients safe. Alarms are of no use if someone ignores them. Devices must be maintained.
Many systems require tests before we use them
for a patient’s treatment.
The patient can be in great danger if a staff
person connects the wrong dialysate to the
machine. Dialyzers and delivery systems are not
just machines, monitors, and dialysate. They
are the working parts of a treatment that allows
people with kidney failure to lead full and active
lives. Your attention to detail and skill at solving
problems will help patients have better outcomes.
When you understand the machine systems, you
can use them safely.
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Appendix – Sample dialyzer spec sheet
Polyflux&reg; H Dialyzer
Clinical Data
PERFORMANCES IN VITRO Measured according to EN 1283
Clearances in vitro
QD=500 ml/min and UF=0 ml/min
Polyflux 140H
Polyflux 170H
Polyflux210H
Hemodialysis (HD) QB (ml/min)
200
300
400
200
300
400
300
400
500
Urea
193
262
309
196
270
321
281
339
378
Creatinine
181
232
266
186
243
281
259
303
334
Phosphate
174
220
250
180
232
266
249
289
317
Vitamin B12
128
149
163
137
162
178
183
203
218
Inulin
91
102
109
100
113
121
131
143
151
KoA
960
1000 1040
1100 1140 1190
1460 1500 1580
UF-coefficient in vitro (ml/h, mmHg) +/-20%
60 7085
Priming volume (ml)
94 115125
Fluid volume for priming (ml)
500 500500
Residual blood volume (ml)
&lt;1 &lt;1&lt;1
Maximum TMP (mmHg)
600 600600
Recommended QB (ml/min) 200-400 250-500300-500
Recommended QD (ml/min) 500-800 500-800500-800
Sieving coeffi cients**
Vitamin B12
1.0 1.01.0
Inulin
1.0 1.01.0
&szlig;2-Microglobulin
0.70 0.700.70
Albumin
&lt;0.01 &lt;0.01&lt;0.01
SPECIFICATIONS
Effective surface area (m2)
1.4 1.72.1
Fiber dimensions
Wall thickness (μm)
50 5050
Inner diameter (μm)
215 215215
Component
Material
Sterile barrier
Membrane
Polyflux***
Sterilization agent
Medical grade paperSteam
Ordering information
Polyflux140H-A 24/case
Potting material
Polyurethane (PUR)
Polyflux170H-A 24/case
Housing and caps
Polycarbonate (PC)
Polyflux210H-A 24/case
Protective plugs
Polypropylene (PP)
O-ringSilicon rubber (SIR)
* Measured with bovine blood, Hematocrit=32%, Protein 60 g/l, at 37&deg;C.
** Typical values measured with Polyfl ux 170H, with bovine plasma.
*** Polyflux is a blend of Polyarylethersulfone, Polyvinylpyrrolidone, Polyamide.
These specifications are subject to change without notice. For further information
and operating instructions please refer to the Operator’s Manual
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Abbreviations List
Acronym
What It Stands For
Meaning
AAMI
Association for the Advancement of Medical
Instrumentation
Organization that sets standards for dialysis equipment and water
C
Centigrade
Metric temperature measure
Blood sugar
C6H12O6
Glucose
Ca++
Calcium
An electrolyte
CDC
Centers for Disease Control and Prevention
US public health agency
CH3COO–
Acetate
Forms when acetic acid reacts with bicarbonate
Cl
Chloride
An electrolyte
–
CO2
Carbon dioxide
A gas
CRRT
Continuous renal replacement therapy
Slow, 24 hour/day dialysis done in intensive care units
Da
Daltons
Molecular weight measure
F
Farenheit
US temperature measure
FDA
Food and Drug Administration
US agency that regulates food &amp; drug safety
HC6H5O72– or
H2C6H5O7–
Citrate
Forms when citric acid reacts with bicarbonate
HCO3–
Bicarbonate
A buffer
HD
Hemodialysis
Cleaning the blood with a filter
HHD
Home hemodialysis
HD done by the patient and/or a partner at home
HIS
Health information systems
Computer charting systems
K
Clearance
Removal of a substance across a membrane
K+
Potassium
An electrolyte
KoA
Mass transfer coefficient
How well a solute will pass through a membrane
Kt/V
Clearance x time divided by volume
Measure of dialysis dose
KUF
Coefficient of ultrafiltration
How much water will pass through a membrane in 1 hour
at a given pressure
LED
Light-emitting diode
Tiny, long-lasting light bulb
Mg++
Magnesium
An electrolyte
mEq/L
Milliequivalents per liter
A unit of measurement
Mg/dL
Milligrams per deciliter
A unit of measurement
MHZ
Megahertz
Measure of sound frequency
mL
Milliliters
Metric measure of volume
mL/min
Milliliters per minute
Measure of flow rate
mmHg
Millimeters of mercury
Measure of pressure
Na+
Sodium
An electrolyte
PAN
Polyacrylonitrile
Dialyzer membrane material
PES
Polyethersulfone
Dialyzer membrane material
PMMA
Polymethylmethacrylate
Dialyzer membrane material
PSF
Polysulfone
Dialyzer membrane material
Qb
Blood flow rate
Rate of blood during dialysis
Qd
Dialysate flow rate
Rate of dialysate during dialysis
TMP
Transmembrane pressure
Pressure difference across the dialyzer membrane
UF
Ultrafiltration
Removal of water in dialysis
UFR
Ultrafiltration rate
Rate of water removal
URR
Urea reduction ratio
How much urea is removed during a dialysis treatment
UV
Ultraviolet
Invisible spectrum of light
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Vascular Access
MODULE AUTHORS
Lynda Ball, MSN, RN, CNN
Leslie Dinwiddie, MSN, RN,
FNP, CNN
FEATURED PATIENT ARTWORK &raquo;
Jessica Hill
I live in Beaufort, NC. I was in the Coast Guard for 3 years. I was medically retired when I was
diagnosed with FSGS (focal segmental glomerulosclerosis). I trained for 6 weeks and now I am on
home hemodialysis. I have been an artist since age 11. This piece of art is called “Life saver”. I chose to
draw my own fistula, because technically it saves my life 4 times a week.
Janet Holland, RN, CNN
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Objectives
Vascular Access
After you complete this module, you will be able to:
1. List the three main types of vascular access.
2. Describe the steps for observing a fistula or graft
before a hemodialysis treatment.
3. I dentify the signs of infection, clotting, and stenosis and
state how to prevent each problem.
4. Explain how to place needles in a fistula or graft.
5. Describe the steps for using a central venous catheter for HD.
A list of the abbreviations used can be found at the end of the module.
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Introduction
Vascular access makes chronic hemodialysis (HD)
possible. It is a way for the care team to “access”
the patient’s blood for dialysis. An access must:
ive blood flow rates that will ensure the
G
right dose of HD
Be made of substances that are not likely to
cause allergies or infections
Need little or no repair to work well
Each patient has only about a dozen sites on the
body where an HD access can be made. Imagine an astronaut tethered to a spaceship with a
lifeline. If the lifeline breaks, the astronaut will
float off into space, run out of oxygen, and die.
An access is an HD patient’s lifeline. Each access
must be cared for as if it is the last one a patient
can have. Each year, some people on HD die because they run out of access sites. You can help
prevent this by learning to assess and cannulate
(put needles into) your patient’s access sites with
great care.
Despite more than 65 years of trying, vascular
access is still the biggest challenge to the success of
HD. Each year, about 1 in 4 HD patient hospital
stays are due to access problems.1 Patients whose
accesses don’t work well don’t get enough dialysis.
They may become uremic and feel ill and tired.
They don’t feel well enough to work, exercise,
or do hobbies that could boost their quality of
life. When patients feel ill, it affects their family,
friends, and the care team, too.
Poor needle placement can cause an access to fail.
And, access failure means loss of the HD lifeline. The access must be repaired or replaced—if
the patient has a site left. Access problems can
cause hospital stays, surgery, illness, limb loss,
and death. Access problems also use staff time,
disrupt schedules, and reduce clinic income while
patients are in the hospital.
5
Two efforts to improve access outcomes are:
e NKF Kidney Disease Outcomes Quality
Th
Initiative (KDOQI™)
Fistula First Breakthrough Initiative
(see page 125)
Both share ways to assess and preserve blood
vessels for fistulas and promote early placement
when possible.
In this module, we’ll tell you about each type of
access. Each section has terms, things to watch
for, and ways to monitor how an access is doing.
You have the vital task of helping patients
keep their lifelines. Proper access care and use,
along with patient education, can improve your
patients’ lives and boost job satisfaction for the
whole care team.
Types of Access
The three main types of access are:
1. Fistulas
2. Grafts
3. Central venous catheters
To make an arteriovenous (artery plus vein)
fistula (sometimes called an AVF), a surgeon sews
an artery and a vein together under the skin:
Arteries carry oxygen-rich blood from the
heart and lungs to the rest of the body. The
arteries used for a fistula are large and have
good blood flow—but are deep below the
skin and hard to reach with needles.
Veins bring oxygen-poor blood back to the
heart and lungs. Veins may be easy to reach,
but most are too small for HD (see Figure 1).
Larger, deep veins may need to be
transposed (brought up near the surface of
the skin) so they can be reached.
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A fistula may be referred to as a permanent or
venous access. Fistulas are most often placed in
an arm. In the 4–6 weeks after surgery, highpressure blood flow from the artery thickens the
vein wall. The vein dilates (grows) so large HD
needles can be used. Since a fistula is below the
skin and is made only from the patient’s own tissue, it is the least likely access to become infected
or get a blood clot. A good fistula can last for
years—even decades. Research data show that
fistulas are the best type of access. New surgeries
and ways to assess and preserve blood vessels have
made fistulas an option for more patients.
Cephalic vein
Basilic vein
Antecubital vein
Axillary artery
Brachial artery
Basilic vein
Distal cephalic
vein
Ulnar artery
Radial artery
Figure 1: Venous/arterial anatomy of the arm
An arteriovenous graft (AVG) is also referred to
as a permanent or venous access. To make a graft,
a surgeon links an artery and vein with a piece of
synthetic (man-made) blood vessel. Like a fistula,
a graft allows access to a large volume of blood for
HD. But grafts:
Are prone to stenosis (narrowing of blood vessels), which can cause thrombosis (blood clots)
Are more prone to infection than fistulas
Have a far shorter useful lifespan than
fistulas, too (3–5 years on average)2
A graft can be a good choice for a patient who
does not have blood vessels suited for a fistula.
A central venous catheter is a hollow plastic tube
placed in a deep central vein in the chest or leg
(see Figure 2). Catheters allow short- or longerterm access to patients’ blood. Deep central veins
have enough blood flow for HD.
But, catheters have many downsides:
ey are plastic, which is foreign to the
Th
body.
They pass through the skin, forming a direct
entry for germs to get into the blood. Catheters are the most likely access to become
infected.
They cause stenosis, which can lead to blood
clots. (In a series of 100 patients with catheters, 18 had stenosis.3) Catheters are the
most likely access to become clotted.
They can erode (wear away) the vessels they
are placed in, risking severe blood loss.4
Due to these problems, catheters must often
be placed again, in the same vein or a new one.
Catheters are used for patients who:
an’t have a fistula or graft
C
Are waiting for a fistula or graft to be placed
or ready to use
Have acute kidney injury and may soon
recover kidney function
Are waiting for a peritoneal dialysis (PD)
catheter
Are waiting for a scheduled, live donor
kidney transplant
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The KDOQI guidelines say a first access is best
placed close to the patient’s wrist.2 The best
type links the radial artery with the cephalic vein
(between the wrist and the elbow). This is a
radiocephalic fistula (see Figure 3). Later fistulas
can then be placed higher on the arm, toward the
shoulder. (A failed access tends to damage lower
vessels so they can’t be used for other accesses.)
Internal jugular vein
External jugular vein
Subclavian vein
Superior vena cava
Inferior vena cava
Cephalic vein
Basilic vein
Femoral vein
Distal
cephalic vein
Basilic vein
Radial artery
Ulnar artery
Great
saphenous
vein
Femoral
artery
Figure 2: Anatomy of veins
Fistulas
How Fistulas are Made
A fistula is native or autogenous (made from the
patient’s own blood vessels). It has no man-made
tissue or plastic. The place where the artery connects to the vein is called the anastomosis, and
a scar marks the site. It takes 1–4 months for
a fistula to be strong enough to use large-gauge
needles, so it is best to create one well before HD
is needed.2
As soon as the surgery is done, strong, fast arterial
blood flow starts to enlarge the fistula and make
it tougher. This is called arterialization, and we
say the fistula is maturing. About a week after the
surgery, patients can start to do exercises to help
their fistulas to mature, like squeezing a rubber
ball or lifting light weights.5-6
Figure 3: Examples of AVF locations
A brachiocephalic (brachial artery and cephalic
vein) fistula is the most common upper arm
fistula. If these vessel pairs can’t be used, there are
others.
While a fistula is the best type of access, not all
patients can have one. Surgeons must be sure
there will still be good blood flow for the hand.
The arteries must be normal. The chosen veins
must be healthy, straight, big enough for largegauge needles, and long enough for a number of
needle sites.
Any venous access strains the heart. Patients
must be able to handle a 10% or more increase
in cardiac output (the volume of blood passing through the heart) to have a fistula. Why?
Arterial blood quickly short-circuits through the
fistula instead of passing slowly through tiny capillary blood vessels. The heart must work much
harder, due to the fast blood flow.
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Side-to-side
There are many reasons why a patient may not be
able to have a fistula. These include:
Damage to arm veins due to:
• Needles used for lab draws and IVs
• Use of peripherally inserted central
catheters (PICC lines)
• Inflammation from drugs
Damage to central veins from:
• CVC use – stenosis, clot, or fibrin sheaths
(buildup of the blood protein fibrin)
• Inflammation from drugs
Past surgeries on the blood vessels
Atherosclerosis: plaque or waxy cholesterol
that blocks blood vessels (most often arteries)
Poor arteries due to blood vessel disease
or diabetes
Only one working artery that brings blood
to the hand
vein
Side-to-end
artery
vein
End-to-side
artery
vein
End-to-end
artery
vein
Fistula Procedure
Figure 4: Types of anastomosis
Before surgery, patients should have vessel mapping
done. This painless ultrasound test improves
the chance that a surgeon will find vessels that
will work for a fistula.7 Medicare pays for
vessel mapping.
Pros and Cons
of Fistulas
To create a fistula, blood vessel sites are marked
on the skin. An incision is made in the skin over
the chosen vessels. Then the vessels are sewn
together (see Figure 4).
After the incision is closed, there should be a
thrill, or purring vibration, over the new fistula.
And, you should be able to hear a bruit (whooshing sound) with a stethoscope along the vein.
The bruit should be constant and low-pitched.
The thrill and the bruit help prove that the new
fistula is patent (PAY-tent; open).
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Pros
The fistula is the “gold standard” for HD access.
In tends to last longest and have the fewest
problems with infection and blood clots. Using
the patient’s own vessels is always best—when it
can be done.
Cons
The main con of a fistula is how long it can take
to mature: 1–4 months. Some fail to mature at
all, a problem called primary failure. When a fistula fails to mature, your patient may think he or
she did something wrong. You can tell patients
it’s not their fault if a fistula doesn’t mature—it
happens. It may take more than one try to get a
working fistula, but the end result is worth it.
M o d u l e
Some reasons why fistulas fail to mature include:
The anastomosis is too small, so not enough
blood flows into the fistula
A stenosis develops in the outflow vein just
past the anastomosis
Side veins off of the fistula reduce pressure in
the fistula, so it does not arterialize
The vessels the surgeon chose were too small
(&lt;2 mm)
The veins were damaged by too many blood
draws, IVs, or PICC lines
5
Assessing
Maturity of
a Fistula
As a new dialysis technician, you will not be putting needles into new fistulas.9 But, you will need
to watch them at each treatment to see if they are
maturing.
Fistula First: Increasing Use of Fistulas in the US
The National Vascular Access Improvement Initiative (NVAII) began in 2003. This project
aimed to beat the KDOQI guideline of 40% prevalent AV fistula use in the US. That goal was
reached in 2005. CMS turned the NVAII into the Fistula First Breakthrough Initiative (FFBI).
To follow the new KDOQI guideline of more than 65% AV fistulas, CMS raised its stretch
goal to 66%.
The FFBI is funded by CMS and supported by the ESRD Networks. It is a partnership of
access experts (nephrologists, surgeons, nurses, primary care doctors, patients, and others).
The group works to change practice and support AV fistula use in hemodialysis (HD) patients
who can have one, while reducing CVC use. The FFBI has made a wide array of tools for
patients and professionals. Clinics can use these tools to improve the quality of life and
survival of HD patients while they work to increase the number of fistulas.
FFBI has 13 “Change Concepts” clinics can use to increase the use of fistulas:8
1.Routine continuous quality improvement (CQI) review of vascular access
2. Timely referral to a nephrologist
3.Early referral to a surgeon for “AVF only” evaluation and timely placement
4.Surgeon selection based on best outcomes, willingness, and ability to provide
access services
5.Full range of surgical approaches to AV fistula evaluation and placement
6.Secondary AV fistula placement in patients with AV grafts
7.AV fistula placement in patients with catheters, where indicated
8.AV fistula cannulation training
9.Monitoring and maintenance to ensure adequate access function
10.Education for caregivers and patients
11.Outcomes feedback to guide practice
12.Modify hospital systems to detect CKD and promote AV fistula planning and placement
13.Support patient efforts to live the best possible quality of life through self-management
You can help your clinic with Fistula First. Take an active role in your clinic’s vascular access
CQI team. Learn how to cannulate fistulas and grafts. And, work to improve your skills by
learning more.
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To do this, you will:
Look for:
igns of infection – redness, drainage or
S
abscess
Signs of wound healing of the incision
Learn these skills on a practice arm before you try to
cannulate a patient. It takes a lot of practice to be
a good cannulator. New staff should never cannulate brand new fistulas—they are delicate and
need an expert.9 Only the most skilled staff in
your clinic should cannulate new fistulas.
Feel for:
thrill – it should feel like a constant
A
purring or a vibration, not like a pulse.
Growth in the vessel – it should start to
grow larger right after surgery and the
growth should be clear within 2 weeks.
Note any flat spots.
Firmness of the vessel – Raise the patient's
arm (gently) over his or her head. The fistula
should collapse. After the first week, apply
a light tourniquet and feel how firm the vein
is. A firm fistula means the vessel walls are
getting stronger.
The Rule of 6’s
The KDOQI guidelines say the “Rule of
6’s” is a good way to tell if a fistula
is a success:2
I t is less than 0.6 cm below the surface
of the skin (about 1/5 of an inch)
It is at least 0.6 cm wide
ltrasound shows a blood flow rate in
U
the new fistula of 600 mL/min or more
Listen for:
A bruit. The pitch should be low, and one
sound should connect to the next.
If the fistula has not grown after 2–3 weeks,
the nephrologist and surgeon needs to be told.
Patients should have a post-op visit in 4–6 weeks.
Access expert Gerald Beathard, MD, says that if
access growth is not seen by the second week, an
access will not mature unless treatment is done.10
When the vessel has grown and is firm, the
doctor will order the fistula to be cannulated. For
the first week, small needles (17-gauge) and low
blood flows (200–250 mL/min) are used.9 These
help prevent infiltration (pushing the needle
through the front and back fistula walls (see page
137). Then, needle gauge size and blood pump
speeds can go up per doctor’s orders.
Your clinic should have a written training
program with a checklist to be sure that you learn
all of the steps of needle placement:
roper site cleaning
P
Needle placement
Taping
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Starting HD with
a Fistula
Wash Your Hands
Hand washing is always the first step before you
touch any access. Clean hands and clean gloves
help keep germs on the patient’s skin from being
pushed into his or her bloodstream by the needle.
Change your gloves after you touch your face
or hair, the chair, or any other surface. The
Occupational Safety and Health Administration
(OSHA) requires you to wash your hands and
wear gloves to protect you and patients from
infections.11
The Conditions for Coverage12 require HD clinics
to follow the Centers for Disease Control and
Prevention (CDC) rules for infection control.
These rules are in force any time blood could
splash. So, you will wear gloves, a gown, eye
protection, and a face mask when you place or
remove needles.
M o d u l e
See Module 6: Hemodialysis Procedures and Complications to learn more about hand washing and
infection control.
Examine the Fistula
Look, listen, and palpate (feel) a patient’s fistula
at each treatment to be sure it will work well.
Report any problems you see to the charge nurse
before you start to cannulate.
Look for:
Signs of infection – redness, drainage, pus,
abscesses, open skin, fever.
Steal syndrome – not enough blood flow to
the hand resulting in pale, bluish nail beds
or skin.
Stenosis – swollen access arm, pale skin,
small blue or purple veins on the chest wall
where the arm meets the body.
Cannulation site problems – curves, flat
spots, aneurysms (ballooning of the blood
vessels), noting and their width, height, and
appearance.
Listen for:
Bruit – the sound and pitch of “whooshing”
(a higher or louder pitch may mean stenosis). Learn how each patient’s access sounds.
Outflow vein – place the stethoscope flat on
the vein and listen for the bruit. Then, move
stethoscope from side to side and listen for
the bruit to stop. This will help you find the
exact site of the fistula.
Direction of blood flow – press the access in
the middle and listen to each side. You will
hear blood flow sounds on the arterial side.
Feel for:
Skin temperature – note warmth (could be
infection) or cold (could mean less blood
flow).
Thrill – should be present and constant, not
a strong pulse. A fistula should have a strong
flow of blood. You should be able to feel a
strong thrill at the anastomosis.
Stenosis – feel for any flat spots and check
them for a thrill.
5
Vein diameter – start at the anastomosis and
run your thumb and forefinger along both
sides of the fistula.
• Is the diameter the same along the whole
length?
• If there are aneurysms, how wide are they?
• Are there any flat spots?
• Is the vessel wider than the gauge of the
needle?
• How deep is the access? This will affect
your angle of needle entry.
Cannulation sites:
• Stay more than a needle length (1.5
inches) away from the anastomosis.
• Avoid curves, flat spots, and aneurysms.
• Unless you use the Buttonhole technique,
rotate sites to avoid the last sites used (scabs).
Steal syndrome:
• Is the patient’s access hand colder than the
other hand?
• Have the patient squeeze your hands—is
the access hand weaker than the other?
Alerting the nurse to a change in the thrill or
bruit may get a failing access repaired in time.
Patient Teaching
Teach your patients to feel their thrill
at least once a day and alert the charge
nurse and/or nephrologist right away if
there are any changes. Be sure that they
know that a change in the thrill (or in the
volume of the bruit) can mean blood flow
through the access is slowing down. The
fistula may be clotting, and quick action
could help save it. If you notice this at a
treatment, tell the charge nurse, so it can
be assessed before needles are placed.
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Prepare Access Skin
Apply a Tourniquet
Patients must wash their access arms before treatment. Washing some germs off the skin before
placing needles helps lower the risk of infection.
Antibacterial soap or an alcohol-based gel are
best for this.
Always use a tourniquet when you place
needles in a fistula, even when it is large.
The tourniquet:
Before each treatment, you will clean the patient’s
access site to help keep germs from getting into the
bloodstream when the dialysis needles are inserted.
Infection is a common cause of death in HD
patients because:
idney disease can dampen the immune
K
system.
Many patients have diabetes, which makes
them more prone to infection.
Hospital stays and surgeries put patients in
contact with many germs.
HD clinics have other patients and staff who
carry germs.
Staff don’t wash their hands or follow other
infection control practices. This one is
preventable with your help.
Before needles are placed, clean and prep the
patient’s skin with one of the products in Table 1.
elps you see the fistula better
H
Helps you find the right angle for the needle
Gives you a better “feel” for cannulation
Can reduce the risk that you will infiltrate
the back wall
Promotes a “cleaner” entry
Helps keep the fistula from rolling
Apply the tourniquet as far from the fistula as you
can (just below the armpit). This helps distribute
pressure evenly and lowers the risk of infiltration.
A tourniquet should never be so tight that it
causes pain, tingling, or cuts off blood flow to the
fingers. Use a tourniquet only to place needles.
Take it off once the needles are in place.
About Dialysis Needles
Two needles are needed for each treatment. One
pulls the blood that will go to the dialyzer. The
other returns the blood to the patient’s body. To
manage the large amount of blood that is needed,
large needles are used. Needle size is measured
in standard gauge numbers. The smaller the
number, the larger the needle. This means a
15-gauge needle is larger than a 16-gauge needle.
Table 1: Access skin prep options
Product
70% alcohol
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Works best
How to use
Just before placing
Use a 60 second circular rub on each site13
the needles
10% povidone iodine
Dry
Wait 3 minutes before putting in needles13
2% chlorhexidine gluconate/ 70%
isopropyl alcohol (ChloraPrep&reg;)
Dry
Scrub back and forth for 30 seconds, then wait
30 seconds before putting in needles14
Sodium hypochlorite (ExSept&reg;Plus)
Dry
Wait 2 minutes before putting in needles15
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Dialysis needles are usually made of steel and are
thin-walled, with a 15 or 16 gauge. Most come
in a sterile package of two:
ne arterial needle with a back-eye for
O
ease of inflow and a red clamp
One venous needle for outflow with
a blue clamp.
For special needs, some needles are longer or
shorter, bigger or smaller. Blunt tip needles are
used for Buttonhole cannulation (see page 132).
5
Cannulation is a gentle technique. You will use
these steps as a fluid motion, with no jabbing,
digging, or probing with the needle:
hoose your angle.
C
Push the needle through the skin and tissue
until you feel a release of pressure.
Check that you get a flashback (blood in the
tubing).
Flatten the angle.
Advance the needle.
Do not “flip” the needle (turn it 180&deg; after it is
in the vessel).16-17 Flipping the needle can:
Stretch the skin hole, so blood oozes
during treatment after the patient
gets heparin
Stretch the blood vessel hole, so bleeding
into the tissues bruises the access
Tear the lining of the vessel
Cause infiltration (leakage of blood into the
patient's tissues.) See page 137.
Know where you will place both needles ahead
of time. Try to leave space beyond the venous
needle for another needle in case the first try does
not work or infiltrates. The arterial needle is
always placed closest to the hand. Keep in mind
how much is at stake for your patient, and how
vital it is for you to preserve their lifelines.
Depending on your clinic’s procedures and how easy
or hard it is to place needles in a certain patient’s
access, you may do wet or dry cannulation:
Figure 5: AV Fistula Needle with MasterGuard&reg;
anti-stick needle protector.
Photos reproduced with permission of Medisystems, Inc
MasterGuard is a registered trademark of Medisystems.
Insert Needles
Feel for the depth of the fistula before you place
needles. The angle of needle entry will vary based
on the depth of the access. You will use a steeper
angle with a deeper access.
et cannulation is done with a saline-filled
W
syringe. It can be useful for hard insertions
or for patients who clot very quickly.
Dry cannulation uses the HD needles
without saline.
Follow your clinic’s procedure for placing needles
after cleansing the sites. Note: If you can’t place
a needle, find another staff person to do it. Most
patients can tell you who has most success with
their fistulas.
129
Vascular Access
Which Way Should the
Needles Go?
You may wonder which way to point the needles.
The venous needle is always placed antegrade
(in the direction of the blood flow). This helps
prevent turbulence when blood returns to the
patient. Be sure this needle is “downstream”
(most often closer to the patient’s heart) from the
arterial needle to keep newly dialyzed blood from
recirculating.
The arterial needle is placed closest to the arterial
anastomosis. It receives blood from the artery.
To be sure you know which is the arterial needle
area:
Use one finger to compress the center of the
vascular access for a few seconds
The arterial end will dilate and grow firm,
with a strong pulse and a loud bruit
The venous side will collapse, due to
reduced flow
The arterial needle can be placed antegrade
or retrograde (against the blood flow; most
often toward the hand). The direction does not
seem to affect the dose of HD.18 But, each HD
needle cuts a flap in the vessel wall. When an antegrade needle comes out, the blood flow will hold
the flap closed. But when a needle is retrograde,
the blood flow will hold the flap open (see Figure
6). One study that looked at fistulas at autopsy
found much more vessel scarring from retrograde
needles.19 When patients put their own needles in,
they use antegrade placement for both.
No matter which way your clinic suggests for the
needles, two rules will help prevent cannulation
problems so patients get a good HD treatment:
eep the needle tips at least 1.5 inches apart
K
Stay at least 1.5–2 inches away from the
anastomosis
Rope Ladder Technique
(Rotating Sites)
When the patient comes in for a treatment, look
for the scabs from the last treatment and choose
different sites so the first ones can heal. This is
called rotating sites, or the rope ladder technique.
Picture a ladder with rungs—the first day you
put needles on two different rungs. Then, at each
treatment, you chose two new rungs until you
reach the top of the ladder, then start over again
at the bottom. (See Figure 7.)
￼
Venous site-rotation
cannulation sites
Arterial site-rotation
cannulation sites
Antegrade insertion
Pseudoaneurysm
Retrograde insertion
Proper site rotation cannulation technique with
rotation of both venous and arterial needle sites
Figure 7. Rope ladder technique
Drawing adapted with permission from D. Brouwer
Blood flow direction
Vein wall
Figure 6. Antegrade versus retrograde placement
Woodson RD, Shapiro RS. Antegrade vs. retrograde cannulation for percutaneous hemodialysis. Dial Transplant. 1974;3:29-30. This material is reproduced
with permission of John Wiley &amp; Sons, Inc.
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Rotate sites to help prevent aneurysms (weak spots
in the vessel wall that balloon out). Patients may
ask you to cannulate aneurysms because it hurts
less. Tell them that aneurysms can rupture (burst)
if needles are placed in them. A burst aneurysm
is a medical emergency. When a fistula can carry
600+ mL/min of blood, the patient could quickly
bleed to death.
Buttonhole Technique
With the rope ladder technique, we choose
different needle sites at each HD treatment. For
the Buttonhole technique, we use the same sites
over and over. Here is how to do it:
Place sharp needles into the same two sites at each
treatment, at the same insertion angle (see Figure
8). In 3–4 weeks (treatments), a scar tunnel
forms, like a pierced earring hole.20
The Buttonhole technique works best if the same
person places the needles at each treatment until
the sites are formed. It’s ideal if this person is the
patient. It’s a good idea to take a digital picture of
the original cannulator’s hand, the needle angle,
and enough of the access anatomy to help keep
everything the same each time. Once the tunnels
are formed, blunt needles are used (see Figure 9)
to avoid cutting the tunnel, which can cause
oozing during HD.21 Don't push the needles in
all the way to the hub. This can enlarge the
Buttonhole and cut the tunnel.
The KDOQI guidelines say we should encourage
patients who are able and can reach their access
to self-cannulate. And, the preferred way is the
Buttonhole technique.2
The Buttonhole technique has been used in
Europe since 1977. It is becoming more popular
in the United States. It was first used on an access that had little surface area for needles.
5
Dr. Zbylut Twardowski, who invented the technique, and others have found that it has fewer
missed needles, bruises, aneurysms, and infiltrations.20, 22-24 Patients and staff prefer it.25-27 Only
one study to date has found more bruising and
pain with the Buttonhole technique than with
rope ladder cannulation.28
The Buttonhole technique can have a higher
risk of infection. Using careful technique to clean
the skin and remove the scabs can solve this
problem.29 Before patients sit down, they need
to wash their access sites to help reduce the
number of germs on their skin. This can be
done with soap and water, alcohol-based gel,
or an alcohol wipe.
A two-step protocol after patients wash their
access site can reduce Buttonhole infection:23-24, 30
1. Remove scabs from the last treatment.
Moisten the scabs first so they stay in one
piece. (Patients can tape an alcohol-soaked
swab over their scabs at home to kill bacteria
and moisten the scabs at the same time.)
• Use sterile tweezers to remove scabs. Never
use fingernails or the tip of the fistula needle
that will be inserted.
• Or, use a blunt needle that comes with an
FDA-approved, sterile scab-lifting pic.
2. After the scabs are off, wash Buttonhole sites
again with chlorhexidine, alcohol-based gel,
or an alcohol wipe.
*The Buttonhole technique can be used ONLY
on a fistula, NEVER on a graft. Fistulas have
only native blood vessels. Muscle fibers in the
vessel walls snap shut when a needle is removed,
closing the hole. This is why it is safe to use the
same holes over and over. Synthetic graft walls
have no muscle fibers. Using the same holes
could cause exsanguination (severe blood loss).
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Secure Needles
After Insertion
Using a sharp AV fistula
needle, grasp the needle
wings and remove the tip
protector. Align the needle
cannula, with the bevel facing
up, over the cannulation site
and pull the skin taut.
After the needles are placed, they must be secured
so they don’t move or pull out. The butterfly
tape technique is a way to secure the needles
(see Figure 8):
Cannulate the site. It is
important to cannulate the
developing constant-site in
the exact same place, using
the same insertion angle and
depth of penetration each
time. This requires that a
single cannulator perform all
cannulations until the sites
are well-established.
arefully place a piece of 1-inch wide
C
adhesive tape, 6 inches or longer, under the
fistula needle, sticky side up.
Fold the tape so it crosses over the needle
site on each side. Press the tape to the
patient’s skin to secure the needle.
Then, place a bandage or 2 x 2 gauze pad
over the needle and secure it with another
6-inch piece of tape.
A flashback of blood
indicates the needle is in the
access. Lower the angle of
insertion. Continue to advance the needle into the AV
fistula until it is appropriately
positioned with the vessel.
Watch all patients’ needles during treatment.
Get in the habit of looking under each chair
often for pooling blood. The CMS Conditions
for Coverage require access sites to be visible at
all times during treatment. Teach your patients
to always keep their access arms in plain view.
You need to be able to see as soon as possible if
a needle comes loose. A needle that pulls out
or lines that come apart could lead to
exsanguination or death. Each year in US
dialysis clinics, some patients bleed to death.
This should never happen.
Securely tape the AV fistula
needle and proceed with
dialysis treatment per
clinic protocol.
Figure 8: Buttonhole technique
Drawings used with permission from Medisystems, Inc.
Buttonhole needle (blunt)
Regular needle (sharp)
Figure 9: Buttonhole versus regular needle.
Figure adapted with permission from Lynda Ball
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Help Patients with
Needle Fear
In the general public, at least 1 person in 10 has a
physical fear of needles—a type of specific phobia
about injections, blood, or injury.31 People with
this fear have an involuntary vasovagal (feeling
faint) response to needles, the sight of blood,
surgery, etc.31
irst, the pulse speeds up and blood pressure
F
rises
Then, the pulse slows, blood pressure drops,
stress hormones are released, and heart
rhythms may change (this can be fatal)
Patients may become pale, sweaty, nauseated,
dizzy, and may pass out
Some fearful patients choose peritoneal dialysis
(PD) to avoid needles. But PD patients may one
day need to switch to HD. Patients with needle
fear may be able to short circuit the vasovagal
response. Some of these tips may help:
ay the chair flat to keep blood in the brain
L
so the patient doesn’t pass out.
Have the patient tense the muscles of his or
her non-access limbs for 10 or 20 seconds,
relax, and then re-tense them until the
needles are in. (Get the patient’s doctor’s
okay first). This can briefly raise blood
pressure and prevent the vasovagal
response.32
Reduce needle pain using techniques in
the next section. Pain is part of the cause
for the fear.
Teach patients how to put in their own
needles. This distracts them from the pain
and replaces it with control. (See Appendix
for a manual on how to teach patients to
self-cannulate.)
5
Reduce Pain from
Needle Insertion
Staff Techniques
HD needles are large to allow enough blood flow.
So, needle placement can hurt. The goal is to
insert the fistula needles easily, with as little pain
and trauma to the access as you can. This threepoint technique can help you reduce needle pain
and aid cannulation:33
1. After you put on the tourniquet, place the
thumb and forefinger of your non-needle hand
on either side of the fistula, just above where
the needle will go.
2. With the pinky or ring finger of your needle
hand, pull the skin tight and press down to
keep the vein from rolling (see Figure 10). The
tighter you hold the skin, the more easily the
needle can go in, which will reduce pain.
3. Pressing on the skin will block pain-to-brain
feeling for up to 20 seconds—long enough to
place a needle.33
Figure 10: Three-point technique for needle insertion
Figure adapted with permission from Lynda Ball
Patient Techniques
Other ways that patients can reduce pain include:
Breathing techniques
Guided imagery
Listening to music
Distraction—have the patient in the next
chair or a staff person talk with your patient
while you insert the needles
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Local Anesthetics
Local anesthetics numb the skin to reduce needle
pain. Options include:
Intradermal (injected into the skin) lidocaine
Ethyl chloride spray
Topical creams or gels applied to the
skin’s surface
Lidocaine Injection
An injection of 1% intradermal lidocaine can be
used to numb the tissue (see Figure 11).
NOTE: Since lidocaine is injected with needles, it
will not help patients who have needle fear.
lean the needle sites first.
C
Use a separate 1 mL or tuberculin syringe
and needle for each site.
Inject the lidocaine just below the skin into
the tissue above the graft or fistula. (Never
inject lidocaine into the patient’s fistula
vein; this would allow it to enter the bloodstream.34) The lidocaine will form a bubble
or wheal just under the skin. Lidocaine
burns, so use only a small amount.34
The lidocaine may leak out and/or bleeding may occur at the injection site. Use a
sterile gauze pad to wipe away any leakage or
bleeding.
Lidocaine is a vasoconstrictor that can make the
fistula smaller and pull it a little deeper under the
skin. While there is no research on this, some
believe it may make cannulation harder. Patients
whose fistula is very close to the skin’s surface
may have less pain without lidocaine. The patient
can compare the amount of pain if you use
lidocaine with one needle and not the other. Per
your clinic’s policy, let the patient choose which
method he or she prefers.
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Figure 11: Intradermal injection of local anesthetic
Ethyl Chloride Spray
Ethyl chloride spray can be used to numb the
skin. The spray creates a cold feeling. It does not
numb the tissue under the skin, so a patient with
a deep access will still feel pain when the needle
enters the vessel. Ethyl chloride spray is not sterile and it is highly flammable. To use it:
ave the patient clean his or her needle sites
H
Spray the skin with ethyl chloride
Clean the skin again before placing
the needles
Topical Anesthetics
Patients must apply these to the skin at least an
hour before a treatment. Remind patients to wash
their hands after putting on the cream and keep
their hands away from their eyes to prevent
damage to their mucous membranes.
It takes time for topical anesthetics to work:35
o numb the top 3 mm of tissue, apply the
T
cream 1 hour before treatment
To numb the top 5 mm of tissue
(for a deeper access), apply the cream
2 hours before treatment
After putting on the cream, cover it with
a Tegaderm&reg; dressing or plastic wrap to
keep it in place
Wash the cream off before treatment
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Some examples are:
rescription EMLA™ cream
P
(2.5% lidocaine/2.5% prilocaine)
Over-the-counter Less-n-pain™
(4% lidocaine)
Over-the-counter L.M.X.&reg; (4% lidocaine)
Over-the-counter Topicaine&reg; (4% or 5%
lidocaine)
Like injected lidocaine, the creams cause
vasoconstriction of the fistula.
Teach Patients to Put in
Their Own Needles
The Conditions for Coverage give patients certain
rights. One right patients have is to take part in
their care. In the Interpretive Guidance CMS
surveyors use when they inspect dialysis clinics, it
says this:
“Patients have the right to know about and
participate in their care and treatment to the
extent they desire. Self-cannulation may be
performed by the patient in any facility upon
receiving appropriate training and demonstrating
competence, should they so choose.” 36
Clinics do not need a special certificate or
approval to teach patients how to put in their
own needles.12
See Appendix for a step-by-step guide to teaching
your patients how to put in their own needles.
5
Fistula Care After a
Treatment is Over
At the end of a treatment, you will untape and
remove the needles per your clinic’s policy. Then,
pressure must be applied to the needle sites so the
patient stops bleeding:
emove a needle all the way before you
R
press on the skin. You could cut the inside
of the patient’s access with the needle if you
press too soon.
Follow your clinic’s policy to apply the right
amount of pressure to the puncture sites.
The goal is to stop bleeding. But, you don’t
want to damage the access or stop blood flow
through it, which could raise the risk of a
blood clot.
Teach your patients how to hold their own
sites after a treatment. They can hold one
site at a time (it takes 2 fingers). Your clinic
policy may be to remove one needle and
hold the site, then remove the other. Or, if
both needles are removed, you or a family
member will need to hold the other site.
Tips to Increase Fistula Life
Use the Buttonhole technique or rotate
needle sites at each treatment. Do not keep
cannulating a fistula in the same general
area. This could cause an aneurysm.
Teach the patient not to allow IVs, routine
blood draws, or blood pressure checks on
the access arm. “Save the Vein” cards or
wristbands can be helpful for when blood
draws are needed.
Keep accurate and detailed records of
each treatment. If you see any problems
with the patient’s access, tell the nurse
or the doctor.
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Fistula
Complications
Knowing about common access problems and
how they are treated can help you preserve your
patients’ lifelines—and lives.
Infection
Never put needles into a fistula that looks
infected. The fistula needle can push skin germs
into the patient’s bloodstream. This can cause
sepsis (blood poisoning), one of the leading
causes of death in people on HD. Tell the nurse
right away if you see signs of infection so he or
she can call the nephrologist.
Complications of
Fistulas During
Treatment
Some fistula problems occur only during a
treatment.
Line Separation
Exsanguination can occur if a needle comes out,
the lines come apart, or the fistula ruptures:
o keep needles in place, follow your clinic’s
T
procedures for taping (see Secure Needles
After Insertion on page 132).
Fasten the bloodlines securely.
Set the arterial and venous pressure monitor limits. These monitors can help prevent
severe blood loss if they are armed and
working. NOTE: A slow blood leak (say,
from a dislodged needle) may not cause a
big enough drop in venous pressure to set off
the alarm—but can still cause a lot of blood
loss. And, you may not see the blood if the
patient’s arm is under a blanket. This is why
patients must keep their accesses in plain
view at all times during a treatment.
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I f a patient is losing blood through the
tubing, turn off the blood pump and clamp
the bloodlines. Press on the needle site if
the needles were pulled out. Oxygen, saline,
or meds may be needed if a lot of blood was
lost. If needed, start emergency procedures
(e.g., call 911) per your clinic's policy.
Air Embolism
Air in the patient’s bloodstream can stop the flow
of blood—much like a blood clot. If enough air
enters the bloodstream, the heart pumps foam
instead of fluid blood. This can cause the heart to
stop. Bloody foam in the lungs makes it hard to
breathe. An air embolus in the brain can mimic
a stroke. Depending on where the air goes, the
patient may:
eel very anxious
F
Have trouble breathing and turn blue
Have trouble seeing
Have low blood pressure
Become confused, paralyzed, or unconscious
Newer HD machines do not permit alarm
overrides. If your clinic has older machines,
always check that the air/foam detector is
armed and working before each treatment and
when you return the patient’s blood. If the
air/foam detector alarm sounds, look at the
venous line for air before you turn off the alarm.
No air should be in the tubing between the
air/foam detector (or below the venous drip
chamber) and the patient. The air/foam detector
should stop the blood pump if there is air in the
venous drip chamber. If you see air, tell the nurse
right away.
If you suspect that any air has entered the
venous line, have the patient lie in Trendelenburg position (with the head lower than the
feet), on his or her left side and tell a nurse
right away. Lying on the left side decreases the
chance that air will travel to the brain and the
pulmonary artery.
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Take These Steps to Protect
Your Patients From Blood
or Air Leaks:
5
Tips to Prevent Infiltration
Closely follow the needle placement
technique used at your clinic, and:
S ecure all line connections to keep
them from coming apart.
ook at the blood tubing injection ports
L
for micro bubbles after you draw samples
or give IV solutions. If you see air in the
line, tell the nurse right away.
on’t let blood tubing touch the floor; it
D
could be stepped on and pulled apart.
Infiltration/Hematoma
An infiltration means the needle tip goes into
the fistula and out the other side (see Figure 12).
Blood leaks out into the patient’s arm, causing
pain, bruising, the need for an extra needle, and
loss of trust in the staff. Infiltration is the most
common problem of needle placement. It occurs
less often when staff have more practice placing
needles. Even one infiltration can harm an
access. The hematoma (pocket of blood under
the skin) makes the arm swollen, hard, red, and
painful. A hematoma can also squeeze the access,
which slows blood flow and could lead to a clot.
If there is an infiltration, machine alarms
may go off:
n infiltrated venous needle will raise the
A
venous pressure. This will set off the venous
pressure alarm to stop the blood pump.
An infiltrated arterial needle will make the
arterial pressure more negative.
Skin
Soft tissue
Vein
se a gentle technique.
U
Don’t rush.
Develop a feel for the least bit of
resistance in the vessel.
Level the needle to the surface of the
skin. Advance it slowly up to the hub
as soon as you feel a pressure change
and can see a flashback of blood in the
tubing.
Never flip the needles.
Flush the needles with saline after
insertion to check for good placement
(no pain, swelling, or resistance to the
saline flush).
What To Do If a Needle Infiltrates
You will need to place a new needle and help the
patient with the pain and swelling:
emove a needle that infiltrates before
R
heparin is used.34 Have the patient apply
pressure to the site, just as he or she would at
the end of a treatment.
If infiltration occurs after the patient gets
heparin, the nurse may tell you to leave the
needle in place. You will then need to place
a second needle beyond the site of the
infiltration (most often above).34
If a hematoma forms, give the patient an ice
pack wrapped in a washcloth to help reduce
the swelling. The patient should keep ice on
for 20 minutes, off for 20 minutes, on for 20
minutes, etc.37
Document the cause and the outcome of the
infiltration.
Do not subtract the time you spend taking
care of an infiltration from the patient’s total
HD run time. Lost minutes lead to poor
treatment. Add the lost time to the end of
the treatment to be sure the patient receives
the prescribed dose.
Figure 12: Needle infiltration
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Bleeding During
Hemodialysis
Bleeding around the needles during a treatment
may be a minor problem, like oozing at needle
sites. Or, it may be a life-threatening emergency,
like a needle falling out when the blood pump
is running. Frequent loss of small amounts of
blood during HD adds to the risk of anemia, a
shortage of red blood cells.
Don’t flip needles! This practice stretches the
hole so it is larger than the needle, causing oozing
around the needles during HD or bleeding into
the tissues after heparin is given. Coring (scraping
out the tissue) of the vessel wall may also occur.
Use a back eye needle for the arterial draw so
there is no need to flip the needle. If oozing does
occur, place a sterile dressing over the site.
A lot of bleeding during HD may mean a tear
in the blood vessel or bleeding from inside the
access. This emergency can be deadly. Call the
nurse or doctor right away.
Recirculation
Recirculation means dialyzed blood coming back
through the venous needle mixes with blood
going into the arterial needle. The mixing means
dialyzed blood goes back to be cleaned again—
while the rest of the patient’s blood is not cleaned
enough. So, recirculation means a poor treatment. Over time, poor HD can lead to symptoms of uremia.
Recirculation can occur when:
lood flow in the fistula is lower than that
B
of the blood pump (&lt;300–500 mL/min),
perhaps due to a stenosis
Lines are reversed
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In severe cases, recirculation will re-clean the
same blood so much that it turns dark from
lack of oxygen (“black blood syndrome”). More
often, the patient may not feel any short-term
symptoms. A recirculation test may be done 30
minutes into an HD treatment if:
e HD dose drops—as seen by a drop in
Th
URR or Kt/V
The blood flow rate drops due to higher
venous pressures
The team thinks stenosis is present
To prevent recirculation, feel the patient’s access
to find the direction of blood flow. Place the
needles accordingly.
Long-term
Complications
of Fistulas
Steal Syndrome
A fistula can steal too much blood from the
hand and send it through the access—this is steal
syndrome.38 Patients with steal syndrome have
hand pain that can range from minor to severe.
In most patients, this pain lessens over time as
new blood vessels grow and bring blood to the
area (called collateral circulation).
People with neuropathy (nerve damage) due to
diabetes or blood vessel disease must be watched
closely. Their symptoms may get worse, and they
may need surgery to fix the blood flow.38
Watch for and ask your patients about:
ain, tingling, or feeling cold in the access
P
limb
A change in motor skills in the hand
Nail beds that are blue in color
Necrotic (dead, black) spots on the skin
Loss of feeling in the access limb
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Tell the nurse if you suspect steal syndrome so he
or she can call the vascular surgeon right away.
In the meantime, try to keep the patient’s hand
warm during HD. A mitten or tube sock on the
hand may help. Ask the patient if moving the
access arm to a different position makes it feel any
better (by bringing more blood to the hand).
Aneurysm
If you had one square foot of stiff fabric, like
denim, and you cut lots of little holes into one
3-inch square of it, what would happen? That
part of the fabric would stretch or bulge if you
pushed on it. An aneurysm is the same way. If
you put needles into the same small section of a
fistula treatment after treatment, the vessel wall
can weaken and bulge. (This is not the same as
the Buttonhole technique, which uses the exact
same holes over and over.) Rotate needle
puncture sites or use the Buttonhole technique
to prevent aneurysms.
Aneurysms are more likely to occur upstream
(toward the heart) from a venous stenosis.10 The
sites are easy to see. Follow their progress and
note any skin changes.
Do not place needles into an aneurysm.2
Cannulation must always be done in a fullthickness vessel wall. Aneurysms leave less surface
area to place needles. Surgery is needed when the
skin over the aneurysm shows signs that it may
rupture such as:
arked thinning
M
Ulceration
Bleeding
Clots can also form in the “dome” of the aneurysm.
These clots are a good hiding place for bacteria.
The risk of infection is another reason a patient
may need surgery to repair the aneurysm.
5
Stenosis
Stenosis is a narrowing of the blood vessel that
slows blood flow in an access (see Figure 13). It is
caused by injury of the blood vessel lining. This
injury scars the blood vessel and creates flow turbulence. The turbulence leads to overgrowth of
smooth muscle cells. The KDOQI guidelines say
that reduced blood flow through a fistula predicts
blood clots and access failure.2
Cephalic vein
Radial artery
Stenosis
Figure 13: Stenosis in a fistula
There are three major sites where stenosis is
likely to form:
1. Inflow – the most common type of inflow
stenosis is called a juxta-anastomotic stenosis
(JAS). It is found in the vein right next to the
anastomosis. A JAS will keep a fistula from
maturing because it does not allow enough
blood to enter. A JAS may be due to stretching, twisting, or other trauma during the
surgery.10 You may be able to feel a JAS as a
flat spot just past the anastomosis.
2. Outflow – in fistulas, stenosis can occur
anywhere along the outflow vein. It may occur
in a spot where the patient has had an IV in
the past. The section of fistula past the stenosis
may be smaller. This can make needle placement harder, due to fear of infiltration.
3. Central vein – central venous stenosis occurs
in the central veins, right or left sub-clavian,
inominate, and superior vena cava. If the
doctor believes there is a stenosis, the venous
system should be checked from the fistula to
the heart. This problem is most likely due to
CVC placement in the past.
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All patient care staff need to watch for and report
these symptoms of stenosis:
high-pitched or louder bruit
A
Pounding or “water-hammer” pulse
A bruit where each sound is separate—
whoosh...whoosh...whoosh)
Less thrill
Trouble inserting or threading the HD
needles
Swelling of the patient’s access limb
Higher venous pressure during treatment, so
you must turn the blood pump down
Recirculation
Extracorporeal system clotting during
treatment
More bleeding after needles are removed
after HD
“Black blood syndrome”
Drop in Kt/V and URR
Not being able to get the prescribed blood
flow rate
To find stenosis, a doctor injects dye into the
vessel. Any narrow spot will then show up on
an X-ray (fistulogram or venogram). Stenosis may
also be found by color Doppler ultrasound.2
These methods let the doctor pinpoint where the
narrow spot is.
Some cases of stenosis can be treated with
angioplasty. The doctor threads a catheter with
an inflatable balloon tip into the vessel. Once the
balloon is in place, he or she inflates it to expand
the lumen (diameter) of the vessel. This is an
outpatient procedure. Or, surgery may be needed
to try to repair the access. Stenoses may recur
after treatment.
Thrombosis
Thrombosis (blood clots) occurs in all types of
access. Clots occur about 2.5 times more often
in grafts than in fistulas.39 But, a fistula can clot
and it is a serious problem. Blood has a number of
ways to stop a wound from bleeding by forming a
clot. These include clotting proteins and platelets
—cells that clump together to seal off damage.
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Patient Actions to Prevent Blood
Clots in a Venous Access
To help prevent clots, patients should:
S top medical staff from using the access
or access limb for routine blood draws,
IVs, or blood pressure checks
Feel for the thrill and listen to the
bruit each day to be sure they are
patent (open)
Think about learning to self-cannulate
to reduce the risk of mispuncture
Patients should learn not to:
S leep on the access arm
Put too much pressure on the puncture
site after removing the hemodialysis
needles
Wear tight-fitting clothing or jewelry
that squeeze the access arm
Carry heavy objects across the arms
that compress the access, such as a
purse or grocery bags
Use the access for IV drugs
Wear a watch on an arm with a lower
arm fistula
Platelets clump when they are “activated.”
Contact with damaged blood vessel walls or
turbulence inside a blood vessel can activate
them. Activated platelets and damaged tissues
signal the clotting proteins to form a strong net
of fibers (fibrin). This net traps more platelets and
red blood cells, so the clot grows bigger and gets
more solid (see Figure 14).
A clot can start to form any time there is low blood
flow. Blood flow can be low due to a blood
pressure drop at treatment, dehydration, or something that squeezes the access, like a bracelet, a
watch—or a hematoma. When blood flow is low,
blood pools at a damaged surface—like a needle
site. Blood flow through a fistula stenosis may
cause enough turbulence to activate platelets, so
they stick to the vessel wall and form clots.
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Needle insertion
Platelet activation
5
Fibrin trapping platelets and bloods cells
Surface clot (scab)
Clot
Figure 14: Blood clotting at a needle puncture site
Early thrombosis in a new access is most often
caused by:
ow blood pressure
L
Problems with the anastomosis or twisting of
the blood vessel
Stenosis
Low blood flow due to:
• Low blood pressure
• A cardiac arrest
• Hematoma after surgery or if the access
is used too soon
Late thrombosis may develop in a fistula that was
working. It can be caused by:
urbulence due to stenosis
T
Hematoma from an infiltration
Holding too much pressure for too long
to the needle sites after treatment.
The correct way to hold
needle sites is to:
• Hold pressure on each needle site for
no more than 20 minutes
• If bleeding lasts longer than 20
minutes, ask the nurse to look at the
heparin dose and check for an access
problem, like stenosis
These signs may mean that a patient’s access is
clotting:
ess thrill and bruit
L
Poor blood flow through the access
Not able to obtain the prescribed blood
flow rate
Sudden swelling of the access arm hand in a
patient with a history of stenosis and blood
flow problems
Abnormally high venous pressure readings
during HD
A high recirculation rate – always check if
the needle placement may have had an effect
before calling the nephrologist
Increased transmembrane pressure (TMP)
Suspect thrombosis if you feel no pulse or thrill
and hear no bruit along the outflow vein.
Thrombosis in an access that was working often
follows stenosis. Tell the team if you suspect
stenosis or thrombosis so the nephrologist and/or
vascular surgeon can be called. Report signs of
poor blood flow through the access. Early detection and repair of stenoses may help save the access. When you follow proper technique to place
needles and apply the right amount of pressure
to the needle sites after treatment, you help
reduce the risk of thrombosis.
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Routine access monitoring can help find patients
who are at risk for thrombosis and get them
treatment early. The KDOQI guidelines say
that clinics should have a program to do this.2
Fistulas can be monitored with:
ynamic and static venous pressure
D
measures
Access flow measures
Duplex ultrasound
Thrombosis can be treated by breaking up or
removing the clot. This can be done with surgery
or drugs that dissolve clots. Most of the time, a
stenosis is the cause of a clot. The stenosis may
be fixed with surgery or angioplasty after the clot
is removed. Interventional radiologist Dr. Perry
Arnold says a thrombosed fistula can be rescued
for up to 14 days after it clots.40 The sooner a clot
is treated, the better the chance that an access can
be saved.
High Output Cardiac Failure
A fistula can be one cause of high output cardiac
failure. This is a complex problem in which the
fistula brings more blood to the heart and less
to the arms and legs. Then, the heart works so
much harder to try to bring more oxygen to the
arms and legs that it can fail.41
Patients with high output cardiac failure may have:
apid pulses as their hearts try to make up
R
for extra blood flow (20% or greater) from
the access
Shortness of breath if the blood does not
contain enough oxygen
Swelling in the hands and feet because return
blood flow to the heart is poor
Over time, if the problem is not treated, it can
cause chest pain, fluid in the lungs, abnormal
heart rhythms, and even death.
High output cardiac failure can also be caused by
anemia or by heart disease the patient had before
the access. Prevention is best aimed at treating
anemia and creating an access that will not tax
the patient’s heart.
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If high output cardiac failure occurs:
aining less fluid between treatments will
G
reduce the strain on the heart
Longer and/or more frequent treatments may
help with fluid gains, reducing the strain
Medications may be given to help the heart
beat more strongly
Ask patients if they have any changes in their
overall health and energy level. Patients who have
this problem may need surgery to reduce blood
flow through the access. The surgeon may band
the arterial anastomosis or even tie off the fistula.
Grafts
An arteriovenous graft is an artificial blood vessel
used to link an artery and a vein. Grafts may be
straight, curved, or looped. Some designs provide
a larger surface area for needle insertion.
Graft Materials
Biologic or synthetic materials can be
used for grafts.
Biologic
Human and animal materials have been used for
grafts, but this is rare. Some human biologic
grafts were made from a vein from the patient’s
leg. Veins from the umbilical cords of newborn
infants were also used, but had high rates of
infection and aneurysms.
Bovine (cow) and ovine (sheep) carotid arteries
and bovine mesenteric veins used for grafts are
treated to remove proteins that would cause the
human body to reject them. Some of the early
bovine grafts also had high rates of infection and
aneurysm. Today, there are two bovine grafts on
the market. They can be used for patients who
are not fistula candidates and who have failed
synthetic grafts.
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Synthetic
Synthetic materials are now used for nearly all
grafts. The most widely used material today is
expanded polytetrafluoroethylene, or ePTFE.
How Grafts are Made
A graft is made with a surgery that puts a “bridge”
from an artery to a vein. Incisions are made over
the vessel entry sites. The vein is checked to be
sure there is enough blood flow. A tunnel is then
made under the skin. The graft is attached to one
vessel, passed through the tunnel, and attached to
the other vessel (anastomosis) (see Figure 15):
S traight grafts are most often placed in the
forearm (radial artery to basilic vein)
Loop grafts are placed in the forearm
(brachial artery to basilic vein), upper arm,
or thigh41
The most common upper arm graft is
curved from the brachial artery to the
basilic or axillary vein
Looped graft
in forearm
5
A new graft should be placed at least 3–6 weeks
before use, unless a graft material is used that
can be cannulated right away.2 A graft should be
healed 2 weeks after it is placed. Cannulation can
start as soon as the patient’s arm swelling has gone
down. A graft does not need smaller needles to
start with. Use the standard gauge needles and
prescribed blood flow rate right away. If the
patient has a CVC, it should be removed as soon
as possible after successful cannulation.
HeRO&reg; Graft
The HeRO&reg; (Hemodialysis Reliable Outflow) is a
new graft option (see Figure 16). It can be used
for patients whose only choice was a catheter, due
to central venous stenosis and blockages:
e HeRO is a 6 mm ePTFE graft with an
Th
arterial anastomosis on one side
On the other side, the HeRO has a 5 mm
silicone outflow into a central vein, with the
tip in the right atrium of the heart
The HeRO is completely under the skin
It has continuous flow from the graft into
the outflow component
It is FDA approved as a graft, and needles
are placed in it just like any other graft42
To learn more, go to www.hemosphere.com
Straight graft
in forearm
Straight graft
in upper arm
Looped graft
in thigh
Figure 15: Examples of AVG locations
Figure 16: HeRO graft illustration
Used with permission from Hemosphere, Inc.
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Pros and Cons
of Grafts
Pros
Grafts are often used in patients who can’t have
fistulas, due to age or health problems, like
diabetes, that damage blood vessels. They
come in many sizes and shapes, and:
ake less time to mature before the
T
first cannulation
Size and blood flows don’t depend
on maturation
May have more cannulation space than
fistulas and be easier for staff to cannulate
Cons
The biggest problems with all grafts are infection
and thrombosis. Grafts may develop stenosis at
the venous anastomosis2 and they clot at a much
higher rate than fistulas. No graft material now
exists that is as good as a native blood vessel.
Starting HD
with a Graft
Wash Your Hands
Hand washing is always the first step before
you touch any access. Clean hands and clean
gloves help keep germs on the patient’s skin
from being pushed into his or her bloodstream
by the needle.
Change your gloves after you touch your face
or hair, the chair, or any other surface. The
Occupational Safety and Health Administration
(OSHA) requires you to wash your hands and
wear gloves to protect you and your patients from
infections.11
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The Conditions for Coverage12 require HD clinics
to follow the Centers for Disease Control and
Prevention (CDC) rules for infection control.
These rules are in force any time blood could
splash. So, you will wear gloves, a gown, eye
protection, and a face mask when you place or
remove needles.
See Module 6: Hemodialysis Procedures and
Complications to learn more about hand washing
and infection control.
Examine the Graft
You must assess a graft before each treatment.
Look for:
S welling and redness
Pain and tenderness
Drainage from puncture sites or from the
skin around the graft
Bruises
Healing at the needle sites from the last
treatment
Local warmth and fever
Listen for:
ruit – it should be low-pitched and conB
stant. Use a stethoscope to listen to the bruit
of the blood flow through the graft. The
sound should be strong and steady. Learn
how each patient’s access normally sounds.
Like the thrill, the bruit should fade over the
venous part of the graft.
Feel for:
Pulse – feel for a soft pulse that you can
stop by pressing down on it
Thrill – constant (feel it without pressing
down on it)
Skin temperature – should be normal,
not hot
Hardness or pain
Alert a nurse to a change in the thrill or bruit.
You may be able to help save a failing graft.
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Find the Direction of
Blood Flow
To find which way the blood flows, feel the entire
length of the graft. Press the middle of the graft
with two middle fingers. Feel for the pulse
and/or thrill on both sides of the spot you are
pressing on. You will feel the strongest pulse on
the arterial side. The pulse or thrill will be faint
or not palpable at the venous end.34 This information will help you to place the needles
the right way.
Prepare to Use
a Graft
The steps for preparing access skin, inserting
needles (see Figure 17), and using the rope ladder
technique are the same for grafts as for fistulas
(see page 130). Different graft materials may
have unique instructions for use. Read the graft
maker’s instructions for care and use.
Choose Needle Sites
Observe Blood Flow
For straight and loop grafts, choose the sites for
both needles before you place them:
A graft should have a strong blood flow from
the artery through the access and into the vein.
The pulse, or thrill, of a graft feels like a strong
pounding or buzzing with each heartbeat. You
should be able to feel it over the full length of the
access, but it should fade over the venous part of
the graft.
ivide the graft into equal halves at the
D
middle
Look for a site at least 1/2 inch away from
the last needle sites
Stay at least 1.5 inches away from an
anastomosis or visible stenosis or blockage
Keep the needle tips at least 2 inches apart to
avoid cannulation problems
Cannulate the arterial half by moving
towards the arterial anastomosis (staying at
least 1.5 inches from the anastomosis)
Cannulate the venous half by moving
towards the venous anastomosis (staying at
least 1.5 inches from the anastomosis)
Place needles along all three sides of the
graft, not just along the top
Be aware of where the tip of the needle will
be when fully placed. Grafts bend; steel
needles do not!
Patient Teaching
Teach your patients to feel their thrill at
least once a day and alert the nurse and/or
nephrologist right away if there are any
changes. Be sure that they know that a
change in the thrill (or in the volume of the
bruit) can mean blood flow through the
access is slowing down. The graft may be
clotting, and quick action could help save
it. If you notice this at a treatment, tell
the nurse, so he or she can assess it before
needles are placed.
5
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Needle Direction
The venous needle in a graft is inserted in
antegrade (with the flow toward the heart) placement. This is done to prevent too much venous
return pressure and damage to the blood cells.
Skin
Soft tissue
Vessel lumen
Needle punctures the skin
The arterial needle can be placed antegrade or
retrograde (against the flow, most often toward
the hand). Retrograde placement of the arterial
needle is preferred.43
Graft Care After
an HD Treatment
Graft care after an HD treatment is the same as
fistula care after a treatment (see page 135).
Needle travels through subcutaneous tissue
Graft
Complications
Complications of grafts include infection, stenosis, thrombosis, and pseudoaneurysm. The rate of
infection and thrombosis is higher in grafts than
in fistulas.
Needle enters the vessel
Needle is leveled out and threaded into vessel lumen
Figure 17: Needle insertion in a graft
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Infection
Staff failure to use good infection control
techniques is a main cause of infection. Your
clinic has policies and procedures for how to
prepare the needle site using aseptic (sterile)
technique. Always follow these steps to lower
your patients’ risk of infection.
Signs of an infected graft include pus, redness,
swelling, pain, fever, and chills. Tell the nurse
right away if you see any of these signs, so he or
she can call the nephrologist. The nephrologist
will give orders about cannulation, follow-up, and
antibiotics. Never cannulate an infected graft
without an order from a doctor.
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Stenosis
Stenosis at the venous end of a graft anastomosis is common, because the graft material can’t
stretch, but the native vessel can. When blood
rushes out of the graft, it causes trauma to the
lining of the vein it is attached to. This trauma
occurs 24/7, with each heartbeat. The body tries
to fix the trauma by laying down new cells. What
happens next is called neointimal hyperplasia:
eo = new
N
Intimal = blood vessel lining
Hyper = too many
Plasia = cells
The extra cells cause the vein to get narrower over
time, reducing blood flow and raising venous
pressure. Stenosis can also occur at any point
along the length of a graft.
The KDOQI guidelines say that grafts should
be checked for stenosis at least once a month.2
Grafts can be tested by checking venous pressure
or access flow. Learn your clinic’s policies and
procedures on the test(s) used to monitor for
stenosis.
Thrombosis
Thrombosis is the most common reason for
grafts to fail. A fading or absent thrill is a sign of
thrombosis. To check for thrombosis, look at the
graft and palpate for a thrill for the full length of
the graft. Teach patients how to palpate for the
thrill in their access and report any changes to the
staff right away.
Steal Syndrome
Steal syndrome can occur with grafts as well as
fistulas. It most often happens shortly after graft
placement. Severe steal syndrome that causes a
blue hand is a surgical emergency.
5
Watch for and ask the patient about:
ain
P
Tingling
Coldness in the access hand
A change in motor skills in the hand
Blue nail beds
Less feeling in the access hand
Alert the nurse or nephrologist if you suspect steal
syndrome. Try to keep the patient’s hand warm
during HD with a mitten or tube sock. Moving the patient’s arm to a new position may help
bring more blood flow to the hand.
Complications of Grafts
During Treatment
Many of the same HD-related problems that
happen with fistulas also occur with grafts.
See HD-related Complications of Fistulas
to learn about:
Line separation (see page 136)
Air embolism (see page 136)
Infiltration/hematoma (see page 137)
Bleeding (see page 138)
Recirculation (see page 138)
Steal Syndrome (see page 138)
Stenosis (see page 139)
Thrombosis (see page 140)
High output cardiac failure (see page 142)
Complications Related
to Poor Needle
Site Rotation
As you have learned, an aneurysm is a ballooning
of the vessel wall of a fistula. Pseudo means sham
or fake. A pseudoaneurysm is a visible widening
on a graft due to a weakness in the graft wall
(see Figure 18). Pseudoaneurysms can occur if
needle sites are not properly rotated in a graft.
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For a pseudoaneurysm to occur, the graft needs
a defect—like many needle holes in the same
area—and high pressure from a venous stenosis.
If the needle sites are not rotated, the holes from
each needle puncture will form larger holes, like
a sieve (see Figure19). Called “one-site-itis,” this
problem can have grave effects:
requent placement of needles in the same
F
zone damages the tissue above the graft.
This slows healing and weakens all the
protective skin layers.
In time, the pressure of blood flow will be
stronger than the weakened skin over the
graft, and the pseudoaneurysm may rupture.
If a graft ruptures, a patient can die in a matter
of minutes. No graft should be allowed to reach
this point! When you observe a graft before each
treatment, look for thinning, shiny skin and
unhealed needle sites in these dilated areas.2
Report any abnormality to the nurse.￼
Figure 19: “One-site-itis” photos
Photos reprinted with permission from Bard Peripheral Vascular
Central Venous
Catheters
Figure 18: AVG pseudoaneurysm
Photo courtsey of D. Brouwer
The KDOQI guidelines say to never put needles
into a pseudoaneurysm due to the risk of
bleeding, exsanguination, and death.2
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Far too many patients still start HD with a
catheter instead of a fistula or graft. Patients may
have an urgent need for treatment and no venous
access due to:
cute kidney injury
A
Peritonitis from peritoneal dialysis
Uremia with no matured fistula
A scheduled living donor transplant
Refusal of fistula or graft surgery
Access failure or infection
Central venous stenosis
M o d u l e
All of these events occur often. The good news
is that we can access the blood quickly using a
percutaneous (through the skin) non-tunneled
catheter or a subcutaneous (under the skin) tunneled catheter. These devices are made to be used
for a few days or weeks, but some patients may
need them for months or even years. The bad
news is that patients who use catheters are much
more likely than others to develop blood infections that can be fatal.
Catheters can damage the central blood vessels
and the heart. Patients with catheters should be
encouraged to see a surgeon about a fistula as
soon as they can. Some patients resist getting a
fistula or graft due to a fear of needles and/or of
how the access will look. Unfortunately, the risk
of sepsis increases the longer they wait.44
Types of Catheters
A central venous catheter is a large tube placed
into a central vein that leads into the heart.
Because HD removes and returns blood at the
same time, the tube has two side-by-side
chambers called lumens:
e end of the catheter that enters the
Th
patient’s bloodstream is the “tip.” The tip
has holes for blood entry and exit (see Figure
20).
The other end, or “tail,” is outside the body
with the two lumens apart.
Each lumen has a connector on the end.
The connectors attach to the bloodlines at
the start of a treatment.
The exit site (where the catheter comes
out through the skin) is covered by a
sterile dressing.
5
Internal jugular
Collarbone
Subclavian vein
Exit site
Dual lumens
Catheter tip
Figure 20: Internal jugular catheter
Short-term Catheter
Sometimes a patient needs only a few treatments
with a catheter. Patients with acute kidney injury,
infection, or a clotted fistula or graft may use a
short-term catheter. This type of catheter should
be in no longer than 7 days.2 Short-term catheters are only a few inches long because the exit
site is over the venotomy (cut in the vein). If the
patient still needs a catheter upon leaving the
hospital, this catheter should be exchanged for a
tunneled catheter.2
Tunneled, Cuffed CVC
A tunneled, cuffed catheter is longer than a shortterm catheter. The tail is placed through a tunnel
under the skin that goes from the venotomy
to the exit site, a few centimeters away. Most
tunneled catheters have a cuff made of fibrous
material about 5 mm wide that wraps around
the catheter. The cuff is placed about 1 cm up
the tunnel from the exit site. Healing tissue
inside the tunnel grows into the cuff. This keeps
the catheter from pulling out and can help keep
germs from migrating up the tunnel and into the
bloodstream. For this reason, tunneled, cuffed
catheters are safer and are the preferred type.
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Another style of tunneled catheter is the single
lumen catheter. Two single lumen catheters must
be placed to do standard HD. One takes blood
to the dialyzer and the other returns it. These are
called twin catheters.
Catheter Placement
Most catheters put in place by a radiologist or a
nephrologist at an outpatient clinic or vascular
surgery suite. Sometimes vascular, transplant,
and general surgeons put in catheters when they
create a fistula or put in a graft. These placements
are often done in hospitals. The main plus of
using a vascular surgery suite or a hospital operating room is that X-rays can be taken during the
procedure to reduce errors. Procedures done at
the patient’s bedside or in a doctor’s office are less
than ideal.
The left internal jugular (LIJ) is the second
choice, but it is longer and has two large curves to
go through, which reduce blood flow. Stenosis of
the IJs does not prevent return blood flow from
a future fistula or graft in the arm. NOTE: A
catheter should not be placed on the same side as
a working fistula or graft.
Subclavian veins should not be used for a catheter
unless a surgeon has found that no venous access
can ever be placed in the ipsilateral (same side)
arm or there is a life-threatening emergency.2
The femoral veins in the groin can be used for
catheter access (see Figure 21) when:
S hort-term access is needed for urgent HD
and the RIJ cannot be used
Long-term catheter access is needed and
none of the upper central veins can be used
Catheter must be placed with strict aseptic
technique. Local anesthetics and conscious
sedation—IV meds to relieve pain and relax the
patient—are used. A chest X-ray must be done
to confirm that the catheter is in the right place
before HD. All new catheters are tested by saline
flushing to assure function and then locked with
heparin to prevent clotting. Most simple catheter
placements take less than 30 minutes.
Veins Used for
Catheters
Catheters are placed in veins that can handle the
high blood flows needed for HD. The large veins
in the neck and chest that empty into the right
atrium of the heart are well suited for this. The
largest of these, the superior vena cava, collects
blood from the head and neck veins (internal
and external jugular) and from the arms via the
subclavian veins. The right internal jugular (RIJ)
vein is the best entry vein because:
I n most people, it is the largest vessel that
can be reached
In most people, it is the shortest and
straightest distance to the right atrium
of the heart
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Exit site
Venous
Arterial
Figure 21: Femoral catheter placement
M o d u l e
There are other, more exotic catheter sites, such as
translumbar or transhepatic for patients who no
longer have any of the usual placement sites. See
a vascular access text for more details.
The following principles of venous entry are true
for all HD catheters, whether percutaneous or
subcutaneous. The tips of all catheters in the
chest should be placed well into the right atrium
of the heart. The tips of all femoral veins should
be well up into the inferior vena cava (IVC).
This tip placement assures the best flow into the
catheter, for the best HD.
Tip: How to Tell an IJ
Catheter from a Subclavian
The subclavian vein is, as its name
suggests, below the clavicle (collarbone).
Because IJ tunneled catheter exit sites may
be in the same place as the exit site of a
short-term or tunneled subclavian catheter,
there can be confusion over which vein the
catheter enters:
I f a catheter can be seen and/or felt
over the clavicle, it is an IJ
If the catheter disappears under the
clavicle, it is a subclavian
5
Stitches are placed around the catheter at the
exit sites of both temporary and tunnel-cuffed
catheters. The stitches can be removed from a
tunneled catheter after 10–14 days. Stitches are
all that hold in a short-term catheter, so they
stay in until it is taken out. Placement of any
catheter can cause:
Bleeding
Hematoma (bleeding under the skin)
Air embolism (air in the bloodstream,
which can act like a blood clot)
Pneumothorax (air between the lungs and
chest wall, causing lung collapse)
Hemothorax (blood in the lungs)
Subclavian Placement
The subclavian vein should be the catheter site
of last resort. Stenosis of the subclavian vein can
keep a venous access from being made in the
arm on the same side. If it must be used, general
placement technique and procedure is the same
as for an IJ. The doctor must take care to prevent
kinking of the catheter due to the sharp angle
needed to enter the vein under the clavicle.
The risk of pneumothorax and hemothorax
may be higher due to the need to puncture right
over the lungs.
Femoral Placement
IJ Placement
The IJ vein is 2–3 cm above the clavicle. It is
found by ultrasound and punctured with a large
needle. Dark, venous blood is pulled back to
prove that the vein was reached. A guide wire is
inserted through the needle. Then the needle is
taken out, and the catheter is pushed into the
vessel over the wire. Once the catheter is in the
vein, the wire is removed.
The femoral vein is next to the femoral artery in
the groin. The vessel is found and the catheter
is placed much like an IJ. The most frequent
problem linked with a femoral catheter is
femoral artery puncture and hematoma.
Infection is higher for a femoral catheter than
for an IJ or subclavian.
The tunnel under the skin for a catheter may be
made first, depending on the type of catheter
used. The tunnel is usually brought over the
clavicle, with the exit site 2–3 cm below.
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Pros and Cons of
Central Venous
Catheters
Pros
P
atients can have vascular access for urgent HD.
These can be hidden under most clothing.
The patient’s hands and arms may move
freely during HD.
P
atients will say that “no needles” is the main
plus of catheters. The patient must weigh this
against the proven higher risks of severe illness and death from long-term catheter use.
Cons
atheters are more likely to cause deadly
C
bacteremias (blood infections).
Patients cannot shower or swim
with a catheter.
Catheters are foreign bodies. They can
cause inflammation and clotting in the
blood vessels, leading to stenosis and
occlusion (blockages).
Catheters tend to have lower blood flows
over time, for less adequate HD and more
frequent procedures.
Care of Central
Venous Catheters
In most states, catheter care must be done by
registered nurses. Refer to your clinic’s protocol
for care instructions.
Preventing Infection
The following steps will help prevent
catheter infections:
Wash your hands and change your gloves
before you touch the patient and his or her
equipment.
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ny time the catheter is open or the exit site
A
is exposed, you and the patient both wear
a mask that covers your nose and mouth.
Airborne germs that can infect a catheter—
and the patient’s blood—can be found in the
mouths and noses of patients and staff.
Look at the catheter exit site before starting
treatment. Report any signs of infetion to
the nurse.
Always use aseptic technique if you open,
touch, or clean the catheter and dressing (as
per clinic protocol).
Teach patients how to protect the catheter
and its dressing. Most HD clinics change
the dressing at each treatment. Patients
should not need to do so between treatments. If the dressing gets wet, it is best to
remove it, dry carefully around the exit site,
and cover the site with a large elastic bandage. To keep the dressing from getting wet,
most clinics suggest no showers or swimming
for patients with catheters. But, there are
devices made to keep catheters dry in the
shower. Check with your clinic’s catheter
care protocol.
Patients must also be taught not to use sharp
objects such as pins or scissors around their
catheters. Pinholes put the patient at risk for
infection and also require the catheter to be
changed before the next treatment. Accidentally cutting the catheter can cause severe
blood loss or air embolism (air in the
bloodstream). Show the patient how to
pinch off the catheter securely and seek
medical help right away.
Report any problems with the catheter to the
nursing staff as soon as possible.
M o d u l e
Preparing to
Use a Catheter
Look at the Catheter
Before a Treatment
sk the patient about any problems
A
with the catheter during treatments
or at home.
R
emove the dressing and note any
changes in the catheter position, such as
being able to see the cuff at the exit site.
Watch for any redness and drainage
(fluid or pus coming out around the
catheter).
See how easy it is to remove the
heparin and flush with saline before
connecting the bloodlines. Clots
and/or sluggish saline flushing tell you
that the catheter may be blocked or
compressed, or the catheter may have
moved. The problem must be fixed
before the bloodlines are connected.
The nursing staff will further assess the
problem and may instill a thrombolytic enzyme to dissolve the clot.
Monitoring
Catheters During
Treatments
If pressure alarms signal that the blood
flow can’t be kept at the prescribed rate,
you must:
1. Look at the patient and the lines to be
sure there is no major bleeding or air entry. Call for help right away if there is.
2. Next, look for a kink or blockage.
Check again that the catheter is in place.
3. Move the patient—lower the head of
the chair, have the patient turn his head,
cough, etc., to help move the tip of the
catheter for better flow.
4. Flush with saline to help further see the
condition of the catheter.
5
Tips for Using Catheters and Cleaning Exit Sites
ecline the patient before using a catheter for the best tip
R
placement and least risk that air will enter the catheter.
Use aseptic technique to prepare and use the catheter. This
means correct hand washing, masks for patient and you,
“no-touch” technique, and disposable clean gloves.
Chlorhexidine gluconate 2% with 70% isopropyl alcohol
is the preferred solution to clean exit sites. Check the
catheter maker’s warnings about how disinfectants will
affect the plastic.
If patients react to chlorhexidine gluconate 2% with 70%
isopropyl alcohol, chlorhexidine aqueous may be used.
Check the catheter maker’s warnings about how disinfectants
will affect the plastic.
For patients who react to chlorhexidine aqueous, povidone
solution may be used (use per the catheter maker’s
directions).
Clean the catheter hub or connection with povidone-iodine
10% or alcohol 70% if the catheter material is suitable.
Hold the connection site with one swab and clean the
catheter away from the hub for 10 cms (4 inches). Discard.
Then clean the cap and hub vigorously with the first swab.
Let dry if using povidone-iodine. Do not drop a connection
site once it is cleaned.
Change the dressing during or after each treatment using
strict aseptic technique and with patient and staff person
wearing masks:
1. Clean the exit site using chlorhexidine gluconate 2%
with 70% isopropyl alcohol, 10% povidone-iodine, or
70% alcohol if the catheter material is suitable.
2. Clean twice, starting at the exit site and working outward
in a 10 cm circle. Chlorhexidine requires a scrubbing
motion.
3. To clean the section of the catheter next to the skin,
gently swab the top and bottom of the tubing starting at
the exit site and working outwards.
4. Let dry, then apply gauze and tape or a transparent,
breathable, plastic dressing. The dressing should be
changed at each treatment and the patient taught to keep
it clean and dry.2 (Some chlorhexidine-impregnated
patches are changed weekly.)
Always be sure the clamps are closed before opening the
catheter to air when pulling off the catheter caps, removing a
syringe, or undoing the Luer-Lok&reg; connectors in the lines.
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5.“Switch” or reverse the lines so that blood is
pulled through the “venous” port and returned
through the “arterial” port. Do this only with
the permission of the nurse to complete a treatment. Reversing the lines creates recirculation,
for less adequate HD—and it does not fix the
problem. Disconnecting the lines to switch
them is also a chance for infection, and all the
precautions taken to start HD must be used.
6. Ask the nurse to assess the problem. He or she
may give a thrombolytic enzyme to clear the
catheter of a clot.
If these steps do not bring back the prescribed
blood flow, the patient should be referred to the
interventional doctors or surgeons to correct the
problem. He or she may need a new catheter.
Watch blood flow through the dialyzer. Note
the amount of arterial and venous pressure on
the catheter to reach the prescribed blood flow.
Always keep the pre-pump arterial monitor connected and open. It tells you if the arterial lumen
is open. The venous pressure monitor tells you if
the return lumen is open.
Patient safety is our main concern during HD.
A catheter accident can quickly become fatal.
Secure the connections and lines, and make sure
the catheter or needle site can be seen during the
treatment. Patients can bleed to death under
a blanket, or an air embolus can occur if air is
sucked in through a dislodged catheter or tubing.
Good catheter care is good patient care.
Improving
Vascular Access
Outcomes
Continuous Quality
Improvement (CQI)
Access is often a challenge to manage. Continuous quality improvement (CQI) can be a powerful tool to help reduce the rate of access problems
and reach the best outcomes (see Figure 22).
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Collecting data and forming a CQI team are the
first steps toward making a plan. Dialysis technicians are vital members of the team. It might be
helpful to start a log or database to track access
problems at your clinic. The log could include:
ccess type
A
Date of placement
Surgeon
Type of problem
Action taken
Data from monitoring tests
Clinical observations
HD dose measures
Rates of hospitalization, etc.
By charting this information on bar graphs, patterns can be seen. Based on a pattern, your team
can make a plan to solve a problem or improve
the practice or process. The patterns are only as
good as the data. If the wrong data are collected,
the patterns will not fit what is going on.
Your plan should include your goals, steps to
take, timetable, and a staff member to own each
step. Do the plan on a small scale as a trial run.
(For example, try improved methods for handling
access sites.) Then collect more data to check
the results. Did the plan work? If it did, implement the plan in day-to-day practice and move
on to another problem. If the plan did not work,
rework it and try again. Recheck past findings at
a later date to detect any changes.
As of July 1, 2010, HD clinics must submit
vascular access infections on their billing claim
forms to CMS.45 Any infections should be
addressed through your Quality Assessment
Performance Improvement (QAPI) plan and
your QI meetings.
M o d u l e
5
Figure 22: CQI process
Clinical Practice
Guidelines
The KDOQI guidelines provide ways to check
and preserve a patient’s access. You can help
protect patients’ accesses when you use good
technique to put in needles, help patients put the
right pressure on needle sites after a treatment,
and report problems to a nurse or doctor right
away. The HD staff can think of ways to use the
guidelines each day. The end result will be better
access care for patients.
Three of the KDOQI Guidelines for Vascular
Access are part of the ESRD Networks’ Clinical
Performance Measures (CPMs) project. Each
year, data are collected on the percent of fistulas
in new and ongoing HD patients, the percent
of patients with catheters, and the way grafts are
monitored for stenosis. These data are now part
of the CrownWeb data collection. Fistula First
collects data on the percentage of all accesses
each month by Network to follow the progress
of the program.
Conclusion
Vascular access is one of the most important and
challenging parts of HD. As a dialysis technician,
you have a vital role in caring for your patients’
accesses. It is your job to learn how to cannulate
fistulas and grafts and to observe access sites for
problems. Remember that each patient’s vascular
access is a lifeline and must be treated with a great
degree of respect and care.
155
Appendix
Overcoming a Key Barrier to Home Dialysis
The Art of Teaching Buttonhole Self-Cannulation
Background
Dialysis needles are large and scary! Fear of needles and
pain is very real for most people on dialysis, especially at
first. Some have true phobia, and need special techniques
and interventions to self-cannulate. All patients, once
they get used to dialysis, worry about who will put their
needles in (and maybe cause access damage that can lead to
a hospital stay, surgery, or loss of their lifeline). Some won’t
travel because they don’t want an unknown staff person to
cannulate them. All of these fears can reduce quality of life.
Patients who cannulate themselves learn to overcome these
fears—and this task is not as challenging as it may seem.
Patients who can see and use their hands well enough to
place needles are their own best cannulators. Why? They are
the only ones who can feel both ends of the needle. They
can better control the needle angle and direction. They
can tell when the tip of the needle is in the vessel. Thus,
patients are far less likely to infiltrate themselves than a staff
member or a care partner. A fistula with one cannulator,
i.e. a self-cannulator, will work far longer1-5 and have fewer
problems than one with many cannulators.1-4, 6, 7 Some
studies find that self-cannulation is less painful for the
patient.7-9 Oddly, there are very few studies on cannulation
technique.
The content in this manual is based on extensive clinical
experience and observation. The techniques in this work
have been published in peer-reviewed journals. Can your
patients succeed with self-cannulation? The answer is YES!
In this manual we will discuss:
1) Pre-cannulation Education - to help patients overcome
fear of needles
2) Tandem-hand Cannulation - guided help in learning to
cannulate
3) Buttonhole technique - faster7 and less painful10 than
rope-ladder rotation, but with fewer aneurysms and
infiltrations;11 as well as Touch cannulation technique
Stuart Mott
Vascular Access Nurse
Columbia, MO
“Because my ultimate aim was to do
dialysis at home, I knew I would have to
learn to needle myself. But, at first, I could
not even watch the nurse needle me! I started
by watching her insert needles out of the
corner of my eye. Gradually, by an effort of
will, I was able to watch the whole process
without blinking. I watched her technique
very carefully. After doing this for about 6
weeks, I felt ready to take the next step.
I visualized myself asking the nurse to
allow me to have a turn myself. Finally I
took a deep breath and asked to insert my
own needle. It was easier than I thought and
the nurse commended me on my excellent
technique. These needles were the very fine
ones used for local anesthetic. I simply
repeated the process, when I felt brave
enough, to cannulate with the large dialysis
needles.” — Home dialysis patient
&copy; 2011, Stuart Mott. Home Dialysis Central – www.homedialysis.org. Used with permission from Medical Education Institute, Inc
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1. Pre-cannulation Education:
Countdown to Cannulation
Four weeks before starting self-cannulation:
Teach the patient:
1) How his or her access works, fistula vs. graft
2) Why the blood flow rate matters
3) Impact of access flow on dialysis dose
4) S ize and type of needles used, including gauge
(17, 16, 15, 14), length (3/5”, 1”, 1-1/4”), and
sharp or blunt
Needle Length
Consider needle length. Using
unnecessarily long needles can
frighten patients and increase the risk
of infiltration. Most forearm AV fistulas
are shallow, so a 3/5-inch long needle
will reduce the risk of infiltration
and vessel wall damage. An upper arm
or leg access will probably require
a 1-inch long needle.
5) P
resence of any side vessels branching from fistula
and why they matter
6) H
ow to assess his or her access before each session:
Show how you check the pulse and thrill, then have
the patient do it; explain how to recognize problems
7) Anything else your clinic feels is key
S how the patient how you find the bruit with your
stethoscope. Describe the sound and what it means.
Then, have the patient find the bruit with his or her
own stethoscope and describe the sound. You may
wish to use these websites to demonstrate the sounds:
www.asdin.org/displaycommon.cfm?an=
1&amp;subarticlenbr=73
www.fistulafirst.org/professionals/
ffbichangeconcepts.aspx
Figure 1
NOTE: Avoid using the word “stick,”
Your clinic doesn’t use stethoscopes to listen to bruits?
It should. The KDOQI guidelines say that patients
should learn their accesses and check them daily,
including the pulse, thrill, and bruit.6 It is in your
patients’ best interests to add this check, and
stethoscopes can be very low cost.
Three weeks before self-cannulation:
Start Pre-cannulation. The Fistula First best practice is:
ave the patient assess all aspects of his or her access
H
as you’ve taught, making sure that the access is in good
shape for cannulation. This must become a ritual.
iscuss proper hand washing and the need for
D
cleanliness for a trouble-free access. Have the patient
show you how to use the right technique. (Fig 1)
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which can stress the patient. Criminals
stick up banks and convenience stores.
We cannulate dialysis accesses!
ut a glove onto the patient’s cannulating hand. (Fig 2)
P
Ask, “What does this feel like to you?” Many will say
something like, “It’s like being on TV, you know, like
ER.” This is a motivational step that can help engage
the patient in the process of taking control of his
or her care.
Two weeks before self-cannulation:
Have patient assess his or her access.
Figure 2
ave the patient show you how to prepare his or her
H
access for cannulation, following your clinic’s
procedure, as you have taught.
Have the patient wash his or her hands and arm.
ollow hand washing with a Betadine&reg; soak. Scrub
F
in a spiral motion (Fig 3), moving outward from
the cannulation site. Then, have the patient practice
this technique.
One week before self-cannulation:
Figure 3
ave the patient show you all of the steps you have
H
taught before.
ollow your clinic’s policy for needle gauge. Explain the
F
types of needles you use and why. (For example, our
clinic starts with a 17-gauge needle for one treatment,
switches to 16 gauge for the next three treatments,
then goes to 15 gauge.)
Figure 4
Give the patient a Buttonhole needle to practice with at
home. During the next week, the patient can touch the
needle to the skin at the sites where the buttonholes will be
formed. This practice will help reduce a lot of the fear of
the needle and having the needle touch the skin, and can
reduce stress when the time comes to self-cannulate. (Fig 4)
Reading glasses
Figure 5
Be sure you and your
patients can see the
needle sites! (Fig 5)
About 40% of our patients need reading glasses. To check
vision, place a small black dot on the patient’s arm with a
Sharpie&reg;. Have the patient try to line up the needle tip with the
dot. If they can’t, they need glasses! A patient who wears bifocals
may still need reading glasses to cannulate with. Local drug
and box stores carry reading glasses from 1.5 to 3.0 diopters for
$2–15/pair. “Dollar” stores may even have them for $1 a pair.
Keep a few pairs on hand in the clinic for patients—and staff.
&copy; 2011, Stuart Mott. Home Dialysis Central – www.homedialysis.org
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2. Tandem-hand Cannulation
During the precannulation phase, you talked the patient
though each step and answered questions. Now, it is time
to move on to self-cannulation itself.
Tandem-hand cannulation,12 a Fistula First Best Practice,
is a hands-on method where you work one-on-one with
the patient. NOTE: We show some of the pictures
without gloves. This allows you to better see the position
of the thumb and forefinger, which is key to this method.
They are not of real patients, but rather training photos
made with a technician.
Photo Disclaimer
Some of the following pictures
are shown without gloves so you can
better see the position of the thumb
and forefinger, which is key to this
method. They are not of actual patients,
but rather training photos made with
a technician.
Step 1 - As with all cannulation, handling the needle is
the most critical part. The first step in using the Tandemhand method is learning how to “set” and use the
cannulating hand. Sit down in a chair and anchor your
hand by resting it on the patient’s arm. This gives you a
solid base. Then, with your fingers “cocked,” the needle
tip is at the insertion site. All you have to do to cannulate
is move your thumb and forefinger forward. (Fig 6)
Step 2 - To cannulate, have the patient place his or her
thumb and forefinger right behind your thumb and
forefinger. Have the patient squeeze your fingers. They
need to do this tightly enough to feel your thumb and
forefinger moving forward to insert the needle, and feel
the needle going through the skin. This lets the patient
feel what you feel and go through the motion to cannulate
at the same time. Do this for a few treatments, until the
patient is ready to move on to the next step. (Fig 7)
When you and the patient feel comfortable with the
process, you can move on. Talk with the patient. The
time to move on will be different for each one–and
comfort is the key to success. When the patient feels
comfortable with and is consistent with the process it is
time to go to step 3.
Figure 6
Figure 7
Step 3 - Trade hand positions. You will now place your
forefinger and thumb right behind the patient’s thumb and
forefinger. This lets you have control in case something
should go awry. And, it gives the patient a sense of security
that reduces a lot of the stress, hesitation, and jerky movements that might hinder self-cannulation. (Fig 8)
Figure 8
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Step 4 - Continue the Tandem-hand process until you both
feel comfortable and secure that the patient can succeed
with minimal supervision. Keep watching closely. Offer
encouragement, support, and guidance as needed. (Fig 9)
Figure 9
If at some point, after self-cannulating, the patient wants
a staff member to take over, offer that option. Try to find
out why, though. The problem may be something as
simple as the need for re-education on some point. Even
if a patient chooses not to self-cannulate, he or she will
know the access and cannulation steps better. This will
help ease fears—and empower the patient to catch
potential staff errors before they can harm the access.
3. The Buttonhole Technique
Figure 10
Figure 11
Wear Gloves
A reminder, anyone who may come
in contact with the needle or the
patient’s skin must wear gloves.
The Buttonhole technique, or “constant-site” cannulation
was developed by Dr. Zbylut Twardowski.13 It has been
in use for about 35 years in Europe. With this method,
needle sites are not rotated. Instead, needles are placed into
the exact same spot at the exact same angle. It takes 8–10
consecutive treatments to form a tunnel tract.14 If you have
trouble forming a Buttonhole tract, use a sharp needle for a
treatment or two until the tunnel is formed. Once there
is a tract, change to a blunt Buttonhole needle to avoid
cutting the tract with the edge of a sharp needle. (Fig 10)
It is best if the patient forms his or her own Buttonhole
tracts. Why? There are only a few positions in which a
self-cannulator can comfortably anchor his or her hand to
use the right needle angle. It is much easier for a patient
to duplicate an angle if the site and angle are ones that
are best suited to him or her–not the staff person. Also,
if patients are only taught to use blunt needles, they may
be at a loss if they choose home hemodialysis and need to
start new Buttonholes.
Cannulating Buttonholes
Buttonhole Technique Caution
The Buttonhole technique can be
used only in an AV fistula—NOT a graft.
Fistula walls have muscle fibers that will
“snap” shut after the dialysis needle is
removed, preventing excess bleeding.
Artificial graft walls have no muscle
fibers, so “coring” will result: the needle
cuts a hole in the graft wall, causing it
to leak blood into the surrounding
tissue, and creating a risk of
exsanguination and death.
Show the patient how a Buttonhole is like a pierced
earring tract by sliding a needle into an end-cap. For
a shallow forearm AV fistula where you will use a short
needle, use a quarter of a cap, about &frac14;”. For an access
that needs a longer needle, such as an upper arm fistula,
use that needle and an end-cap cut to about &frac12;”. (Fig 11)
Step 1 - Prior to cannulation, the fistula must be prepared
using clinic protocol. The scabs from the last treatment
must be removed. This can be done safely in several
ways. Let the patient choose the way he or she is most
comfortable with.
&copy; 2011, Stuart Mott. Home Dialysis Central – www.homedialysis.org
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Scabs can be safely removed with:
A sterile needle
Sterile tweezers
e special pick that comes with certain brands of
Th
needles.
Infections due to improper scab removal are the only
increased risk factor reported for buttonhole use. They
are entirely preventable with good technique.
Figure 12
CAUTION: Use of fingernails, toothpicks, and other
non-sterile tools has led to Buttonhole tract infections
which can lead to sepsis.
Step 2 - Show the patient “Touch cannulation.”15 The
cannulator holds the tubing (not the wings) about 1–2 cm
(&frac12;–&frac34; inch) behind the needle. (Fig 12) Holding the
tubing lets the cannulatior feel what the tip of the needle
is doing. This is a Fistula First Best Practice. It is especially
useful for buttonholes, as it gives the needle a little “wiggle
room” to find its way down the tract. This can help prevent damage. Show the patient how to hold the needle,
where to anchor the heel of the hand, and how to “cock”
the fingers to cannulate. Show how you grasp the needle
so it’s ready to insert: Hold the tubing behind the needle
with your thumb and forefinger, then curl all four fingers
under it. Remind the patient about hand placement and
needle angle. Using a 20&deg; angle will help the needle slide
down the vessel wall, and reduce the risk of infiltration.
(Fig 13)
Step 3 - Have the patient anchor his or her hand in a
comfortable spot, with fingers cocked, and the needle tip
at the buttonhole site. Then all he or she will need to do
to cannulate is advance the thumb and finger. (Fig 14)
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Figure 13
Figure 14
Figure 15
ULTRASOUND BEFORE YOU CANNULATE
New research has found that fistula
wall thickness of greater than .13 mm
can predict whether a fistula is mature
enough to be cannulated. Ultrasound
can be used to measure the fistula
wall prior to a first cannulation.16
Step 4 - When the patient is ready, have him or her
hold the tubing. Using the Tandem-hand technique,
place your hand over the patient’s hand, so that he or
she can guide the needle into the Buttonhole. Watch for
the flashback. When this occurs, remove your hand so
the patient can finish sliding the needle into the access.
Avoid sudden, jerky movements. When you take your
hand off and the patient finishes, he or she will see that
self-cannulating was a success. This can be an amazing
discovery! They may say, “I can do this!” And you can
respond, “Yes, you sure can!” (Fig 15)
Conclusion
Patients who self-cannulate tend to have better access
outcomes.1-5 They don’t just rely on their doctors and
nurses; they take ownership of their care and control of
their lives. They lose their fear of dialysis, of pain, of
infiltrations, and of access problems, because they are
empowered and no longer dependent. You can help!
With good education and encouragement, a large
number of patients can self-cannulate. This, in turn,
will lighten the staff load. Fewer access problems and
hospital stays translate into money saved, too.
Some of our older patients and those with true needle
phobia will always want the staff to cannulate them. This
should not relieve them of the need to take part in their
care. The staff cannulator should start the session with
something like, “I’ll be cannulating you today,” and then
say, “Please tell me about your access.” An empowered
patient should be able to tell you about the thrill, bruit,
needle angle, blood flow at last session, etc. Offer to
answer questions. This routine in and of itself is a chance
to continue the patient’s education, which will help you
and the patient. With this kind of patient input,
cannulation time should be minimal. The patient will
alert you to any problems with the access, e.g. spots
to avoid, so it is easier for you to succeed on the first
try— which makes everyone happy.
&copy; 2011, Stuart Mott. Home Dialysis Central – www.homedialysis.org
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Abbreviations List
Acronym
What It Stands For
Meaning
AVF
Arteriovenous fistula
Artery + vein vascular access
AVG
Arteriovenous graft
Artery + man-made vessel + vein vascular access
CDC
Centers for Disease Control and Prevention
US public health agency
CKD
Chronic kidney disease
Slow process of nephron loss
Cm
Centimeters
Metric measure of length
CMS
Centers for Medicare and Medicaid Services
Medicare
CQI
Continuous quality improvement
Process to improve
CROWNWeb
Consolidated Renal Operations in a Web-enabled
Network
Computer system to collect dialysis data
EMLA
Eutectic mixture of local anesthetics
Numbing cream
ePTFE
Expanded polytetrafluoroethylene
Graft material
ESRD
End-stage renal disease
Kidney failure
FDA
Food and Drug Administration
US agency that regulates food &amp; drug safety
HD
Hemodialysis
Cleaning the blood with a filter
HeRO
Hemodialysis reliable outflow
Central vein graft option
IJ
Internal jugular
Best vein for a central venous catheter
IV
Intravenous
Into a vein
IVC
Inferior vena cava
Large vein that brings lower body blood to the heart
JAS
Juxta-anastomotic stenosis
Narrowing of an access vein
KDOQI
National Kidney Foundation Kidney Disease
Outcomes Quality Initiative
US clinical practice guidelines
Kt/V
Clearance x time divided by volume
Measure of dialysis dose
LIJ
Left internal jugular
Central venous catheter site
L.M.X.
Lidocaine cream
Numbing cream
mL/min
Milliliters per minute
Measure of flow rate
OSHA
Occupational Safety and Health Administration
US agency that protects workers
PD
Peritoneal dialysis
Cleaning the blood using the peritoneum
PICC
Peripherally inserted central catheter
Tube placed in an arm that reaches into a central vein
QAPI
Quality Assessment and Performance Improvement
CQI required by CMS
QI
Quality improvement
A process to improve care
RIJ
Right internal jugular
Preferred central venous catheter site
TMP
Transmembrane pressure
Pressure difference across the dialyzer membrane
URR
Urea reduction ratio
How much urea is removed during a dialysis treatment
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FEATURED PATIENT ARTWORK &raquo;
David Aguillar
I am 28 years old and a dialysis patient in Winston-Salem, NC. I have
been on dialysis for about 6 years. It
has been a learning process, but I feel
that it made me who I am today. I’m
an artist. Art has aided me through
some of the dramatic stress in my life,
along with family, support team and
people I come across. I am thankful
for them and my skill. Without
them or art, I’d be lost in this process.
Sometimes hope is all we know and
in my case, I have art as well.
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Objectives
Hemodialysis Procedures
and Complications
After you complete this module, you will be able to:
1. Explain your role in preventing the spread of infection in the
dialysis clinic.
2. Describe how, when, and why to wash your hands in the
dialysis clinic.
3. List five times that you would change your gloves in the
dialysis clinic.
4. Define “body mechanics” and explain how you will use them
in patient care.
5. Describe how to set up the hemodialysis machine and
extracorporeal circuit.
6. Explain the start, monitoring, and end of a routine treatment.
7. List the vital signs we monitor before, during, and after
treatments.
8. Explain how to draw up and give intravenous medications.
9. Describe three ways to draw a blood sample.
10. List three reasons why it is vital to document patient care.
A list of the abbreviations used can be found at the end of the module.
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Introduction
Cleaning a patient’s blood with dialysis is a complex process with many steps. Each step is crucial
to keep patients safe and maintain their comfort.
This module covers the types of patient care tasks,
technical tasks, and skills you will need to learn to
give safe and effective HD treatments, from setup through clean-up. Your actions at each step
affect your patients.
This module is a general review of procedures and
complications you may see. The exact tasks that
you can do will vary with the Nurse Practice Acts,
rules and laws in each state, and with your
clinic’s policies. Even though patient assessment
is the job of registered nurses, you can help by
gathering data, noting and reporting unexpected
findings, and giving your input into the care plan.
Infection Control
Infection is the second most common cause
of death in HD patients.1 And, it can be
prevented—with YOUR help.
Pathogens (bacteria, viruses, fungi) that enter the
body can cause infection. The most common
ones live on the skin and on mucous membranes
(e.g., the lining of the nose, mouth, and bowels).
Some are found in the soil, in water, on clothing.
Pathogens can live on all surfaces.
Patients who get infections at dialysis often need
to be in the hospital, sometimes for weeks. An
infection and treatment are hard on the patient
and family. It is up to you to give the level of care
that you would want for yourself or want a loved
one to receive.
6
Some pathogens cause more severe disease than
others. Some are more communicable (easy to
spread) than others. Healthcare-associated infections are picked up in a hospital or other healthcare setting. Your goal is to prevent them in your
clinic.
Infection can occur when pathogens enter the
body through:
break in the skin – from an HD needle or
A
catheter, or a scratch, cut, bite, or trauma
A mucous membrane – like a splash in the
eye, touching the nose, food poisoning, or a
sexually transmitted disease
The lungs – by breathing in pathogens in
dust or lint
Once someone has a disease, it can be spread to
others in three main ways:
1. Direct contact – we touch an infected
person, such as shaking hands or kissing
2. Indirect contact – we touch objects such as
dialysis chairs, patient charts, blood pressure
cuffs, IV poles, and treatment carts
3. Droplet spread – we breathe in droplets
that were coughed or sneezed by an infected
person
In a dialysis clinic, pathogens can be spread by
patients, staff, visitors, equipment, water, dialysate, and air. In most cases, infection is spread
by staff who don’t wash their hands. In fact,
breaks in infection control are the most often
cited mistakes when CMS surveys a dialysis
clinic.2 There is no excuse for this!
The care you take can save your patients’ lives—
or end them. Each time you touch your patients, you could be bringing them an infection
that could harm them. Failing to use infection
control can also mean that you could bring germs
home to your family. Be aware of where your
hands have been. Wash your hands and put on
clean gloves per your clinic’s protocol.
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Aseptic Technique
Aseptic (free from disease-causing germs)
technique is used to keep an object or area
sterile (free from all germs). Terms that relate
to aseptic technique are:
Clean – not free of germs, but disinfected
and usable for some steps in the treatment.
Contaminated – was sterile or clean, but
then was touched by a non-sterile object. For
example, a blood pressure cuff was disinfected,
then a staff member sneezed on it. Now it is
contaminated.
D
irty – neither clean nor sterile. For example,
a blood pressure cuff was disinfected, then a
staff member sneezed on it. Now it is contaminated and cannot be used for dialysis steps
that require an object to be clean or sterile.
Basic Guidelines for Aseptic Technique
ackaged sterile items are sterile only if the packP
age is closed and sealed. Open sterile items only
when you need them. Once they are open,
pathogens in the air can land on them.
Wash your hands before you touch a package that
contains a sterile item. This will help keep you
from getting germs on the item.
Keep sterile packages dry. Moisture lets pathogens
diffuse through the wrapper and contaminate the
item. Do not use wet packages.
A contaminated object contaminates a sterile one.
For example, when you spike a bag of saline, insert
the spike directly into the port. If the spike touches
the outside of the bag or anything unsterile, like
your hand, the spike is contaminated. Don’t use it.
Before you use a multidose vial, scrub the rubber
stopper with disinfectant. Mark the vial with the
date and time of first use.
All fistula needles, syringe tips, and needles
used to give meds or draw blood must be sterile.
Needles enter the bloodlines or the patient’s body.
When you start a treatment, do not touch the fistula
needle or ends of the bloodlines to the patient or
dialyzer. When you attach a heparin syringe to the
heparin line, do not touch the syringe tip or the end
of the heparin line.
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Learn aseptic technique, understand it, watch
closely, and practice it with supervision.
Hemodialysis
Infection Control
Precautions
The Centers for Disease Control and Prevention
(CDC) have rules to prevent infections in HD
patients (see Figure 1).3 The 2008 CMS
Conditions for Coverage require use of the CDC
rules for all dialysis patients.4
Hand Hygiene
Hand hygiene includes washing your hands or
using an alcohol-based hand rub. It is the single
most important thing you can do to prevent
the spread of infection. Hand hygiene protects you and the patient. The goal is to remove
pathogens that could transfer to patients, visitors,
or other staff. Hand hygiene can reduce infection
rates, stop an outbreak of disease, and reduce the
spread of drug-resistant bacteria.5
How to Wash Your Hands
You may think you know how to wash your
hands. After all, you’ve been doing it since you
were a small child. But, we take extra steps in a
healthcare setting to stop the spread of infection.
The CDC says:
1. When you wash your hands with soap and
water, wet your hands first with water.
2. Apply the amount of soap the manufacturer
suggests.
3. Rub your hands together briskly for at least
15 seconds. Cover all surfaces of your hands
and fingers. This means between your
fingers, too.
4. Rinse with water from your fingers down to
your wrists (hold your hands up, not down)
5. Dry well with a paper towel.
6. Use a paper towel to turn off the faucet.
The faucet is dirty.
7. Do not wear artificial nails. Keep your nails
less than &frac14; of an inch long.
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6
BIOHAZARD
Wash hands before and after
removing gloves, or after
exposure to body fluids
Clean all work surfaces
Place infectious waste in
color-coded receptacles
Store properly
5
cc
4
3
2
1
5
cc
4
3
2
1
BIOHAZAR
D
Never mix food and medical
supplies in the same refrigerator
Maintain
accurate records
Wear employee protective clothing like
gowns, mask, goggles, and gloves
Use sharps box
Figure 1: Components of dialysis precautions
How to Use an Alcohol Hand Rub
If your hands don’t have dirt you can see, you can
use an alcohol-based hand rub:5
1. Apply the product to the palm of one hand
2. Rub your hands together to cover all surfaces
until your hands are dry
Due to frequent hand washing, your hands may
become dry and/or chapped. Use hand cream
after washing your hands to prevent dryness
and chapping.5
Protective Gear
During a treatment, you can be splashed with
blood or body fluids:
You must wear gloves when you care for
a patient or touch any equipment.
You must also change your gloves
between patients.
When to Wash Your Hands5
When
you arrive at the dialysis clinic
Before you touch a patient (Patients want to
see you wash your hands. They are watching!)
Before and after you insert needles – even
though you wear sterile gloves
Before you touch any break in the skin –
from an HD needle, surgery, a wound, etc.
Before you put on gloves – NOTE: Take
gloves out of box after you wash your hands
Between tasks and procedures on the same
patient to prevent cross contamination of
different body sites
After you touch any body fluid or mucus
membrane
After you touch machines, equipment,
or computer keyboards
After you take off your gloves
When you leave the clinic – so you don’t
bring germs home to your loved ones
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How to Use Protective Gear
3
Change your gloves:
efore you touch any surface—such as
B
a machine dial, a chart, or a phone
When they are soiled
After each patient contact
After you touch a sharps box
After you start a treatment
Wear a gown:
hen you do tasks that may cause
W
blood or body fluid to splash (e.g.,
start and end of a treatment, using a
syringe, putting in needles)
When you touch equipment that is
soiled with blood or body fluids
Wear a face shield and protective eyewear:
or tasks where droplets of blood or
F
body fluids may spray
At the start or end of a treatment
When you troubleshoot a patient’s
access
When you inject into the bloodlines or
change a transducer protector
Wear a mask when a catheter is
open—your patient should wear a
mask too
Protect yourself from sticking yourself
with sharps (needles):
se needle-free devices and safety
U
needles when you can
Never recap needles if there is any
way to avoid it. If you must recap, use
a recapping device or a one-handed
method. Learn your clinic’s policy and
devices, if used
Do not bend, shear, or break needles
Dispose of needles in a sharps box
Always point needles away from
yourself
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If gloves are not used the right way, they can carry
disease. Use these steps to take off your gloves:
1. With both hands gloved, peel one glove
off from your wrist to your fingers. Don’t
“snap” the glove—you could spray germs.
2. Wad the glove you take off into the palm of
your gloved hand.
3. With your other hand, peel the second glove
off from the inside of the wrist. The first
glove will now be inside the second glove,
which is inside-out.
4. Throw out the soiled gloves promptly.
Protection from
Contamination
Items used in dialysis can be contaminated with
blood and body fluids by patients or staff. Any
items used in the treatment—even those placed
on top of the machine—must be either:
rown out
Th
Assigned to one patient
Cleaned and disinfected before they go back
to a clean area (storage space for sterile and
clean items).3
Your clinic will have policies and procedures
about how to handle supplies after treatment.
Learn about the “clean” and “dirty” areas in your
clinic. Throw out any disposable protective gear
that is soiled with blood or body fluids. Wash
any contaminated gear that is not disposable per
your clinic’s policy.
Cleaning and Disinfecting
You can help prevent the spread of disease in your
clinic. One way is to remove all (or nearly all)
pathogens. We do this by sterilizing and disinfecting equipment. Keeping shared equipment
to a minimum helps, too. Your clinic has policies
and procedures for how to clean and disinfect
surfaces and equipment after each treatment.3
Learn which products your clinic uses and how to
use them the right way.
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Disposing of Infectious Wastes
There are rules and laws in each county and state
for how to identify, handle, package, and transport infectious waste. In most cases, we must:
row out needles in sharps boxes.
Th
Label sharps boxes and do not let them get
too full.
Throw out disposable gear, like gloves,
gauze, and aprons. Use “red” or color-coded
garbage bags.
Place laundry that has blood or other
pathogens on it in labeled or color-coded,
leak-proof bags.
Some clinics double-bag all contaminated
laundry.
Learn your clinic’s policies and procedures, which
are based on your local and state laws.
Bloodborne Diseases
Three main bloodborne pathogens pose a risk to
HD patients:
1. Hepatitis B
2. Hepatitis C
3. Human immunodeficiency virus (HIV)
Hepatitis B
Hepatitis B (HBV) is highly contagious. It is
spread through infected blood and body fluids.
The virus is hardy and can live for 7 days or more
on surfaces. You can kill it by cleaning with
disinfectants and germicides. HBV outbreaks in
HD patients are often due to cross-contamination
of patients via:3
S urfaces, supplies (e.g., hemostats, clamps),
or equipment that was not disinfected
after use
Multidose drug vials and IV bags used for
more than one patient
Drugs drawn up for injection near spots
where blood samples are handled
Staff who care for HBV-infected and
susceptible patients at the same time
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Guidelines to Prevent
Contamination3
Personal hygiene:
ollow your clinic’s hand hygiene policy
F
and teach patients about it.
Never eat, drink, smoke, put on makeup or
lip balm, or touch your contact lenses in a
treatment area.
If you have a cold or cough but are not too
sick to come in to work, wear a mask all day
so you don’t spread germs to your patients.
Patients who come in with coughs or colds
should also wear masks.
To avoid environmental contamination:
fter each treatment, clean surfaces at the
A
station. These include the bed or chair,
counters, and the outside of the machine.
Promptly clean up any blood.
Do not use common carts in the patient
treatment area to prepare or give out
medication. If trays are used to give out
medications, clean them before using them
for a different patient. Wash hands before
taking equipment or supplies off a cart.
Use a dedicated isolation room and machine, and a new dialyzer for patients who
test positive for hepatitis B surface antigen.
Never store food or drinks in refrigerators,
freezers, shelves, cabinets, or counters where
there are blood or other body fluids.
Use fresh external venous and arterial
pressure transducer protectors for each
treatment. These keep the machine’s
pressure monitors free from blood. Change
them if they become wet with saline or blood,
too. Do not reuse them.
Cap dialyzer ports and clamp tubing on
dialyzers and blood tubing that will be
reprocessed. Place used dialyzers and
tubing in leak-proof bags or tubs to take
them from the station to the reprocessing
or trash area.
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The most common ways HBV is spread in
HD clinics are:3
sharp object, like a needle, scalpel, or
A
broken blood tube, breaks the skin
Broken skin or mucous membranes of
the eyes, mouth, or nose come in
contact with blood
Precautions to Prevent
Transmission of HBV
Clinics can help avoid the spread of HBV
if they:
ollow HD infection control
F
precautions with all patients.
Dialyze HBV-positive patients in a
dedicated isolation room. Use
dedicated machines, gear,
instruments, and supplies.
Do not let staff who care for patients
with hepatitis B care for susceptible
patients at the same time.
Test patients for HBV per CDC
guidelines.
Do not reuse dialyzers of HBV-positive
patients.
Vaccinate staff and patients against
HBV.
Hepatitis C
Like HBV, hepatitis C (HCV) is spread by
contact with infected blood and can be killed by
disinfectants and germicides. HCV is not nearly
as easy to spread as HBV. This means patients
who have it don’t need to be in separate rooms.
Their dialyzers can be safely reused.
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Outbreaks of HCV in dialysis clinics have been
linked to these types of cross-contamination
among patients:3
quipment, machine surfaces, and supplies
E
that were not disinfected between uses
Use of common carts to set up and
give out meds
Sharing of multi-dose drug vials that were
on top of machines
Priming buckets that were not changed or
disinfected between patients
Blood spills that were not cleaned
up promptly
Supply carts that were moved from one
station to the next with both clean supplies
and contaminated items. (For example,
small biohazard containers, sharps boxes,
and used vacuum tubes with blood in them.)
Precautions to Prevent
Transmission of HCV
Clinics can help avoid the spread of HCV
if they follow HD infection control
precautions with all patients.
Human Immunodeficiency
Virus (HIV)
The HIV virus attacks the immune system,
and is the cause of acquired immune deficiency
syndrome (AIDS). HIV is spread by blood and
other body fluids that contain blood. In the
general public, HIV is most often spread through
sexual contact and shared IV drug needles.
The HIV virus is easy to kill. So, standard HD
infection control precautions can prevent the
spread of HIV between patients. Those who have
HIV do not have to be isolated from other
patients or use a dedicated machine. Their
dialyzers can be safely reused.3
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Precautions to Prevent
Transmission of HIV
Clinics can help avoid the spread of HIV
if they follow HD infection control
precautions with all patients.
The patient’s doctor may offer HIV testing
to patients. If infected, the patient can get
proper care, achieve better health outcomes,
and get counseling so he or she does not
spread the virus.
Antibiotic-resistant
Bacteria
Viruses are not the only pathogens we need to
concern ourselves with. Bacteria are also a
problem. Some bacteria have become antibioticresistant. This makes them very dangerous.
HD patients and staff could be exposed to drugresistant bacteria. The two most common are:
ethicillin-resistant Staphylococcus aureus
M
(MRSA)
Vancomycin-resistant Enterococcus (VRE)
Methicillin-resistant
Staphylococcus Aureus
(MRSA)
Staph lives on skin and mucous membranes, and
in the respiratory, GI, and urinary tracts. MRSA
is a type of staph that can no longer be killed by
the very strong antibiotic methicillin. MRSA is
most common in wounds, exit sites, and access
sites, and can cause sepsis (blood poisoning) and
pneumonia. Sepsis due to MRSA can be severe
and may lead to death. MRSA most often gets
into the bloodstream of HD patients through the
vascular access or HD catheter.3
MRSA causes many infections in the US. People
with weak immune systems—like HD patients—
may be more likely to be infected if they come
in contact with MRSA than a healthy person
6
would be. MRSA is very easy to spread. You can
spread MRSA on your hands! MRSA may also
be present on equipment and can live for a long
time on surfaces.3
Vancomycin-resistant
Enterococcus (VRE)
VRE infections have also become common in US
hospitals. Enterococcus live in the gut. They are
harmless to healthy people, but VRE can cause
severe infections in people who have weak immune systems. Between 12–22% of hospitalized
patients who had VRE were on dialysis.3
Outbreaks in hospitals have shown that VRE
can spread from patient to patient through direct
contact, staff ’s hands, or contaminated equipment or surfaces.3
Antibiotic-resistant Bacteria
Precautions
When we use the CDC’s infection control
precautions, we help prevent the spread of
drug-resistant bacteria. Your clinic may
use extra precautions to treat patients who
are at a higher risk to spread disease, such
as those who have:
n infected skin wound with drainage
A
that seeps out of dressings
Stool incontinence or diarrhea that
can’t be controlled
For these patients, extra precautions may
mean that you:
ear a gown over your clothes. Take
W
off the gown when you’re done caring
for that patient.
Dialyze the patient at a station with as
few stations next to it as possible (e.g.,
at the end or corner of the clinic)
Use a blood pressure cuff and
stethoscope just for that patient
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Tuberculosis (TB)
Tuberculosis (TB) is a bacterial disease that
spreads from person to person through airborne
droplets. The droplets form when someone with
pulmonary (lung) TB coughs, sneezes, or speaks.
Anyone who is exposed may contract TB.6
TB infection can be active or latent (lay-tent;
inactive). Someone with latent TB will have a
positive skin test, but no outward signs of TB.
Latent TB is not contagious. Without treatment,
the TB may become active and contagious.
Active TB can cause a persistent cough, fever,
weakness, weight loss, and night sweats.
Precautions to Prevent
Transmission of TB6
Clinics can help avoid the spread of TB
if they:
equire patients and staff to have a
R
TB skin test each year.
Dialyze patients who have infectious
TB in an acute care setting or isolation room with negative air flow (air
is pulled into the room).
Require patients to take meds to
prevent or treat infectious TB. They
must take all of the prescribed pills
to prevent relapse and development
of drug-resistant TB.
Medications and
Solutions
Each state has rules for what dialysis technicians
can do, and what drugs and solutions you can
or can’t give. Some states let dialysis technicians
draw up and give heparin and/or normal saline.
In other states, dialysis technicians cannot draw
up or give any drug. Learn the rules and laws
for your state, and the policies and procedures
in your clinics.
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If you live in a state that does let dialysis technicians give medications, the next section will help
you learn how to give medications safely.
Needles
Needles are made of stainless steel and are never
reused. The slanted part of a needle’s tip is called
the bevel. The diameter of the needle is called
the gauge. Needles come in different bevel and
gauge sizes. The larger the number, the smaller
the gauge. So, a 16-gauge needle has a smaller
diameter than a 14-gauge needle. Needles must
always be used with aseptic technique. Throw away
used needles in a sharps box.
Syringes
Syringes are made of plastic and are packaged in
sterile paper or plastic. They come in different sizes and have three parts (see Figure 2). The top of
the syringe is the tip. A needle connects to a syringe
at the tip, so the tip must be sterile at all times. The
outside of the syringe is the barrel, which has scales
printed on it for the dose. The plunger fits into the
barrel to push the drug out through the needle.
Using Syringes
and Needles Safely
Wash your hands before you use a syringe and
needle. Use only sterile syringes and needles to
avoid contamination. Throw out used needles and
syringes in a sharps box. To prevent accidental
needle sticks, don’t cut or recap them.
In 2001, the Occupational Safety &amp; Health
Administration (OSHA) passed the Needlestick
Safety and Prevention Act. Now, to reduce the
chance of bloodborne diseases, safety devices like
these must be used:
S harps boxes
Self-sheathing needles
Needle free systems (see Figure 3)
Devices to prevent needle stick injuries are required by OSHA in all dialysis clinics.7
Note: Buttonhole blunt needles can be used
without a device.
M o d u l e
Tip
Barrel
Plunger
Figure 2: Syringe
Figure 3: Needleless system
Drawing Up Medication
CMS rules say that clinics should assign clean
areas to prepare, handle, and store medications.
You may not carry multiple dose medications
from station to station—or keep vials in your
pocket. Learn your clinic’s procedure for drawing
up medications if this is part of your role.8 Never
give a medication that you have not drawn into the
syringe yourself. Giving the wrong medication or
dose can harm or even kill a patient.
6
Vials are small plastic or glass bottles with sealed
rubber caps. The rubber caps have a protective
metal or plastic cap on top. Vials come in different sizes and can contain one or more doses
of a medication. If your role includes drawing
up medications, learn how to draw up the right
amount without contaminating the rest (see Figure 4). The basic steps to drawing up solutions
and medications are:
1. Read the drug name and dose on the vial
before, during, and after drawing up a
solution to be sure you have the right one.
Label the syringe with the medication
name and dosage.
2. Check the expiration date on the vial.
Do not use a vial if the date has passed.
3. Inspect the vial for chips or cracks in the
bottle or the cap. Look at the contents.
The liquid should not be discolored and
there should be no floating particles. If the
vial is damaged or there are issues with the
contents, do not use the vial and tell the
nurse right away.
4. Clean the vial’s rubber cap with a disinfectant to wash off any contaminants.
5. Use a single dose vial only once. Discard any
of the medication that is left.
6. Write your initials and the date on a multidose vial if you are the first one to use it.
7. Draw air into the syringe and inject as much
air into the vial as solution you want to draw
up. This will keep a vacuum from forming,
which would make it hard for you to draw
up the solution.
8. After you pull the needle out of the vial,
hold the syringe with the needle facing up.
Tap the syringe a few times to move any
air bubbles to the top. Slowly expel any air
bubbles out through the needle.
Follow your clinic’s policies and procedures for
drawing up medications.
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Using IV Solutions
Read the drug name,
check the expiration date,
inspect the vial, and clean
the rubber cap.
Normal saline used during the treatment is
given through an intravenous (IV; into a vein)
bag. Spike (open) the bag and let the saline flow
through the tubing to prime it (get it ready).
Spiking the bag and priming the tubing before
use expels all of the air out of the extracorporeal
circuit so it can’t reach the patient’s bloodstream.
Follow your clinic’s procedure to connect the IV
tubing to the insertion port of the bag. Spiking
an IV bag is an aseptic procedure. Here are the
steps you may use:
Draw as much air
into the syringe as
solution you want to
draw up.
Inject air into the
vial to prevent a
vacuum.
Draw up the solution and
expel any air bubbles
from the syringe.
1. Remove the sterile protective cap or tear tab
from the port.
2. Place the bag on a flat surface or hang it up
on an IV pole.
3. Hold the port firmly in place (without
touching it) and insert the spike of the IV
tubing into the port.
4. Touch only the port and IV spike to each
other. If either touches anything else, they
are not sterile and you will need to get a new
bag, a new IV set, or both.
5. After you spike the bag and attach it to the
IV tubing, prime the tubing by letting the
saline fill it until no air is left.
Body Mechanics
You will use your muscles and bones on the job
to stand, walk, sit, or squat to carry, lift, push,
or pull. These tasks can injure your muscles
and back. When you use good body mechanics
(moving your body to prevent injury) you can
avoid muscle strain and fatigue (see Figure 5).9
The three main risk factors for a musculoskeletal
injury are:
wkward postures
A
Repetitive motion
Forceful exertion
Figure 4: Drawing up a solution
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To move well, you need to make friction, leverage, and gravity work for you. Your teacher will
show you the basics of good body mechanics.
Use what you learn in your day-to-day work.
M o d u l e
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Center of gravity
Resistance
Force
Fulcrum
Line of gravity
Figure 5: Good body mechanics
Lifting and Carrying
There is a right way to lift heavy objects—like
supply boxes:
S tand with your feet shoulder-width apart
Bend from your hips and knees
Never bend at the waist or turn when you lift, push,
or pull an object. Pick up the object and hold
it close to your body. Bend your knees. Keep
your back straight. You want to use your arm
and leg muscles—not your back. If the object is
too heavy for you to lift by yourself, don’t try it
alone—get help.9
Transferring Patients
Many HD patients need help to transfer (move
from a wheelchair to a treatment chair, chair to
bed, etc.). Your clinic will teach you to do a few
types of patient transfers. Use the steps you learn
to prevent injuries to yourself, other staff, and
patients.
Before you move a patient, check his or her
general condition. Try not to move a patient who
has unusual fatigue, nausea, or an unstable pulse
or blood pressure. An unstable patient may fall.
Learn how to minimize a fall:
I f a patient stands up and is unsteady, help
him or her to sit back on the edge of the
chair or bed he or she started from
I f you can’t prevent a fall, try to slowly ease the
patient down to the floor, then call for help
The technique you use for a transfer will vary
with how well a patient can stand up and bear
weight:
atients who can bear their own weight can
P
transfer alone. A staff member needs to
stand by in case the patient needs help. This
is especially true after a treatment, when the
patient may be dizzy.
Patients who can’t bear their own weight may
need more than one staff member. A lift device is the safest option. Nursing homes no
longer allow manual lifts for safety reasons.10
General Tips for Lifting
or Moving Patients
efore lifting or moving, evaluate
B
the patient
Get patients to help as much as they can
Know your own limits and do not
exceed them
Get help when you need to
Plan ahead and prepare
Use chairs, beds or other surfaces to
keep work tasks, equipment, and
supplies close and at the right height
(i.e., between the waist and shoulders)
Make sure brakes hold and apply them
firmly on beds, gurneys, chairs, etc.
Use upright, neutral working postures
and proper body mechanics
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Patients with Walkers
You may need to help patients who use walkers to
be sure they can balance and will not fall. It may
be faster for you to put a patient in a wheelchair.
But, it is physically better for the patient to use
the walker.
Chair-to-Chair
Transfers
Some patients can transfer from a wheelchair
to the dialysis chair and back after a treatment.
Others who use wheelchairs will need help to
transfer to the dialysis chair (see Figure 6).
Before you move a patient to or from a wheelchair,
lock the dialysis chair and wheelchair and put on
the brakes. Even with the brakes on, hold the
wheelchair in place or put one foot against a
wheel during a transfer to keep it from slipping
or tipping over.
Stand and Pivot Technique
If a patient can bear enough weight to stand, you
may be able to transfer him or her by yourself,
using the stand and pivot technique:11
ollowing your clinic’s procedure, help the
F
patient sit on the edge of the chair.
Put a gait belt (heavy canvas belt) around the
patient’s waist. The belt will help keep the
patient stable and help you maintain control
during the transfer.
Stand in front of the patient.
Help him or her to stand by pulling the belt
to bring the patient toward you.
Slowly pivot with the patient until you can
lower him or her into the other chair.
Remove the belt.
Use good body mechanics when you do this
to prevent back injury.
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Using a Slide Board
You can do a chair-to-chair lateral (sideways)
transfer from the sitting position using a slide
board (smooth, shiny board) to reduce friction.
When you use a slide board:12
ring the two sitting surfaces as close
B
together as you can.
Lock the wheelchair (if used). Remove the
armrest on the transfer side, if you can.
Put a gait belt around the patient’s waist.
Scoot the patient’s hips to the edge of the
bed or chair.
Lift up the patient’s leg on the transfer side.
Slide the board under the patient’s thighs/
buttocks at a 45&deg; angle between the sitting
surfaces.
Place the patient’s feet flat on the floor, and
put your foot between the patient’s feet.
Put one arm across the patient’s body like
a seat belt, with your hand on the patient’s
hip.
Have the patient lean forward with one hand
on the chair he or she is moving off of, and
the other hand on the board.
Help the patient scoot over to the new
surface and turn. Keep your back straight
and bend with your knees, so you don’t hurt
yourself.
Hold onto the patient until he or she is
secure on the new surface. Remove the gait
belt and sliding board.
Have a “spotter” standing by—someone who
can help the patient slowly to the floor if he
or she slips or the board moves.
Ask a staff person to hold the dialysis chair
to keep it from moving during the transfer.
Sit-to-Stand Devices
Sit-to-stand devices are used for patients who
can bear weight and bend their hips, knees, and
ankles. Patient transfers using sit-to-stand devices
require one staff member.13
M o d u l e
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Stretcher-to-Chair
Transfers
Some patients, often those from nursing homes,
come to dialysis on stretchers. If a patient can
bear some weight, follow your clinic’s procedure
to place the stretcher in a low position. Use the
stand and pivot technique. If the patient can’t
bear any weight, use a portable lift device.13
Stretcher-to-Bed
(Lateral) Transfers
Figure 6: Patient transfer
Portable Lift Devices
Portable lift devices like Hoyer™ lifts or sling lifts
are usually used for patients who can’t bear weight
or are very heavy. The weight limit will be in the
lift manual. Make sure the device will hold the
weight of the patient you are moving before you
try a transfer. Patient transfers with portable lift
devices need at least two staff members: one to
move the lift and one to pull the patient to the
right part of the chair.13 When you use a portable
lift device:
ake sure the sling is under the patient’s
M
body from shoulders to hips
Check that the hooks are all in the right slots
on the sling holder
Raise the patient up just enough to clear the
chair
Be sure the patient’s fingers are clear of any
hooks that could pinch
Release the patient down into the chair
gently
Reposition the patient as needed.
During your training, be sure you learn how to
operate the lift your clinic uses.
Lateral transfers are used for bed-bound patients.
You can use assist devices, like sheets or boards
with rollers, to help push and pull a patient from
a stretcher to a bed. You will need a few staff
members, but these devices avoid the need for a
complete lift, so there is less chance of injury.
The surface to which the patient is being moved
should be a half inch lower then the one he or she
is on.13 Some staff members will push and the
others will pull the patient onto the new surface.
Emergency
Preparedness
An emergency is a sudden event, like a fire,
tornado, hurricane, flood, blizzard, ice storm,
or earthquake. In an emergency, patients and
staff may have to evacuate the clinic. You need
to know how to help. Your clinic must have an
emergency action plan.4 Key points of emergency
preparedness include:
ollow your clinic’s plan to notify dialysis
F
and emergency staff
In an emergency, be able to tell patients:4
• What to do
• Where to go
• Whom to contact if an emergency
happens when the patient is not at
the dialysis clinic
• How to disconnect themselves from
the dialysis machine
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now where to find all exit doors, how to
K
find and use fire extinguishers, and your role
if there is an emergency
In case of fire, remember R.A.C.E.:
• Rescue
• Activate the alarm
• Contain the fire (only if small)
• Evacuate
T
o use a fire extinguisher, remember P.A.S.S.:
• Pull the pin
• Aim the nozzle at the base of the flames
• Squeeze the handle
• Spray from side to side at the base
of the flames
Disconnect patients from the machine in
this order:
1. Patients who can walk without help
2. Patients who can walk, but will need
some staff help to do so
3. Patients who can’t walk and will need
staff help to evacuate
Leave the premises using the safest and
closest exit
Know your role in your clinic’s disaster plan
Documentation
At each HD treatment, we write information that
becomes part of a patient’s medical record, or
chart. Documentation (writing about the patient’s
care in the chart) helps the care team track how a
patient responds to treatment.
A patient’s record is kept to provide:
way for staff taking care of the same paA
tient to share what they know
A basis to prescribe medical treatment
A diagnostic tool for the team
Data for research and quality improvement
A legal document, admissible in court, as
evidence of care the patient did or did not
receive. Legally, if something was not charted,
it was not done.
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Each clinic has policies and procedures for how
to document patient care. Know your role in
documenting the patient’s medical record.
Paper Charting:
Writing an Entry in the
Medical Record
As a dialysis technician, part of your role is to
document patients' treatments. Learn your
clinic's documentation policy. Write so that anyone who reads your notes will know exactly what
happened. You are painting a picture for other
staff. Include only facts, NOT your opinions.
Proper charting is vital for legal reasons. In most
cases, entries can be printed or written in script
as long as they can be read and are in ink. After
each entry you make, write your name and title,
in the format used by your clinic, for example, “J.
Smith. D.T.”
What do you do if you make a mistake? You can’t
use ditto marks, erase, or use correction fluid;
these could lead to legal questions if the chart is
used in a court case. Instead, most clinics require
you to fix errors by drawing one line through the
wrong entry. Then, write “error” or “mistaken
entry” (ME) above the mistake, and write your
initials next to it, like this:
ME (A.K.)
Example: Patient dialyzed for 4 hrs. 3.5 hrs.
Never leave lines in a chart partly or fully blank.
If the end of a line is not filled in, draw one line
through it to keep someone else from charting
there after the fact. Record the time on all entries. Read your clinic’s policy manual for specific
how-to’s.
Be accurate when you chart:
e sure the patient’s full name is on each
B
page, so a page of one patient’s chart is not
accidentally put in another patient’s chart
Use only abbreviations and initials that are
approved by your clinic
M o d u l e
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Table 1: Abbreviations, symbols and acronyms that cause errors14
Do Not Use These Abbreviations, Symbols, and Acronyms
Abbreviation
Intended to Mean
Wrong Meaning
Use This Instead
&deg; (degree)
Hour
Misread as zero
Hr
Q.D.
Daily
Misread as 4 times a day
Daily
Q.O.D.
Every other day
Misread as 4 times a day
Every other day
cc
Cubic centimeters
Misread as “u” or 4
mL
U
Unit
Zero, 4, or cc
Unit
IU
International unit
IV (intravenous)
Spell out international unit
1.0
1
10
No decimal places for
whole numbers
0.5
0.5
5
Use a zero if a number
is less than 1
&micro;g
Microgram
Mg (milligram)
Mcg or microgram
x3 D
Days or doses
Opposite – doses or days Spell out days or doses
I nclude the effects and results of all treatments and procedures
Include detailed descriptions when you chart
about pain, patient complaints, etc.
Other symbols can also be confused and should
not be used (see Table 1). The symbols for greater
than (&gt;) and less than (&lt;), and the symbol for at
(@) are all best spelled out.
Working with Dialysis
Treatment Orders
Dialysis treatment orders are written by
the nephrologist and may need to be copied
onto the flow sheet. Dialysis treatment
orders include:
Length and frequency of the
treatments
Dialyzer brand, model, and size
Dialysate composition
Heparin dose
Blood and dialysate flow rates
Ultrafiltration (UF) parameters
Electronic Charting
Your clinic may use electronic, not paper, charting. In this case, each patient’s medical record
is kept on the computer. To be sure an electronic
chart is not tampered with and to keep
confidentiality:
ever share your password or computer
N
signature with anyone. This includes another
dialysis technician or nurse at your clinic, a
temporary worker, or even a doctor.
Log off if you are not using your terminal,
even if you just plan to step away for a
moment.
Follow your clinic’s protocol to fix errors.
Computer entries are part of the patient’s
permanent record and can’t be deleted. In
most cases, you can fix an entry error before
you store the entry.
Stored records have backup files—a vital
safety feature. If you accidentally delete part
of the permanent record, type an explanation
into the file with the date, time, and your
initials.
Never display patient information. Don’t
leave information about a patient on a
monitor where others can see it. Don’t leave
printed versions or excerpts of the patient’s
chart where people can see them, either.
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Predialysis
Treatment
Procedures
Several tasks must be done before a patient’s
treatment can start. This section will cover:
e treatment plan
Th
Setting up the equipment
Evaluating a patient before a treatment
The Treatment Plan
Dialysis is done with a doctor’s prescription.
Each patient has a treatment plan. It is vital to
know where to find these plans and how to carry
them out as ordered. The nephrologist tailors
each patient’s treatment plan to meet his or her
needs. One patient may have a longer treatment
run; another may use a different dialyzer. The
physician checks each patient and changes
the treatment plan, when needed, by
writing new orders.
Setting Up the
Equipment
You will set up the equipment before each
treatment and check the:
1. Dialysate
2. Extracorporeal circuit
3. Dialyzer
4. Machine alarms
Module 4, Hemodialysis Devices, covers all of the
equipment in detail. This section will give you
an overview of what you need to do before each
treatment.
Dialysate
Dialysate is made up of RO water, acid concentrate, and bicarbonate concentrate. Since only
a semipermeable membrane keeps the patient’s
blood apart from the dialysate, the exact make-up
of the dialysate is key to your patient’s well-being.
Key Points to Learn
about Dialysate Set-up
Your task is to learn:
ow and when to prove that there
H
are no chemical disinfectants in the
dialysate lines
How to choose the right dialysate for
each patient and connect it to the
machine
How to check that the temperature,
conductivity, and pH are within limits
Dialyzer and Bloodlines
The extracorporeal circuit includes the:
ialyzer
D
Bloodlines
Monitoring lines
Heparin line
Transducer protectors
Priming and Recirculation
You must use aseptic technique to take a cap off a
bloodline so you don’t touch the inside of the lines
and cause an infection. You will learn to prime the
bloodlines and dialyzer with normal saline. Then,
you will learn to connect the venous and arterial
bloodlines to form a loop, and recirculate
the prime (send it through the loop).
Priming takes air and germicide out of the bloodlines and dialyzer. Recirculation keeps them out.
During recirculation, UF and diffusion help “dialyze off” any germicide that is left. The germicide
moves from the blood side of the dialyzer to the
dialysate side, and then down the drain.
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Key Points to Learn about
Setting Up the Dialyzer and
Bloodlines
Learn how to check a single-use dialyzer to
prove that:
I t is the one the doctor ordered
It has not expired
It is not defective (e.g., caps are on,
no cracks or leaks, etc.)
The package is intact
Learn how to check a reprocessed dialyzer
(if used) to prove that:
I t has the right patient name label and
number of prior uses
There is no evidence of damage or
tampering
The ports are capped and not leaking
Germicide is present
The time interval since the dialyzer was
reprocessed is safe (not too long or too
short)
The dialyzer looks good enough to use
Learn how to set up the bloodlines so that:
e bloodlines, saline, and dialyzer are
Th
placed on the machine the right way.
The inside of the bloodlines are
kept sterile.
Key Points to Learn about
Priming and Recirculation
Air bubbles can cause blood clotting in the
dialyzer and tubing during a treatment.
Learn the right way to:
rime and recirculate
P
Remove air from the bloodlines
and dialyzer
Test to be sure the germicide has been
rinsed out of a reprocessed dialyzer
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Predialysis Safety Check
Most dialysis machines do some safety checks for
you when you press a button. You need to know
what the machine is checking. It is vital to ensure
that the safety checks are done before each treatment.
Completing this check is key to patient safety. If
an alarm is not working and the treatment starts,
the patient could be harmed.
All alarm checks must be successfully done before
a machine is used for a treatment. If any alarm
checks fail, remove the machine from the patient
area for inspection, per your clinic’s policy.
Key Points to Learn about
Predialysis Alarm and Safety Checks
Test these extracorporeal alarms:
Air detector
Blood leak detector
Arterial pressure high/low alarm
Venous pressure high/low alarm
If each of the above alarms is working:
1. The blood pump will stop
2. The venous line should clamp
3. The audio alarm will sound
4. The alarm message will show up on the screen
Test these dialysate alarms:
Conductivity alarm
Temperature alarm
pH alarm (some machines do not have this alarm)
If each of the above alarms is working, the machine will
go into bypass mode (dialysate flow to the dialyzer should
stop).
Any time the blood pump is running, all these alarms
must be working.
Do these dialysate safety checks15
Independent pH test
Independent conductivity test per the manufacturer
(must be within 5% of the limit for the dialysate used)
UF check to prove that the fluid removal parts
of the machine work
Negative germicide test to prove that germicide
is gone from a reprocessed dialyzer
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Predialysis Patient
Evaluation
Part of your job will be to look at the patient’s
health before a treatment. You will learn to
compare what you find with data from past
treatments. You will also learn what abnormal
findings to tell the nurse about. This is an important task. In rare cases, the nurse may decide the
patient’s health is not stable and that treatment in
an outpatient setting may not be safe.
The predialysis patient evaluation includes:
Weight
Edema (Swelling)
Pulse
Blood pressure (BP)
Respiration rate
Temperature
Vascular access
General physical and emotional health
Weight
Most dialysis patients make little or no urine.
Between treatments, much of what they drink
stays in their bodies, so they gain weight. Signs
of too much water weight gain include:
dema from extra water in the tissues
E
Shortness of breath from extra water in
the lungs
A rise in blood pressure from extra water in
the blood vessels
The patient’s pretreatment weight is used to
decide:
1. How much water weight the patient gained
since the last treatment
2. How much water weight to take off at this
treatment
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With respect to weight, your task is to learn:
ow the scale works and how to balance it
H
to make sure it is accurate
Your clinic’s guidelines on maximum weight
gains between treatments
When to tell the nurse about abnormal
weight changes (too much or too little
weight gained)
The dry weight or estimated dry weight (EDW) is
what the patient’s weight would be with no extra
water and with a normal blood pressure. The
doctor prescribes a dry weight for each patient.
This number is used to decide how much water
weight to remove during the treatment. In an
ideal case, by the end of a treatment the patient
will be at or near dry weight.
Not all weight changes are due to water—many
factors can affect a patient’s dry weight:
hospital stay or illness with loss of appeA
tite, diarrhea, or vomiting can cause the dry
weight to drop
The holidays often cause increases in dry
weight because patients eat more than usual
Patients may lift weights to build muscle,
and gain real weight
Wearing different clothes or shoes can raise
or lower a patient’s weight on the scale
Taking off too much water can make the patient
feel very ill. Not taking off enough is also harmful. Because a patient’s real weight can change,
the accuracy of his or her dry weight must be
checked often. If you or the patient thinks the
dry weight has changed, tell the nurse. A doctor’s
order is needed to change a patient’s EDW.
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Dry Weight Assessments
fter a treatment, a patient at dry
A
weight should have:
• Normal blood pressure
• No edema
• No shortness of breath
After a treatment, a patient above
dry weight may have:
• High blood pressure
• Edema
• Shortness of breath
After a treatment, a patient below
dry weight may have:
• Low blood pressure
• Lightheadedness or dizziness when
standing
• Muscle cramps
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Pulse
With each heartbeat, the heart muscle pushes a
wave of blood into the arteries. This pulse wave
can be felt or heard at several points on the body.
You will learn to take a patient’s pulse by feeling
or listening at a pulse point (see Figure 7) and
to record the number of beats per minute. The
rhythm of the pulse can also be recorded. A
normal pulse for an adult is between 60 and 100
beats per minute, with a regular rhythm. If the
patient's pulse is very fast, very slow, or irregular,
tell the nurse.
Temporal
Carotid
Apical*
Brachial*
Radial*
Edema
Edema occurs when extra water builds up in the
patient’s tissues. Due to gravity, the effects of
edema are often seen in the feet or ankles. Edema
may also be seen in the hands, face, abdomen,
or back. Asking simple questions like, “How do
your shoes fit?” &quot;Have you been short of breath?&quot;
and “Do your rings feel tight?” can help you find
problems with edema.
You can check for the amount of swelling by
gently pressing your thumb over the foot, ankle,
or shin with slow, steady pressure. If a dent stays
in the patient’s skin, this is called pitting edema
and is more severe.
Be sure to learn:
ow your clinic wants you to check
H
patients for edema
When to tell the nurse about a patient’s
edema
Femoral
Ulnar
The patient's pulse may be
taken at several points.
* These pulse sites are
commonly used for
dialysis patients.
Popliteal*
Posterior
tibial
Pedal pulse*
Figure 7: Sites used for taking a pulse
Key Points to Learn
about Taking a Pulse
Your task is to learn:
hen to tell the nurse about an
W
abnormal pulse rate or rhythm
Where to check for the pulse. Sites
include:
• A radial pulse (at the wrist)
• A
brachial pulse (in the crease of the elbow)
• An apical pulse (over the heart, using a
stethoscope)
• A pedal pulse (on the foot)
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Blood Pressure (BP)
The pulse of each heartbeat causes pressure inside
the arteries:
e highest pressure occurs during a
Th
heartbeat, when the heart contracts (systolic)
The lowest pressure is between beats, when
the heart is at rest (diastolic)
A BP reading records both the high number
(systolic) and the low number (diastolic). So if a
BP reading is 120/70 (“120 over 70”), the systolic
pressure is 120 millimeters of mercury (mmHg)
and the diastolic pressure is 70 mmHg.
We use a stethoscope and sphygmomanometer
(blood pressure cuff) to check BP. You will take
BP readings while the patient is seated and standing. In clinics, BP readings may be taken by the
dialysis machine, but you also need to know how
to take a manual BP. For example, if you question a machine reading or a patient feels faint in
the waiting room, you’ll need to use a portable
BP cuff.
Key Points to Learn about
Taking a BP
Your task is to learn:
hen to tell the nurse about an abnorW
mally high or low predialysis BP reading
How to correctly take a machine and a
manual BP
How to correctly take both an arm and
a leg BP
The American Heart Association (AHA) says we
should check a BP at the heart level:
I f the BP site (e.g., arm) is below heart level,
the readings will be too high
If the BP site is above heart level, the
readings will be too low16
The difference will be greatest if you take a BP on
a leg while the patient stands up. Instead, take
a leg BP in the supine position (with the patient
lying flat on his or her back). A BP pressure reading on a leg tends to be higher than one taken in
the arm. Patients with peripheral artery disease
will have lower knee and ankle blood pressures.
Where you put the BP cuff and the cuff size can
both change the accuracy of a BP reading:17
uffs that are too small will cause
C
a higher reading
Cuffs that are too big will cause
a lower reading
BP cuffs that are wrapped too loosely or
unevenly will also cause a higher reading
The AHA says a cuff bladder length should be
80% of the patient’s arm or leg circumference
(arm or leg). (If you hold the end of the cuff
bladder anywhere on the middle of the patient’s
arm and pull the cuff lightly around the arm, no
more than 1/5 of the arm should be uncovered.)
The ideal width of the cuff bladder is at least
40%18 (a little less than one-half of the distance
between the elbow and shoulder). Refer to Table
2 as a guide.19
Table 2: Blood pressure cuff sizes
You will most often check a patient’s BP on his or
her arm, but may need to check a BP on the leg
(see Figure 8). For example, a patient may have
an access in both arms, or may have only one
arm. Two sites for taking a leg BP are:
1. Placing the cuff above the knee
2. Placing the cuff above the ankle
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Distance Around Arm
Blood Pressure Cuff Size
7–9 inchesSmall adult cuff
9–13 inchesStandard adult cuff
13–17 inchesLarge adult cuff
M o d u l e
Posterior tibial artery
Anaeroid
sphygmomanomter
6
Fibular artery
Brachial artery
Cuff
Valve
Bulb
Popliteal artery
Figure 8: Blood pressure sites
In patients with kidney failure, changes in fluid
status are the key reason that BP readings rise
or fall. As water weight rises, the BP also rises.
Extra water in the blood raises pressure inside the
blood vessels. As water weight is removed, the BP
goes down because the total blood volume drops.
Respiration Rate
With each breath, oxygen from the air enters the
lungs and carbon dioxide leaves them. This gas
exchange affects the health of every cell in the
body. Most adults have a regular rate of about
12–16 breaths per minute. Patients may change
their breathing patterns if they know you are
counting. So, count breaths while you are taking
a patient’s pulse or checking for edema, and don’t
say that you are doing it.
In dialysis patients, water weight gains may cause
water to enter the lungs. This leads to shortness
of breath or trouble breathing. Report these
symptoms to the nurse. He or she may use a
pulse oximeter (“pulse-ox” machine with a sensor
probe) to check the oxygen level in the patient’s
blood. The probe, which looks like a clothespin,
is placed on a finger. The machine then shows the
oxygen saturation (Sa02). A “pulse-ox” reading of
less than 90% is abnormally low. Besides water
weight, a low “pulse ox” reading may mean the
patient has steal syndrome in a fistula or graft.20
Key Points to Learn about
Counting Respirations
Your task is to learn:
How to correctly count the breathing rate
hen to tell the nurse about an abnormal
W
breathing pattern
Temperature
A number of thermometer types are used to
measure a patient’s temperature (see Figure 9).
No one temperature is “normal” for all people.
About half of all HD patients tend to have low
temperatures before dialysis, around 96.8&deg; F.21
We are not sure why.
A high temperature before a treatment could be
due to a cold, flu, or infection (e.g., in an access,
the bladder, or a foot—common with diabetes).
Inflammation, such as pericarditis (an inflamed
heart sac) can also cause a fever. See Table 3 to
learn more about vital signs.
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Tympanic thermometer
Key Points to Learn
about Taking a Temperature
Your task is to learn:
hat type of thermometer your clinic
W
uses and how it works
When to tell the nurse about a too
high or too low reading
Digital thermometer
Figure 9: Thermometer types
Table 3: Vital signs for adult patients on hemodialysis
Vital Sign/Definition
What You Should Find
Terms
Blood pressure (BP)
BP before dialysis should not be
higher than the target set by the
patient’s doctor
Hypertension—high BP (often with no symptoms)
• Systolic: Pressure in an artery
during a heartbeat. Top number in
a BP reading.
High BP for adults: &gt;130/8022
• Diastolic: Pressure in an artery
when the heart is at rest. Bottom
number in a BP reading.
Pulse
The wave of blood in an artery caused
by each heartbeat
60–100 beats per minute (with
regular rhythm)23
Hypotension—low BP
Orthostatic hypotension —a drop in BP of
15 mmHg or more upon rising from sitting to
standing. The patient may feel dizzy and faint.
Tachycardia—fast pulse, &gt;100
Bradycardia—slow pulse, &lt;60
Normal sinus rhythm—normal rate and rhythm
Arrhythmia—irregular rate and rhythm
Respiration
12–16 breaths per minute23
Taking air into and pushing it out of the
lungs
Temperature
Difference between body heat made
and lost
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Dyspnea—shortness of breath
Apnea—no breathing
96.8–98.6&deg;F or 36–37&deg;C24
Afebrile—without fever
Febrile—with fever
M o d u l e
Vascular Access
The vascular access is the patient’s lifeline. Before
each treatment starts, check the access to be sure
it is working. See Module 5: Vascular Access to
learn how to check the access.
General Physical and
Emotional Health
You can talk with patients, ask them questions,
and listen to their answers to find out how they
are doing before a treatment. Patients know
themselves best. By talking to and watching
them, you can find clues to their general health
and emotional well-being. Here are some questions you might ask:
ow have you felt since your last treatment?
H
Have you had any trips to the emergency
room or outpatient procedures?
Have you felt any chest pain or trouble
breathing?
Are you having any problems eating or
digesting your food?
Have you seen any doctors or started any
new meds since your last treatment?
Have you been able to do things you
want to do?
You can also learn about patients just by watching
them. For example:
id the patient walk into the clinic as well as
D
on other days?
Is the patient’s speech normal (not slurred)?
Does the patient seem confused, agitated, or
depressed?
Is the patient’s skin color normal or is it pale
or ashen (gray)?
See Module 2: The Person with Kidney Failure to
learn more about patients’ health.
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Key Points to Learn about What to Do
Before You Start a Treatment
The steps you will need to take include:
atch the dialyzer to the patient
M
Test the dialyzer for residual disinfectant if
it was reprocessed
Match the dialysate to the patient
Test and arm all of the alarms and be sure they
are within limits:
• Arterial pressure
• Venous pressure
• Blood leak detector
• UF
• Conductivity/sodium variation
• Temperature
• Dialysate flow
Prime the dialyzer and tubing with normal saline
and recirculate
Check all of the tubing connections
Take the patient’s vital signs
Complete the predialysis data collection and
evaluations
Place and tape the dialysis needles or be sure that
the catheter is properly flushed and prepared
Starting a Dialysis
Treatment
A number of steps are needed to start the
treatment:
alculating how much water to remove
C
Connecting to the patient’s access
Blood testing
Starting the dialysis machine
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Calculating How Much
Water to Remove
Ultrafiltration (UF) is a main task of dialysis.
Before we had modern machines, we had to calculate transmembrane pressure (TMP) and set it
to reach the right UF. A dialyzer’s KUF (ultrafiltration coefficient) and the patient’s UF goal (total
water to remove) were part of this equation.
The KUF refers to how water permeable a dialyzer
is, and how much fluid can pass through the
membrane at a given pressure in the blood side:
igh efficiency dialyzers have a KUF
H
from 7–15
High flux dialyzers have a KUF
greater than 15
TMP, as measured by most dialysis machines
today, equals the venous pressure minus the dialysate pressure, in mmHg. A machine may show
TMP as a positive number if it is measured in
the blood side, where pressure should always be
higher. Or, TMP will show as a negative number
if it is measured in the dialysate side.
We don’t have to calculate and control the TMP to
reach a patient’s water weight loss these days. But,
we do still need to check TMP. We might find
pressure changes due to clotting in the dialyzer, for
example. You can find the approximate TMP if
you divide the patient’s hourly UF rate (UFR) by
the dialyzer’s KUF: TMP = UFR &divide; KUF
Appendix 1 on page 213 gives you the equation
for TMP and changes you can expect if clotting
occurs. See Module 4: Hemodialysis Devices to
learn more.
It is your job to calculate how much fluid to
remove during dialysis. How?
1. Start with the desired weight loss. This is
based on:
• The patient’s EDW
• The patient’s pretreatment weight
• What the patient tells you about how
much to take off, based on how he or she
feels. (Remember, some weight is real
weight, not water.)
2. Adjust for the patient’s fluid intake
during dialysis (see Table 4). We don’t
usually include fluid output during
dialysis (e.g., urine, vomit, stool). Fluid
intake includes:
• Saline prime (unless this has not been
infused into the patient)
• Rinseback (saline used to return the
patient’s blood back into the body after
a treatment)
• Ice chips, drink, and meds
3. Enter the total fluid amount (in mL)
into the dialysis machine, along with the
treatment time.
4. The machine will calculate and set the
hourly UFR.
Table 4: Example of total water removal calculation25
Desired weight loss is 2kg (1 kg = 1,000 mL)
= 2,000 mL
Priming saline
= 240 mL
Saline rinseback
= 200 mL
Medications
= 250 mL
Dietary intake (ice chips, drinks)
= 120 mL
Total fluid amount to remove
= 2,810 mL
UFR per hour (mL/hr): 2,810 mL &divide; 4 hours (treatment time) = 702.5 mL/hr or 0.7 L/hr
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Replacing Fluid
Rarely, you may need to give patients normal
saline during the treatment to help them reach
their goal weight. For example, a patient may
come in for a treatment dehydrated and below
dry weight due to vomiting or diarrhea. Tell the
nurse if a patient comes in below dry weight. He
or she will tell you if saline is needed during a
treatment, and, if so, how much.
Connecting to the
Patient’s Access
Preserving a patient’s access through correct cannulation is one of the most vital tasks you will do.
With a fistula or a graft, needles must be placed
into the access. Skilled and gentle needle placement helps an access last longer. Good blood
flow through the needles helps ensure that a
patient will receive a treatment with proper clearances of waste and fluid from the blood.
Patients whose fistula or graft is not yet ready to
use, or who do not have a venous access, must use
a central venous catheter. Catheters must be used
with great care to prevent infection. See Module 5:
Vascular Access to learn how to care for and cannulate accesses.
Blood Testing
Blood tests are done to see how the patient is doing with dialysis and his or her meal plan. Refer
to your clinic’s or laboratory’s procedures for how
blood tests must be done. In this section, you
will learn the basic theory of how to draw samples
of the patient’s blood from the blood tubing port
or the needle tubing with a needle and syringe or
a vacuum tube.
6
Key Points about
Laboratory Testing
Learn how to:
se aseptic technique and HD
U
infections control precautions
(see page 172).
Draw samples from the arterial
bloodline injection port or arterial
needle tubing.
Draw samples before you start the
dialysis treatment.
Draw blood samples before you give
saline or heparin.
Always draw blood tubes in the order
your lab requests. Chemicals added
to some tubes may change test results
in other tubes if they are drawn in the
wrong order.
Gently tip blood tubes back and forth
to ensure proper mixing of blood with
any additives in the tube. Do not
shake blood tubes vigorously.
Keep blood tubes upright and label
them with the right patient’s name.
Know how to process test tubes, e.g.,
which ones must be refrigerated, which
ones must sit for 10–20 minutes before
spinning, etc.
Avoid placing blood sample tubes on
warm or hot surfaces (e.g., on top of a
dialysis machine).
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Drawing Blood Samples
ll blood tests need a doctor’s order. You must
A
wear gloves, a face shield or eye protection, a
mask, and a gown when you draw blood. Most
dialysis patients have anemia, a shortage of red
blood cells. Blood tests remove even more blood,
which can worsen anemia. Draw the smallest
amount of blood that your clinic’s lab will take
for each test. Use pediatric methods and blood
tubes when you can.
Most blood tests are drawn before the treatment,
except for:
P
ost-dialysis BUN (a test of dialysis adequacy)
Recirculation studies (a test of how much
blood is being cleaned during a treatment)
Blood cultures (a test for bacteria)
After you draw blood, use safe needle devices so
you don't stick yourself.
Follow your clinic’s policies when you draw
blood. Here are three ways to draw blood samples from a patient’s needle tubing or bloodline:
1. Use a syringe and needle, needleless adapter,
or vacuum tube/needle holder to draw
blood out of an injection port on the
arterial bloodline. Inject the blood into
a sample tube.
2. Attach a syringe to the end of the patient’s
needle tubing. Draw blood into the syringe.
Clamp the needle tubing. Put a needle on the
syringe and inject the blood into a sample
tube.
3. Use a Luer-Lok&reg; adapter to draw blood right
into a vacuum sample tube.
* There are many types of blood tubes. Learn
which tube to use for each type of test. You can
identify tubes by the color of their rubber caps
(e.g., red speckled top, plain red top, lavender
top). The color-coding is vital. Some tubes
have preservatives or solutions needed for a test.
Vacuum tubes do not fill completely. Do not try
to over-fill a tube. When the vacuum stops
pulling blood into a tube, the tube is full.
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After you draw the sample, you will usually attach
a syringe to the end of the needle tubing to flush
the line with saline and keep the tubing sterile.
In patients with catheters, draw and discard
a small amount of blood (using an approved
container labeled for hazardous waste) before you
draw blood samples for tests. The first blood
from a catheter will have heparin, which may
change the results of some blood tests. To draw
blood samples from a catheter, follow your clinic’s
procedure. In some states, catheter blood draws
must be done by a nurse.
Using a Centrifuge
A centrifuge is a machine that uses centrifugal
force to separate red blood cells from the serum.
It may be your job to “spin down” or centrifuge
blood samples. Follow your clinic’s procedures to
use the centrifuge. Not all samples will need to
be placed in the centrifuge.
Testing Blood Sugar
Diabetes is the most common cause of kidney
failure. It is treated with diet, pills, and/or
insulin. If a patient with diabetes shows signs
and symptoms of low blood sugar (hypoglycemia)
such as nervousness, sweating, trembling, intense
hunger, weakness, palpitations, or trouble speaking, tell the nurse so the patient’s blood sugar
level can be tested.
Most dialysate solutions have some glucose which
helps keep the patient’s glucose levels from
dropping too low during the treatment.
M o d u l e
Starting the
Dialysis Machine
Once all of the previous steps are done, you will
need to connect the bloodlines to the access.
If the patient will receive the saline prime
that is in the bloodlines:
• Follow your clinic’s policies and procedures. (Dialyzer makers will not want you
to give the priming saline to the patient if
their procedure means that the saline must
recirculate.)
If the patient will not receive the saline
prime:
• Connect only the arterial bloodline to
the arterial needle.
• Turn on the blood pump.
Pressure monitors must be engaged at
all times when the blood pump is on.
• Let the saline prime slowly drain into
the waste container through the venous
bloodline.
• Once blood reaches the venous chamber,
connect the venous line to the access.
• Follow your clinic’s policies and procedures, and closely watch the patient.
This process has a risk of severe blood
loss until the venous line is connected to
the access.
Once the arterial and venous bloodlines are
connected, slowly increase the blood flow to
the prescribed rate.26
After the treatment has started, document
information about the start of the treatment
on the treatment flow sheet.
Before you leave the patient’s chair,
recheck that you have verified ALL alarms
and settings.
Check that all line connections are secure
and that you can see the patient's access.
6
Monitoring
During Dialysis
After the treatment starts, you will monitor the
patient and the machine. Patient monitoring
includes:
aking vital signs
T
Checking the vascular access
Assessing the patient’s general condition
Monitor anticoagulant levels
Machine monitoring includes:
quipment safety checks
E
Monitoring the bloodlines and the
machine readings
Quickly responding to alarms when
they occur
Measures to Ensure Safe
and Reliable Machine Use
Learn how to:
un the machine
R
Understand all of the dials and displays
Test all alarms by hand or automatically
before each treatment
Use only dialysate concentrate that is
prescribed for the patient, and have
enough ready for the whole treatment
Avoid changing the conductivity alarm
limits during a treatment
Patient Monitoring
Vital Signs
You will check the patient’s vital signs during
dialysis to ensure a safe and effective treatment.
Your clinic may have you check them every half
hour—or more often if a patient has symptoms
or is unstable. Tell the nurse if you have any
unusual findings.
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Vascular Access
CMS and State Health Departments require that
you must be able to see a patient’s vascular access
at all times during a treatment. Covered vascular
accesses can be deadly. Bleeding from bloodlines
that come apart or a needle that pulls out could
be covered up by a blanket. You might not see the
blood in time to prevent fatal blood loss.
General Patient Condition
You will learn how patients tolerate a treatment
by watching and listening to them. Watch the
patient’s behavior, appearance, response, and
symptoms. Teach your patients what symptoms
to look for (they often don’t know until you tell
them). Ask them to tell you about any symptoms
they have. Report symptoms or any unusual
events to nurse so the care team can take action
early. (See Hemodialysis Complications
on page 200.)
Giving Medications
Patients will need some medications before, during, or after a treatment. Drug timing depends
on whether a drug will dialyze off, and on your
clinic’s policies and procedures. For example, patients can’t take certain blood pressure pills within
a few hours before a treatment. If they did, their
blood pressure could drop dangerously low during the treatment.
A nurse may give some drugs—such as Epoetin
alfa (EPO) or IV iron—during a treatment. Others, like some antibiotics, are given near the end
of or after a treatment. This reduces the chance
of the drug dialyzing off.
Key Points to Learn about
Dialysis Treatment Monitoring
ow often to check the patient’s vital
H
signs during treatment
Signs and symptoms of problems that
may occur during treatment
Equipment safety checks and how
often they are done
Where to find all of the alarms, how
they work, and what to do if an alarm
or an emergency occurs
Anticoagulation
During a treatment, the patient’s blood touches
the plastic dialyzer and lines. This contact can
cause blood to clot, which could clog the dialyzer.
Anticoagulants (blood thinners) help prevent clots
so the patient’s blood will flow freely. Two common blood thinners we use in dialysis are heparin
and citrate. Frequent saline flushes may be used
to prevent clotting in patients who cannot use
heparin or citrate.
Heparin
The anticoagulant of choice in HD is heparin. It
is easy to give and works fast. Depending on the
patient, heparin is gone from the bloodstream
in 30 minutes to 2 hours, so it does not thin
patients’ blood outside of dialysis.27 The patient’s
doctor prescribes the dose used in a treatment.
There are three ways to give heparin before a
treatment (see Table 5). Which technique is used
will depend on the patient’s needs and your
clinic’s procedure.
Activated clotting time (ACT) is a test of how long
it takes for a patient’s blood to clot. If ACTs are
used, heparin orders will keep the patient’s
clotting time at a prescribed limit, such as twice
the baseline ACT, during a treatment. Today,
only certified labs can test human blood. So,
most dialysis clinics don’t use ACTs any more.28
Follow your clinic’s policies and procedures about
how to check clotting times.
198
M o d u l e
6
Table 5: Ways to give heparin27
Heparin Bolus and Routine • Inject a bolus (single amount) (e.g., 30–50 Unit/kg) about 3–5 minutes before
Continuous Infusion
a treatment starts.
• Use the heparin pump to continuously infuse heparin during the treatment as ordered.
• Stop the heparin pump before the end of the treatment, as ordered by the physician or
per your clinic’s policy.
Routine Repeated Bolus
• Inject a bolus dose of heparin about 3–5 minutes before the start of the treatment.
• Give bolus doses of heparin throughout the treatment, as ordered by the physician or
per your clinic's policy.
“Tight” Heparin
• Used for patients who have a mild to moderate risk of bleeding or will have a procedure
done after a treatment. The bolus dose and infusion rate is lower than with routine
continuous infusion.
• Inject a bolus (e.g.,10–20 Unit/kg) about 3–5 minutes before a treatment starts.
• Use the heparin pump (see Figure 10) to continuously infuse heparin during the treatment
as ordered.
• Continue the heparin pump until the end of the treatment as ordered by the physician or
per your clinic’s policy.
Signs of not enough heparin:
To dialyzer
Heparin infusion line
Heparin pump
lood clots in the venous drip chamber
B
or dialyzer
Very dark-colored blood in the bloodlines
Shadows or streaks in the dialyzer
Heparin-free Dialysis
Figure 10: Heparin pump
Learn the signs of heparin or bleeding problems
and report any problems to the nurse. Check
your patients for signs and symptoms of too
much or not enough heparin.
Signs of too much heparin:
Nosebleeds
Bleeding in the white part of the eyes
Ecchymoses (bleeding into the skin)
Prolonged bleeding from the access after
treatment
Heparin-free dialysis can be done for patients who
are at a high risk for bleeding or can’t use heparin.
Normal saline, usually 100 mL, is flushed through
the arterial line, before the dialyzer, every 15–30
minutes.
Heparin-free dialysis is hard to do well.
To succeed, you need:27, 28
good arterial blood flow rate
A
(&gt;250 mL/min)
A dialyzer with a high UF coefficient
A dialysis machine with UF control
Add the total fluid amount of all of the saline
flushes to the patient’s UF goal.
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Arterial pressure
drip chamber (positive
post-pump pressure)
+
Arterial pressure
drip chamber
(negative,
pre-pump pressure)
Blood pump
Arterial
(pre-pump)
pressure
–
Arterial
bloodline
Venous pressure
gauge (positive,
postdialyzer
pressure)
Vascular
access
+
Venous
bloodline
Air detector
+
Line clamp
Figure 11: Pressure monitoring devices on arterial
and venous bloodlines
#1
#2
#1 uses an ultrasonic sensor
device to monitor change
in souind transmission
#2 uses a photocell
to monitor change in
light transmission
Sensor device
Sensor device
Line clamp
Line clamp
Figure 12: Air detector
Regional Citrate
Regional citrate is used (rarely) for patients who are:
leeding
B
At high risk for bleeding
Can’t use heparin
Blood needs calcium to clot. One way to thin the
blood is to lower a patient’s blood calcium levels just
in the extracorporeal circuit. This can be done by
adding trisodium citrate to the arterial bloodline.
A calcium-free dialysate is used, too.
We can’t return the patient’s blood with low calcium levels; it would be harmful. So at the same time
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that trisodium citrate is added, calcium chloride is
added via the venous bloodline after the dialyzer.
This works quite well, but it is very complex to
monitor and therefore mainly done in hospitals.
Newer acid concentrates for dialysate are a
third way to thin the blood without the use of
heparin. Standard acid concentrates use acetic
acid. Citrasate&reg; and DRYalysate&reg; use citric acid
instead. The citric acid will thin the blood as
small amounts of it diffuse across the membrane.
Since the patient’s calcium levels don’t drop, this
technique does not need complex monitoring.29
Technical Monitoring
You will learn the meaning of each monitor on
the HD machine and what to do when an alarm
sounds. If an alarm sounds or the equipment
stops working during the treatment, you must act
quickly to find the problem. Module 4: Hemodialysis Devices covers monitors and alarms in detail.
It will be your job to watch the extracorporeal circuit, dialysate circuit, and equipment for problems
during each treatment (see Figures 11 and 12).
These checks help keep patients safe. Check all
systems every half hour or per your clinic’s policy.
Hemodialysis
Complications
Hemodialysis technology has improved, but
there is always a risk of complications during a
treatment. Complications can be either clinical
(related to patient care) or technical (related to
equipment). We will cover both types.
Clinical Complications
Clinical complications that may occur during a treatment are described in Tables 6 and 7. Follow your
clinic’s policies and procedures on how to react to or
how to prevent a complication. Tell the nurse right
away if a problem occurs. Your role is to report any
sign or symptom that would suggest that the patient
is having a problem. The nurse's role is to provide
direction when patient complications happen.
M o d u l e
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Table 6: Clinical complications of HD, signs and symptoms – what to do30-31
Dialysis technician scope of practice regulations vary from state to state. Depending on the regulations in your state you may or may not be
allowed to perform some of the ‘What to do’ interventions listed below.
Complication
Signs/Symptoms
What to do
Air embolism
(air bubbles block a
blood vessel)
Depends on the patient’s body position when
the air is infused. May include:
• Chest pain
• Coughing
• Blue lips, fingers, toes (cyanosis)
• Trouble seeing
• Confusion
• Coma
• Death
• Immediately clamp all lines
• Call for help
•P
lace patient in Trendelenburg position on left
side to trap air in the right ventricle of the heart
Symptoms usually occur in the first 5–10
minutes and get worse over time
• Trouble breathing (throat may close up)
• Hypotension
• Hives and itching
• Feeling anxious, restlessness
• Swelling around the eyes
• Numbness and tingling around the mouth
• Low back pain
• Tachycardia
• Cardiac arrest
•B
urning and pain at venous needle site if
disinfectant is infused – usually happens
quickly
• Call for help
• Stop the suspected therapy to prevent further
adverse reaction
• Clamp all lines
• Stop dialysis and do NOT return the blood
• Monitor vital signs
•P
ain or tightness in chest, arm, or jaw
•P
atient may be cold, sweating, and/or have
trouble breathing
•P
atient may be hypotensive
• Slow BFR to 150 mL/min to decrease stress on
patient’s heart
• Decrease UFR to prevent further fluid loss and
stress on heart
• Monitor vital signs
• Give saline bolus if patient is hypotensive
• Call for help
Anaphylaxis
(severe allergic reaction)
Angina
(chest pain due
to low oxygen levels
in the heart)
The nurse will:
• Give oxygen
•C
all 911 and the patient’s doctor
•A
ttach normal saline line to arterial access to
provide route for IV medications
• Give saline bolus if hypotensive
The nurse will:
• Call 911 and the patient's doctor
• Give medications per physician order
• Give oxygen if patient is short of breath
The nurse will:
• Assess the patient and call patient’s physician
• Give medications per physician order
• Give oxygen if patient is short of breath
Arrhythmias
(irregular heartbeats)
•S
kipped or extra heartbeats
•S
low or fast pulse
•P
atient has palpitations (strong heart beats)
•A
nxiety
• Check vital signs
• Manually check the patient’s pulse
• Decrease UFR if patient is hypotensive
• Call for help
The nurse will:
• Assess the patient
• Check dialysate potassium concentration
• Give oxygen as needed
• Call the patient’s doctor and give medications
as ordered
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Table 6: Clinical complications of HD, signs and symptoms – what to do30-31 (continued)
Complication
Signs/Symptoms
What to do
Cardiac arrest
(the heart stops beating)
• No pulse
• No breathing
• Loss of consciousness
•C
all for help
•S
top dialysis and return patient’s blood
•F
lush catheter limbs or vascular access needles
with normal saline to maintain IV line for fluids and
medications
The nurse will:
•A
ssess patient to determine unresponsiveness
• If patient has DNR order follow your clinic’s policy
• If patient has no DNR order or DNR status is
unknown, start CPR and use of AED
(automated external defibrillator)
•G
ive directions to call 911 and the
patient's doctor
•D
o CPR until patient responds or team is relieved
by paramedics
Cramps
• Painful muscle cramps, often in the hands
and feet or abdomen
•G
ive a saline bolus per your clinic’s policy
•H
elp patient stretch affected muscles, bend fingers or foot backwards, massage affected areas
•D
ecrease UFR
•V
erify patient’s BP supports standing up before
letting patient do so
•T
ell the nurse
Dialysis disequilibrium
syndrome
(brain swelling most
often in patients with
high BUN levels)
Symptoms often occur during or towards the
end of the treatment including:
•H
eadache
•N
ausea
•H
ypertension
•R
estlessness
• Irregular pulse
•C
onfusion
•B
lurred vision
•S
eizures
•N
otify the nurse
Fever and/or chills
pyrogenic reactions
• Infection: fever/chills at start of dialysis
• Local infection: redness, swelling, tenderness, warmth, or drainage from access or
other sites (e.g., feet, skin wounds)
• Pyrogenic reaction: afebrile at start and
fever/chills within 45–75 minutes after start
of dialysis
• Dialysate temperature: feeling hot (dialysate temperature higher than patient’s core
body temperature) or
• Feeling cold without a fever (cold dialysate)
Suspected infection:
•E
valuate patient for infections (cold or flu, cough,
local infections, check vascular access, bladder
infection)
•N
otify the nurse of patient’s high temperature
(Pyrogen: a substance
that causes a rise in
body temperature such
as bacterial toxins)
Note: With a pyrogenic
reaction, more than one
patient may be affected
at the same time!
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The nurse will:
•A
ssess the patient
•D
ecrease the efficiency of the dialysis treatment
as appropriate (decrease BFR, DFR and/or UFR)
•N
otify the patient’s physician
•A
dminister medication as ordered
•T
erminate the treatment if symptoms are severe
Suspected pyrogenic reaction:
•T
ell the nurse
•S
top dialysis – may or may not return patient’s
blood per your clinic’s policy
•C
heck vital signs
The nurse will:
•T
ell the patient’s physician
•D
raw labs per policy and MD orders
• Give medications as ordered
M o d u l e
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Table 6: Clinical complications of HD, signs and symptoms – what to do30-31 (continued)
Complication
Signs/Symptoms
What to do
First-use syndrome
(Sensitivity to dialyzer
membrane material or
reaction to ethylene
oxide, a gas used to
sterilize some new
dialyzers)
Symptoms of severe reaction usually occur
in the first 5-10 minutes of treatment (20-40
minutes for mild reaction) and may include:
• Itching
• Chest and/or back pain
• Shortness of breath
• Hypotension
• Nausea
• General discomfort
•N
otify the nurse
Heparin overdose
• Unusual bleeding around needles
• Longer than normal bleeding from needle
sites after treatment
• High BP readings
•N
otify the nurse
Hypertension
(high blood pressure)
• High BP reading
• May have no symptoms
• Headache
• Nervousness
•T
ell the nurse
Hypotension
(low blood pressure)
• Low BP reading
• Dizziness
• Tachycardia (rapid pulse)
• Shortness of breath
• Cold clammy skin
• Restlessness
• Excessive yawning
• Sweating
• Place patient in modified Trendelenburg position
with legs higher than head
• Decrease UFR
• Give saline bolus
• Keep checking BP until restored
• Tell the nurse
• Severe itching on and off dialysis
• Red skin
• Crusting on the skin
• Tell the nurse
• Change in level of consciousness
• Jerking movements of the arms and legs
• Tell the nurse
• Protect patient from harming himself
• Check vital signs
• Give saline bolus if hypotensive
Pruritus (itching)
Seizures
The nurse will:
•A
ssess the patient
•G
ive oxygen for shortness of breath
•G
ive medications to relieve symptoms of
allergic reactions and pain meds per physician
order
The nurse will:
•A
ssess the patient
•C
all the patient’s physician
•P
atient may need treatment with protamine
sulfate, an antidote to heparin which is often
given at the hospital
The nurse will:
•A
ssess the patient to look for reason for
hypertension and follow up as needed
The nurse will:
• Assess patient for need for oxygen
• Assess patient’s UF goal
The nurse will:
• Assess the patient
• Give medications per physician order
(such as Benadryl&reg;)
• Recommend follow up
(e.g. skin care, dietitian consult, etc.)
The nurse will:
• Call patient’s doctor for further orders
• Stop dialysis if patient is unresponsive
• Call 911 for transport to hospital
203
Hemodialysis Procedures and Complications
Table 7: Clinical complications of HD, causes – how to prevent them30-31
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Complication
Causes
How to Prevent It
Air embolism
(air bubbles block
a blood vessel)
• Air detector is broken or not armed
• A leak or loose connection in the extracorporeal circuit before the blood pump
• Empty IV bags attached to the extracorporeal circuit before the blood pump
• Arm the air detector
• Tighten all connections in the
extracorporeal circuit
• Check the normal saline level in the IV bag
• Return the patient’s blood with saline with
the air detector on
Anaphylaxis
(severe allergic reaction)
• Ethylene oxide (a new dialyzer germicide)
allergy
• Reaction to germicide left in the dialyzer
and bloodlines
• Medication allergy
• Rinse dialyzers and bloodlines well during
equipment preparation
• Avoid drugs the patient has a known
allergy to
Angina (chest pain due to low
oxygen levels in the heart)
• Coronary artery disease (blocked heart
arteries)
• Anemia (shortage of red blood cells)
• Hypotension
• Anxiety
• Monitor blood pressure closely to avoid
hypotension
• Calculate the UF goal correctly
Arrhythmias
(irregular heartbeats)
• Changes in blood pH or electrolyte levels,
especially potassium
• Hypotension
• Heart disease
• Use the right dialysate concentrate
• Manually check the patient’s pulse during
treatment
• Monitor blood pressure
• Monitor UFR to prevent hypotension
Cardiac arrest
(the heart stops)
• Extreme hypotension
• Electrolyte imbalance, especially high
potassium
• Arrhythmias
• Heart attack
• Air embolism
• Severe blood loss
• Check vital signs during treatment
• Tell the nurse right away about major vital
sign changes and/or if the patient
complains of chest pain or sweating
• Verify UF goal is not too high
• Check vascular access and bloodline
connections
Cramps
• Removing too much fluid
• Removing fluid too quickly
• Changes in blood chemistry, especially
sodium, calcium, or potassium
• Hypotension
• Get an accurate weight before a treatment
• Correctly calculate the UF goal
• Use the prescribed dialysate concentrate
• Encourage patients to follow their salt and
fluid limits
Dialysis disequilibrium
syndrome (brain swelling)
• If BUN is removed much faster from the
blood than the brain, fluid moves into the
brain cells causing swelling
• This is seen more often in patients who
have acute kidney disease or a BUN level
greater than150 mg/dL
• May be seen in patients who skip treatments
• Monitor the patient during treatment
• Tell the nurse right away about major vital
sign changes or patient complaints
• In patients with high BUN (greater than 150
mg/mL), a smaller dialyzer and/or slower
blood and dialysate flows are preferred.
Short, slow dialysis treatments may be
prescribed daily for a few treatments.
M o d u l e
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Table 7: Clinical complications of HD, causes – how to prevent them30-31 (continued)
Fever and/or chills
pyrogenic reactions
(Pyrogen: a substance that
causes a rise in body
temperature such as
bacterial toxins)
• Infection
•C
ontaminated reprocessed dialyzer or
water/dialysate (endotoxin exposure)
•T
oo-hot dialysate
•T
oo-cold dialysate
• Evaluate patient for infections (cold/flu/
local infections)
• Check vital signs
• Tell the nurse right away about major vital
sign changes
• Use aseptic technique to set up equipment
• Use aseptic technique to insert needles.
• Check dialysate temperature before
treatment
• Use the right process to disinfect the dialysis machine and the water components
• Check reprocessed dialyzers for proper
amount/concentration of disinfectant and
disinfectant dwell time
First-use syndrome
(Sensitivity to dialyzer
membrane material)
•R
eaction to ethylene oxide (gas used to
sterilize some new dialyzers)
•A
llergy to the dialyzer membrane
material. May be more severe in patients
taking ACE inhibitors (a class of blood
pressure pills).
• Rinse the dialyzer well before treatment,
per your clinic's procedure
• Use the right dialyzer
Heparin overdose
•E
rror in heparin dosing
•B
roken heparin pump
• Draw up heparin doses correctly
• Use the prescribed type of heparin
• Monitor the heparin pump during
treatment
Hypertension
(high blood pressure)
•F
luid overload
•P
atient not taking prescribed
blood pressure pills
•A
nxiety
•D
ialysis disequilibrium syndrome
• Calculate the UF goal correctly
• Ask patients if they’ve taken their BP pills
• Encourage patients to follow their fluid
limits
Hypotension
(low blood pressure)
•C
hange in posture
•R
emoving too much fluid
•T
aking BP pills before dialysis
•H
eart disease
• Check patient’s BP prior to standing up
• Get an accurate weight before a treatment
• Calculate the fluid goal correctly
• Ask patients if they’ve taken their BP pills
Pruritus (itching)
•U
remia (high BUN)
•D
ry skin
•H
igh blood phosphorus levels
•C
alcium-phosphate crystal deposition
under the skin
•S
econdary hyperparathyroidism
• Keep skin clean and dry
• Give dialysis treatment as prescribed
• Ask patients if they are taking their
phosphate binders
• Refer to nurse to suggest skin lotions, etc.
Seizures
•S
evere hypotension
•E
lectrolyte imbalance
•D
ialysis disequilibrium syndrome
•S
eizure disorder (epilepsy)
• Monitor BP
• Check that patients with epilepsy
are taking their medications
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Technical Complications
Table 8 describes technical complications that may occur during hemodialysis. Follow your clinic’s
policies and procedures to prevent or react to a complication. Tell the nurse right away if any of these
problems occur.
Table 8: Technical complications of hemodialysis30, 32-33
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What You See
Possible Causes
What to Do – ALWAYS alert the nurse, and:
Air or foam in the
bloodlines or collapse
of the arterial bloodline
•
•
•
•
Empty saline bag
Underfilled drip chambers
Disconnect in the extracorporeal circuit
N
eedle removed with the blood
pump on
• Clamp the line before air reaches the patient
• Stop the blood pump
• Put the patient in Trendelenburg
position on his or her left side
• If ordered, give saline and oxygen
• Call 911
Blood pooled on the floor
or on the patient’s clothes
•
•
•
•
•
Exsanguination
Separated bloodlines
Ruptured access
Dislodged needle
Crack or leak in dialyzer
• S
top the blood pump and clamp both sides
of a separated line
• Apply pressure to a bleeding site or a tourniquet if pressure will not stop the bleeding
• Do not return the patient’s blood if the lines
have separated
• Tighten all extracorporeal connections.
• If ordered, give saline and oxygen and call 911
Bright (cherry)
red blood in lines
• Hemolysis (red blood cells bursting)
• P
re-pump negative pressure too high
(&gt;-250 mmHg)
• K
inked bloodline or too much blood
pump occlusion
• D
ialysate water contains zinc, copper,
nitrates, or chloramines
• Too-warm dialysate
• Germicide left in reused dialyzer
• Stop the treatment
• Do not return the patient’s blood—it may
contain lethal levels of potassium from the
burst blood cells
• Do not use that machine for another patient.
Remove it from the treatment floor and
label it.
• Check all other patients’ vital signs
• Keep, and bag, all supplies from the
affected patient’s treatment. Label
“Do Not Destroy.”
• Enlist experts to help find the cause
Dark blood in the lines;
clots seen in extra
corporeal circuit
during rinseback
•
•
•
•
•
•
• Give heparin as prescribed
• Check the patient’s access and report any
unusual findings (reduced bruit or thrill,
cool skin)
Machine shuts down
and alarms
• Machine is unplugged
• Machine failure
• Power outage
Clotting
Not enough blood thinner
Decreased blood flow rate
Low arterial drip chamber level
F
requent alarms stopped the blood pump
A
ir in the circuit (could be microbubbles in
the dialyzer)
• K
now how to free the venous line from the
air bubble detector and hand crank to return
the patient’s blood
• If the whole clinic is affected, follow your
clinic’s policy and procedures
M o d u l e
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Post-dialysis
Procedures
At the end of a treatment, you will have another
set of steps to do. These include:
nding the dialysis treatment
E
Taking the patient’s vital signs and weight
Cleaning up the equipment
Documenting the treatment
Ending the Dialysis
Treatment
At the end of the treatment, you will learn to:
raw any post-dialysis blood samples the
D
doctor ordered.
Check the patient’s blood pressure and pulse.
Reduce the blood flow rate and UFR and
rinse the patient’s blood back by infusing
normal saline until the fluid in the venous
bloodline is pink.
Check blood pressure and pulse again before
you remove the dialysis needles to see if the
patient needs extra saline to stabilize vital
signs. Take a standing blood pressure to
check for orthostatic hypotension (a drop in
arm blood pressure of 15 mmHg or more
when the patient stands).
Look at the dialyzer after the blood is
returned to assess the number of clotted
fibers (see Figure 13).
Report dialyzers that do not clear well
to the nurse.
Learn and follow your clinic’s policy
on ending a dialysis treatment.
Good rinseback –
a few streaks of blood
Fair rinseback –
several streaks, possibly
in different places
Poor rinseback –
many streaks
Figure 13: Good, fair, and poor rinsebacks
Taking the Patient’s
Vital Signs and Weight
After dialysis, the patient’s BP should be the same
as it was at the start of treatment—or lower. If the
patient has low blood pressure, give some normal
saline per your clinic’s policy. If the patient has a
fever, tell the nurse. Check the patient’s vascular
access (See Module 5: Vascular Access) and general
condition, and see if the patient has reached his/her
EDW. Tell the nurse about any changes or abnormal findings before the patient leaves the clinic.
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Cleaning Up
the Equipment
If your clinic reuses dialyzers, you will prepare
them for reprocessing after a treatment. This may
mean that you:
irculate left-over saline from the bag and
C
any heparin that is left through the extracorporeal circuit to flush out some of the blood
in the dialyzer. NOTE: Fill the dialyzer all
the way up with saline. Air will cause any
blood that is left to clot.
Take the dialyzer and bloodlines off of the
HD machine.
Throw away the bloodlines and disposable
equipment.
Cap all ports of the dialyzer.
Per your clinic’s policy, bag the dialyzer to
prevent cross-contamination. Place it in the
refrigerator to reduce bacterial growth.
Chemical disinfection is a 3-cycle (water fill, circulation, rinse) process. The machine runs with
disinfectant instead of dialysate. The disinfectant
mixes with treated water and follows the dialysate
path. Then a rinse cycle washes it out.
If your clinic does not reuse the dialyzer, throw
it out. Remove and disinfect clamps and other
nondisposable items, per your clinic’s policy,
before they are used for other patients.
Before you start the next treatment after a disinfection, you must test the rinse water to prove
that no disinfectant is left in the machine. Machines must be on a scheduled disinfection cycle.
This includes back-up machines that are not
being used for treatments, isolation machines, etc.
All machines have a rule for how long they can sit
between disinfection cycles. Most machines must
be disinfected at least every 48 hours, even if they
are not used for treatments.
To kill germs, you must disinfect equipment that
will be used for another patient. Otherwise, germs
could transfer to the next patient who uses it:
Documenting
the Treatment
lean the dialysis chair and outside of the
C
machine well with a disinfectant after each
treatment.
Pay special attention to knobs and other
surfaces that may have been touched and
contaminated during the treatment.
Disinfect the internal pathways of the machine regularly with heat or chemicals. This
must be done, at minimum, at the end of
each treatment day. Check your clinic procedures to find out when this should be done
each treatment day. The dialysate must be
rinsed out of the machine before disinfecting with heat or chemicals. Vinegar or citric
acid are most often used for this rinse.
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Heat disinfection is a 3-cycle process built into
some machines. During a “warm-up” cycle, water
is heated to 85&deg;C–95&deg;C. Then, hot water passes
through the hydraulic circuit for 20–60 minutes
in a “recirculation” cycle. This disinfects the
machine. At the end of the cycle, the hot water is
drained. Cool water flows in. The temperatureregulating mechanism goes back to normal in the
“normalization” cycle.
Remember, if you don’t chart it, it wasn’t done.
Follow your clinic’s policy for documenting all
aspects of each patient’s treatment.
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Measuring
Dialysis Adequacy
How do we know if a patient is getting enough
dialysis? Adequate treatment means a patient
is at least getting the minimum level that CMS
requires. A lot of research now finds that more
dialysis is better for patients. (See Module 2: The
Person with Kidney Failure to learn more about
other treatment options that offer more dialysis.)
We use two main lab tests to estimate the
adequacy of a treatment:
rea reduction ratio (URR)
U
Urea kinetic modeling (UKM)34
Urea Reduction Ratio
The URR estimates how much urea a treatment
removes from a patient’s blood. Urea, or blood
urea nitrogen (BUN), is a small molecule waste
that forms when the body breaks down protein.
If the BUN level does not change much from
before a treatment to afterward on standard incenter HD, it may mean that a patient not had
enough dialysis.
We can calculate how much urea is removed using
blood test results and an equation. We look at
the level of BUN before a treatment vs. the level
after. So, both predialysis and post-dialysis BUN
samples are needed. (See Appendix 2 on page
214 for the URR equation).
6
The URR is the simplest way to estimate the dose
of dialysis that is given. But, it does not give
you all of the information you need to adjust a
patient’s treatment to the doctor’s prescription:
RR doesn’t tell you how much extra time
U
a patient with a low URR might need to get
an adequate treatment.
URR does not tell you how much urea a
patient’s body makes during a treatment.
URR does not tell you how much urea is
removed by UF during dialysis. URR is less
accurate than UKM (below) to estimate the
dialysis dose in patients who need a lot of
UF.34
Urea Kinetic Modeling
UKM is a more complex way to estimate the
delivered dose of dialysis. It is more accurate
than URR and tells you more about a patient’s
treatment needs. UKM can help a doctor predict
how much treatment time a patient should have
and find out if the patient eats enough protein.
UKM also figures in a patient’s size and residual
kidney function.
The formula (see Appendix 2) used to find the
dialysis dose is called Kt/V, where:
K = dialyzer urea clearance in mL/min plus
any kidney clearance the patient has if he or she
still makes some urine
t = time on dialysis in minutes
V = volume of fluid in the patient’s body, in mL
Values for K are based on dialyzer type, and blood
and dialysate flow rates. Accurate values for V are
also hard to find, which is a weakness of Kt/V. A
computer program is used to estimate V; we don’t
measure it.
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Like URR, a pre- and post-dialysis BUN blood
sample are needed for UKM. Pre- and postdialysis weights are also needed. Kt/V can help
you find the delivered dose of dialysis or can help
a doctor write a dialysis prescription.
The main advantage of UKM over URR is that
it can be used both to measure and to prescribe.
UKM gives the staff options to measure dialysis and find out if there are problems giving an
adequate treatment.
Predialysis and Post-dialysis
BUN Measurements
Predialysis and post-dialysis BUN samples are
drawn each month for URR or Kt/V. Draw the
predialysis and post-dialysis BUN samples during
the same treatment.34
Predialysis
Draw the sample just before a treatment
D
on’t dilute the sample with saline or heparin
For patients who have a fistula or graft:
• Take the sample from the arterial needle
before you connect the arterial blood
tubing
• Or, flush the needle and take the sample
For patients with central venous catheters:
• Withdraw any heparin and saline from
the arterial port, following your clinic’s
protocol
• After you remove the heparin and saline
from inside the catheter lines, connect a
new syringe to the arterial lumen to draw
the sample
Post-dialysis
Draw the post-dialysis BUN at the end of the
ordered treatment time, using your clinic’s policy.
The KDOQI guidelines say to follow
the steps in Table 9.34
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Minimum Delivered
and Prescribed Dose
of Dialysis
The KDOQI guidelines say to use UKM or
URR. UKM is a better measure, since it includes
aspects of the treatment (dialyzer, flow rates, time,
etc.) and patient factors such as body size and
residual renal function.
KDOQI guidelines set standards for the minimum
delivered and prescribed doses of dialysis. This is
a floor, not a ceiling. More dialysis is better.
The minimum delivered dose should be a Kt/V
of at least 1.2. This would translate to a URR of
about 65%, though the amount of UF a patient
needs must be taken into account.34 Patients do
not always get this delivered dose, due to reduced
urea clearance, time constraints, or other factors.
So, the minimum prescribed dose is a Kt/V of 1.4
(this translates to a URR of about 70%).34
Factors that Affect
the Dialysis
Treatment
You need to know what affects the delivered dose
or adequacy of treatment. The clearance of wastes
through a dialyzer depends on:
good blood flow rate
A
The right dialysate flow rate
Proper blood thinning with heparin
so the dialyzer does not clot
How well you do your job can affect all
of these factors.
M o d u l e
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Table 9: Slow-blood-flow method for obtaining the postdialysis sample
A. Drawing the sample from the bloodline sampling port
1. At the completion of HD, turn off the dialysate flow and decrease the URF to 50 mL/hr, to the lowest TMP/
UFR setting, or off. If the dialysis machine does not allow for turning off the dialysate flow, or if doing so
violates clinic policy, decrease the dialysate flow to its minimum setting.
2. Decrease the blood flow to 100 mL/min for 15 seconds (longer if the bloodline volume to the sampling port
exceeds 15 mL). To prevent pump shut-off as the blood flow rate is reduced, you may need to manually
adust the venous pressure limits downward. At this point, obtain your sample. You can either shut off the
blood pump before sampling, or leave it running at 100 mL/min while the sample is being drawn.
3. After you obtain the sample, stop the blood pump (if not already stopped) and disconnect the patient as per
your clinic protocol.
B. Method that avoids use of an exposed needle: Drawing the sample from the arterial needle tubing
using a syringe or vacutainer device.
1. Proceed with steps (1) and (2) as per A above.
2. After the 15 seconds slow-flow period (this is still needed to clear the small volume in the arterial needle
tubing of recirculated blood), stop the blood pump. Clamp the arterial and venous bloodlines. Clamp the
arterial needle tubing. Disconnect the bloodline tubing from the inlet bloodline, and attach a syringe or a
Vacutainer with a Luer-Lok type connection to the arterial needle tubing (or arterial port of the venous
catheter). Release the clamp on the arterial needle tubing and obtain the blood sample.
3. Proceed with step (3) as in section A above.
Clearance Factors
Time Factors
Dialyzers vary in size, porosity, and surface area.
All of these affect how much dialysis a patient
receives. Other treatment factors can also reduce
clearance (K) and the treatment. These include:
Factors that affect the patient’s time (t) per treatment will also affect adequacy. These may include:
oor blood flow from the patient’s access
P
Poor dialyzer function due to not enough
heparin
Clotting of the dialyzer’s fibers
Wrong estimates of dialyzer performance
Wrong blood flow rate settings
Blood pump calibration errors
Reduced blood pump speed, such as when
the patient has low blood pressure or muscle
cramps
Wrong dialysate flow rate settings that do
not match the doctor’s orders
Access recirculation (cleaned blood coming
back through the venous needle is pulled
back into the arterial needle instead of going
to the bloodstream)
S topping a treatment early
Frequent alarms that stop the blood pump
(extracorporeal arterial or venous pressure)
Frequent alarms that send dialysate to the
drain on bypass
Losing just 5 minutes from each treatment over a
year adds up to 13 hours—more than three standard
HD treatments. Even a good standard treatment
equals less than 15% of normal kidney function.
Each minute is needed. The longer a patient is on
dialysis the better. Longer treatment times can have
lower UFR, which may lower the risk of symptoms
caused by high UFR (see Table 7). Removal of
uremic toxins is better with longer and/or more
frequent treatments. When you can, add time at the
end of the treatment to make up for a slow blood
flow rate, blood pump shut-off, or bypass. If a lot of
time is lost and the clinic is too busy to add time, a
patient may need to come for an extra treatment.
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Patient Well-Being
Dialysis should control or reduce the complications of kidney failure. Patient well-being is a
way to tell if dialysis is adequate—but it is a late
measure. A patient who receives poor dialysis
may have few symptoms in the short-term. But,
severe problems may occur in the long-term. He
or she is likely to die sooner.
Poor dialysis can cause uremia, which can
decrease the patient’s appetite. A malnourished
patient may lose weight (muscle). He or she may
have no appetite, and have low BUN and serum
albumin levels. Malnutrition is a risk factor for
hospital stays and death.
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It is wise to measure adequacy with more than
one test. Besides looking at the URR or UKM,
look at the patient’s nutritional status and sense
of well-being. These measures serve as a check for
the quality of the treatment. They also help alert
you to problems and help the doctor tailor the
prescription to meet the patient’s needs.
Conclusion
Dialysis is a complex process. You must learn
many patient care and technical skills to provide
safe and effective patient care. You will work
with your preceptor to practice the skills you read
about in this module. Before you work on your
own, you will need to show that you can
complete all of these skills the right way.
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Appendix 1 - TMP calculation
CALCULATING TRANSMEMBRANE PRESSURE (TMP)25
TMP = UFR (Total fluid to be removed in mL &divide; hours on dialysis)
KUF of dialyzer
KUF
=
ultrafiltration coefficient of dialyzer
States amount of fluid ultrafiltered by the dialyzer in mL per hour per mmHg of TMP (e.g., a KUF of 40
means that 40 mL of fluid are ultrafiltered by the dialyzer per hour per mmHg of TMP)
Example of a nephrologist's order:
• Dialyze for 4 hours
• Remove 2 kg
• Dialyzer KUF = 40
Weight to be removed in
mL for the 4-hour session:
2,000 mL
Saline prime:
240 mL
Oral intake:
300 mL
Saline rinseback:
200 mL
UF goal to be removed
in mL for the 4-hour session:
2,740 mL
UFR to be removed per hour:
2,740 mL&divide; 4 hours = 685 mL
TMP
= UFR &divide; Kuf:
685 &divide; 40 = 17mmHg
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Appendix 2 - URR and UKM calculations
UREA REDUCTION RATIO (URR) AND UREA KINETIC MODELING (UKM) FORMULAS34
URR formula: URR (%) = 100 [1-(BUN post/BUN pre)]
UKM formula example: Kt/V = -ln(R - 0.008t)+(4 - 3.5R)UF/W
Where:
ln is the natural logarithm
R is the post-dialysis BUN &divide; pre-dialysis BUN
t is the dialysis session length in hours
UF is the ultrafiltration volume in liters
W is the patient’s post-dialysis weight in kilograms
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Abbreviations List
Acronym
What It Stands For
Meaning
ACT
Activated clotting time
A test for blood clotting
AHA
American Heart Association
A voluntary organization
AIDS
Acquired immune deficiency syndrome
A disease that attacks the immune system itself
BP
Blood pressure
A vital sign
CDC
Centers for Disease Control and Prevention
US public health agency
C
Centigrade
Metric temperature measure
CMS
Centers for Medicare and Medicaid Services
Medicare
CPR
Cardiopulmonary resuscitation
Chest compressions done if the heart stops
EDW
Estimated dry weight
Patient’s weight with no extra water in the blood
EPO
Erythropoietin (hormone)
Tells bone marrow to make red blood cells
F
Farenheit
US temperature measure
GI
Gastrointestinal
Pertaining to the gut
HAI
Healthcare-associated infections
Infections patients get at dialysis or in the hospital
HBV
Hepatitis B
A virus that attacks the liver
HCV
Hepatitis C
A virus that attacks the liver
HD
Hemodialysis
Cleaning the blood with a filter
HIV
Human immunodeficiency virus
The virus that causes AIDS
IV
Intravenous
Into a vein
KUF
Coefficient of ultrafiltration
How much water will pass through a membrane in 1 hour at a given
pressure
ME
Mistaken entry
Chart notation for an error
MRSA
Methicillin-resistant Staphylococcus aureus
An antibiotic resistant bacteria
OSHA
Occupational Safety and Health Administration
US agency that protects workers
P.A.S.S.
Pull the pin. Aim nozzle at base of flames.
Squeeze the handle. Spray from side to side.
Steps to use a fire extinguisher
R.A.C.E.
Rescue. Activate the alarm. Contain the fire (if
small). Evacuate.
Steps to take in a fire
RO
Reverse osmosis
A water purification step
SaO2
Oxygen saturation
Level of oxygen in the blood
TB
Tuberculosis
A bacterial lung disease
UF
Ultrafiltration
Removal of water in dialysis
UFR
Ultrafiltration rate
Rate of water removal
Unit/Kg
Units per kilogram of body weight
Measure of drug dose
VRE
Vancomycin-resistant Enterococcus
An antibiotic resistant bacteria
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Dialyzer Reprocessing
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James W. Bates
John Dahlin, CHT, CWS-1
Charles H. Johnson, CHT
Philip Varughese, BS, CHT
FEATURED PATIENT ARTWORK &raquo;
Dwight Matthews
I am 64 years old. I live in a nursing
home and have been on dialysis for
a long time. If I could give future
dialysis techs advice it would be for
them to treat the dialysis patient like
an average person. On one hand, I
take my health seriously so I want my
tech to take my health seriously. On
the other hand, I also want techs to
be light-hearted and happy-go-lucky.
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Objectives
Dialyzer Reprocessing
After you complete this module, you will be able to:
1. Discuss the history of dialyzer reprocessing.
2. Explain why dialysis clinics reprocess dialyzers.
3. List the steps, in order, for dialyzer reprocessing.
4. Discuss the hazards to patients and staff that can occur
with dialyzer reprocessing.
5. Describe the documentation needed for dialyzer reprocessing.
A list of the abbreviations used can be found at the end of the module.
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Introduction
The dialyzer is a feat of engineering. It is complex
enough to do some of the work of a human kidney, yet reliable enough to be used many times.
Many dialyzers are reprocessed: cleaned and
disinfected to be used again by the same patient
instead of being thrown out after one treatment.
This is called reuse.
Federal and some state laws and rules cover
dialyzer reprocessing. The rules state what clinics
must do to make reuse as safe and effective as it
can be for both patients and staff. A reprocessing
technician has the key job of reducing the risks of
reuse. This is done by carefully following all of
the laws, rules, and clinic procedures.
7
In 1967, Dr. Belding Scribner (who helped
devise the fistula) reported that the blood side of
a Kiil could be filled with germicide (germ killer),
rinsed, and used again. The Kiil did not have
to be taken apart and rebuilt for each use. Dr.
Scribner’s aim was to save his home patients some
of the need to “tear down” and rebuild the Kiil.
At the time, most of his Seattle patients were
doing home HD.1
Latches
This module covers the history of the reasons for
reprocessing, the role of rules and guidelines, and
the steps used to reprocess dialyzers.
Inside the Kiil, two pairs of
membrane sheets (4 sheets
total) were separated by three
grooved plastic boards
History of Dialyzer
Reprocessing
Dialyzer reprocessing has been around since the
late 1960s. At first, it was done by hand. Now,
reprocessing is most often done with a machine.
The evolution of dialyzers helped reuse equipment to evolve as well.
In the mid-1960s, most patients were treated
with Kiil dialyzers (see Figure 1). A Kiil was a
“sandwich” made of layers of membrane sheets
held apart by grooved plastic boards. Rubber
gaskets and metal clamps held the sandwich
together. The Kiil had to be assembled and pressure tested before each use—a slow and complex
process. About 10%–20% of the time the Kiil
would fail the pressure test and the whole process
would have to start over with fresh sheets of
membrane.
Figure 1: Kiil dialyzer
By the late 1960s, new coil dialyzers were
preferred for reuse. Coils were easier to set up
and prime (fill and rinse with normal saline)
than Kiils. But, coils were too costly for many
hospitals to use just once, as manufacturers
suggested. Before reuse, they were filled with a
germicide and kept in a refrigerator with sterile
water in the blood compartment.2
By the late 1970s, parallel plate dialyzers were
reused. The dialyzer could be sealed off with
germicide in the blood and dialysate sides. This
reduced the chances that germs could grow inside.
When hollow fiber dialyzers came on the market
in 1970, they proved to be well-suited for reuse.
They were strong and easy to rinse. High water
pressure could be used to wash fibrin and
blood out of the fibers. Reused hollow fiber
dialyzers performed better than other types.
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Total cell volume (TCV) was easy to measure and
was used to decide when the dialyzers should be
discarded. The hollow fiber dialyzer became the
leading choice for reuse.
Over time, dialyzer reuse evolved. It was studied,
tested, and practiced. Researchers looked at how
dialyzers differed in how well they cleared small
solutes. They tried a number of germicides, dwell
times, concentrations, and temperatures. In time,
they found ways to kill and prevent the growth of
bacteria.
Companies began to build automated systems for
reprocessing. Some systems would process one
dialyzer at a time, for example:
The ECHO™ by Mesa Medical, Inc
The Renatron&reg; by Renal Systems
Other companies made multi-station systems for
in-center use:
e ADR-22 by Texas Medical Devices
Th
(4-station)
The Seratronics DRS-4 (4-station)
The Lixivitron 2 by Harco Medical
Electronic Devices (4-station)
Belro Company (6-station)
Compudial KP-1 by Computer Dialysis
Systems (12-station)
Dialyzer Reuse
Numbers
In 1976, about 18% of US HD patients were
treated with reused dialyzers.3 In the 1980s,
many studies found that reuse with proper quality
control was safe. Machine systems aided growth
of the practice.
In 1983, dialysis payment from Medicare
changed. Clinics were paid a fixed sum (the
composite rate) per treatment. This change may
have been the largest reason for the fast growth
of reuse—which peaked in 1997, with 82% of
clinics using it.3
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In 2002, reuse dropped to 63%.3 In 2001, the
largest US dialysis company stopped reuse of
dialyzers.4 Now, 6 of the 10 largest companies
reuse some of their dialyzers. Reuse data between
2010 and 2011 has been reported by four of the
six largest dialysis companies. In this survey,
reuse decreased by 5% to 25%.5
Why Dialyzers
are Reused
Reasons for dialyzer reuse have changed over
time. During HD treatments with a cellulose
dialyzer, the inner surface of the dialyzer is coated
with proteins. Reprocessing with certain germicides (other than bleach) leaves the proteins in
the dialyzer, which makes it more biocompatible.
But today’s synthetic membranes are already more
biocompatible. Now, reuse is done as a cost-saving measure. It does not help patients, but most
believe it does not harm them.
Safety of Reuse
In 1997, the National Kidney Foundation’s
Council on Dialysis had an expert panel look at
the patient outcomes of reuse since 1988. The
group looked at symptoms, death, chemical
toxins, and clearance. The Council did not take a
stand for or against reuse, but it found no impact
of reuse on patient illness or death.6
Reuse is still controversial:
A 2011 study in 23 clinics found that
patients who got a new dialyzer at each treatment were more likely to live than those who
did not. But the study could not prove that
this was because of the dialyzers.7
A 2011 study in 1,140 clinics found almost
the same death rates in clinics that did reuse
vs. clinics that did not reuse. And, reuse
in those clinics saved 13.8 million dialyzers
—22 million tons of medical waste.8
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Figure 2: Reuse reduces medical waste in landfills
Never reuse a dialyzer from a patient who
tests positive for Hepatitis B surface antigen
(HBV+). Both AAMI and the Conditions for
Coverage state this rule.9-10 We don’t reuse these
dialyzers to keep other patients and the clinic staff
safe. The rules also state that patients must be
told about reuse and how it is done. CMS does
not require written patient consent for reuse, but
patient groups (AAKP and NKF) suggest it.10
Saving Dollars
and Reducing Waste
Reusing a dialyzer can reduce the cost per
treatment, even though it takes some staff time
to do. Using dialyzers just once also has a major
impact on the planet. Each year more than one
million tons of medical waste is made in the US.11
When we reuse dialyzers, we can greatly reduce
the amount of waste from dialysis clinics8
(see Figure 2). Reuse also lowers the costs of
disposing of medical waste.
Rules for Dialyzer
Reprocessing
Dialyzers must be reprocessed using the AAMI
standards. CMS adopted the AAMI Reuse of
Hemodialyzers, third edition, as a Condition for
Coverage and as federal rules.10
The AAMI standards cover:
Equipment
Cleaning and disinfecting
Labeling
Record keeping
Supplies
Environmental safety
Staff qualifications
Training
Quality assurance (see Figure 3)
As we cover the reuse steps, we will tell you what
the rules require you to do.
Types of Dialyzers
Not all dialyzers are approved for all of the germicides we use to reprocess. In 1996, the FDA
said that each dialyzer’s label must say if it is for
“single” or “multiple” use.12 Only dialyzers that
say “multiple use” on the label can be reused.
Companies that sell dialyzers to clinics that reuse
must include a method to reprocess the dialyzer
and a list of the approved cleaning agents and germicides. The dialyzer label must have at least one
way to reuse the dialyzer and scientific proof that
it is safe and effective.12 Read the label before you
start to prepare a dialyzer for reprocessing.
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New dialyzer
Automated
Versus Manual
Supplies
Storage
Check
Re-label
Storage
Reprocessing can be done with a machine (see
Figure 4) or manually (by hand). All of the
tasks a machine does can be done by hand.
But automated reprocessing is more efficient,
consistent, provides better records, and is safer
for patients.13
Preprocessing Initial TCV
First use
End of dialysis
TIME LIMIT
Tap water
Rinse/pre-clean
Water treatment
Fails specs
Performance test(s) (leak test)
Germicide/disinfectant fill
Inspection
Storage
MIN TIME
Inspection
Patient ID check*
Germicide/disinfectant test
Germicide/disinfectant rinse
Germicide/disinfectant test
Start dialysis
REJECT DIALYZER – REMOVE FROM SERVICE
* This step may be done later but must preceed initiation of dialysis
Figure 3: Systems diagram for reprocessing dialyzers
Figure adapted with permission from AAMI
Annex B systems diagram for reprocessing dialyzers ANSI/AAMI RD47:2008
Figure 4: Automated
reprocessing systems
Drawings adapted with permission
from Seratronics and Renal Systems
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If you reprocess by hand, you must test the
tools you are using to be sure they are working.
You will learn how to do this with a graduated
cylinder to test volume and a hand held manometer to test pressure. These tests can show whether
the TCV measurement of a dialyzer is correct and
the membrane is intact. Automated systems can
self-test; follow the manufacturer’s instructions to
use them.
M o d u l e
Preparing a
Dialyzer for
First Use
Dialyzer Labeling
CMS also says that labels need to stay readable
through reprocessing and dialysis.10 The label
should not cover up the model number, lot
number, arrows for blood and/or dialysate flow,
or other key data on the manufacturer's label.
Labels on dialyzers with clear casings should
be small and placed so you can see the
whole blood path.
The CMS Conditions for coverage state the rules
for how a dialyzer must be labeled:10
Total Cell Volume (TCV)
ou must put the patient’s name on a
Y
dialyzer before you use it for the first time.
If patients have the same (or similar) last
names, the label must have a warning or
alert (see Figure 5). The label should also
have extra information to prevent mix-ups,
such as:
• The patient’s first name and middle initial
• A color code
• Medical record number
The label will need space for:
• The number of uses
• Date and time of the last reuse
• An identifier for the reprocessing staff
member
• Results of tests done on the dialyzer
7
TCV is also called fiber bundle volume (FBV),
and is the total amount of fluid the blood compartment of a dialyzer will hold. We use TCV to
learn about the dialyzer’s overall performance and
how well it may remove solutes and water.
Before we use a new dialyzer for the first time,
it must be preprocessed (see below) and tested to
find out the baseline TCV. After each use, check
a dialyzer against its own TCV value. The TCV
must be at or above 80% of baseline to be used
again.10 A 20% drop in TCV equals a 10% loss
of urea clearance.10* If the TCV is less than 80%,
it is time to discard the dialyzer.
* Loss of solute transport in a dialyzer does not relate
100% to fiber clotting. When some fibers clot, the
rest receive a higher blood flow. This leads to a
higher diffusion rate in each unclotted fiber.
So, when the TCV is 80% of the baseline, urea,
sodium, or ionic clearance only drops by about 10%.
Preprocess
Clinics must preprocess all new dialyzers if they
are going to be reused.10 This means all of the
reuse steps must be done before a dialyzer is used
for the first time. If a “dry pack” (a dialyzer right
out of the box) is used for a treatment
without preprocessing, it must be discarded
after the treatment. Some manufacturers make
dialyzers that cannot be preprocessed—so these
cannot be reused and must be discarded after one
treatment.
Figure 5: Example of a reprocessing
label and same name alert
All water used to rinse, preprocess, reprocess
dialyzers, and dilute germicide must meet
AAMI standards.10
Drawing adapted with permission from Seratronics
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After Dialysis
At the end of a treatment, blood in the dialyzer
is rinsed back (returned to the patient). Rinse
as much blood as you can back to the patient to
reduce blood loss. A rinseback that is fair or poor
leaves blood in the dialyzer. Any blood that is left
may clot in the fibers so the dialyzer is hard to
clean and does not perform as well (see Figure 6).
After rinseback:
ecirculate the saline in the extracorporeal
R
circuit (send it through the loop) before
removing the dialyzer, to minimize clotting
Take the dialyzer off of the
extracorporeal circuit
Put caps on each of the ports
Bring the capped dialyzer to the reprocessing
room or bag it to prevent cross-contamination and place it in a tub with other dialyzers
to be moved to the reprocessing room
Dialyzers that won’t be reprocessed within 2 hours
must be refrigerated—but not frozen. Keeping
dialyzers cold slows the growth of germs. Used dialyzers that will be reprocessed off-site must be kept
cold during transport. Temperature ranges and
maximum refrigeration time are set by the clinic.
Good rinseback –
a few streaks of blood
Fair rinseback –
several streaks of blood,
possibly in different places
Poor rinseback –
many streaks of blood
Figure 6: Good, fair, and poor rinsebacks
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Pre-clean
The first step in reprocessing is to pre-clean the
dialyzer. Precleaning removes some blood from the
blood compartment. AAMI-quality water must be
used.9 A clinic may choose to preclean all, some or
none of the dialyzers before reprocessing.
Pre-cleaning may use reverse ultrafiltration (UF).
If so, you do reverse UF by placing a cap on one
of the dialysate ports and sending a controlled
supply of water into the other port. Purge all air
from the dialysate compartment before you cap
it. Any air left in the compartment will be forced
across the dialyzer membrane. Manufacturers
state the maximum pressure that can be used on
their dialyzers. This may be listed as Maximum
Transmembrane Pressure or TMP. Higher pressures may break fibers and cause blood leaks. For
this reason, you need to monitor the pressures
on a manual system. Automated systems test
internal pressure.
Clean and Disinfect
the Header
For some dialyzers, you may need to take off the
header caps to remove clotted blood from the
headers (see Figure 7). If so, use only a free flowing stream of AAMI-quality water to clean the
header, header cap, and O-ring—not a paper clip,
4x4, or rag.10 Once these are clean, dip them in
disinfectant before you put them back on.9 Keep
the headers, caps, and O-rings with the dialyzer
they came from.10 Putting the wrong part on a
dialyzer could expose a patient to someone else’s
blood. For this reason, it is safest to clean one
dialyzer at a time. Learn your clinic's policy for
removing dialyzer header caps.
M o d u l e
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Translucent polyurethane or polycarbonate (plastic) potting material.
If endotoxin leaches into the potting material, it is hard to remove it.
Header
Plastic casing,
or housing
Hollow fibers
Dialyzer
reprocessing
label
Blood may clot inside the hollow fibers, making the
dialyzer hard to rinse and clean completely.
Blood clotting may occur at the ends of the hollow
fibers between the potting material and header.
Figure 7: Parts of a hollow fiber dialyzer
Test Performance
Disinfect
After you rinse and clean the dialyzer, you will
need to test it:
The next step is to disinfect the dialyzer. The
automated system fills dialyzers with a germicide.
CMS says in the Conditions for Coverage that
dialyzers must be exposed to only one germicide
during reprocessing.10 If your clinic switches to
a new germicide, all dialyzers must be discarded
before the new one is used.10
S ince dialyzer performance is linked to TCV,
federal and state rules require TCV to be
checked after each reuse.
You will need to do a leak test. This measures how well the dialyzer can withstand a
pressure load and protects the patient from a
blood leak.
Inspect the dialyzer for cracks, chips, or
defects in the plastic housing.
Rejecting a Dialyzer
Discard dialyzers that:10
ave reached their maximum number of
H
uses (per your clinic’s policy)
Fail performance tests
Have cracks or leaks in the plastic housing
Have been exposed to more than one
germicide
Have large clots or other deposits in
the headers
Have more than a “few” discolored fibers the dialyzer needs to look good to patients
and staff
Have labels that can’t be read
The four main types of germicides used in the US
are:
eracetic acid (most common)3
P
Formaldehyde
Glutaraldehyde
Heat disinfection with citric acid
Each germicide has pros and cons (see Table 1).13
If you mix germicide, you must test it before use
to be sure it is the right concentration. When a
machine mixes germicide on-line, it needs to be
checked at least once a month.9 Some germicides
come premixed. Even though these are verified
and documented by the manufacturer, it is good
practice to check them before you use them.
The germicide must stay in the dialyzer for a
certain amount of time to kill germs. The contact
time (how long the germicide must stay in the
dialyzer to work) differs for each germicide (see
Table 1).13
KDOQI guidelines say to throw out dialyzers
with less than 80% of the baseline TCV. 14
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Table 1: Germicide pros, cons, and contact time
Germicide
Pros
Cons
Contact Time
Peracetic acid
When diluted, breaks down
to biodegradable acetic acid,
oxygen, and water
Higher cost
11 hours
Formaldehyde
Low cost
Tech must use a respirator
24 hours
Clinic must have a quick
drench shower
May cause cancer
Disposal costs are higher
Glutaraldehyde
Low cost
Linked with breathing and skin
problems
10 hours
Disposal costs are higher
Heat disinfection
with citric acid
Safe for staff and the
environment
Handling Hazardous
Materials
Used dialyzers are hazardous materials. They contain blood. Handle them with Standard Precautions, until the inside and outside are disinfected.
Wear protective gear to touch used dialyzers until
reprocessing is done.10
Germicides kill germs. They can also harm you
and your patients. The use of some germicides
requires special protective gear and routine monitoring of vapors in and around the reprocessing
area. To date there are no published safety studies
on working with peracetic acid, but the two
components, hydrogen peroxide and acetic acid,
do have exposure limits, and air quality must be
checked to ensure patient and staff safety.
Glutaraldehyde can:15
I rritate or burn eyes and skin
Cause itching or rash
Irritate the nose or throat, causing coughing,
wheezing, or sudden asthma attacks
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Not all dialyzers can be heat
disinfected
20 hours
ead to headaches, feeling drowsy or dizzy,
L
or nosebleeds
Formaldehyde can:16
Irritate the eyes, nose or throat
Cause coughing or wheezing
Trigger severe allergic reactions of the skin,
eyes, and breathing tract
Be a potential cancer hazard
OSHA standards require clinics to tell staff about
all hazardous chemicals in the workplace. Clinics
must keep results of medical exams of exposed
reuse staff in a file.10 OSHA has also set exposure
limits for germicides used in reprocessing (see
Table 2).
The clinic must provide a list of all chemicals
and keep it up to date.
ne copy of the material safety data sheet
O
(MSDS) for each substance must be kept in
a file that staff can access.
M o d u l e
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Table 2: OSHA environmental exposure limits9
Substance
Permissible Exposure Limit (PEL)
Acetic Acid
10 ppm TWA*
Chlorine Dioxide (syn.: chlorine oxide)
0.1 ppm TWA
Citric Acid
None set
Formaldehyde
0.75 ppm TWA
2 ppm STEL** (15 min)
0.5 ppm action level
Glutaraldehyde
0.2 ppm ceiling NIOSH/OSHA
Hydrogen Peroxide
1 ppm TWA
Peracetic Acid
None set
Phenol
5 ppm TWA
ppm = parts per million
NIOSH = National Institute for Occupational Safety and Health
OSHA = Occupational Safety and Health Administration
PEL - can be TWAs or STELs (below)
* TWA (time-weighted average) – how much an employee can be exposed to in an 8-hour shift
** STEL (short-term exposure limit) – how much an employee can be exposed to in any 15-minute time period
ne copy must be posted near where a
O
chemical is used, so you can find it quickly
in an emergency.
All containers must be clearly labeled, to
avoid mix-ups.
Your clinic must train you in its procedures for
handling hazardous materials.10 They must have
spill kits for the chemicals you will use and train
you in their use. The clinic must encourage you to
read its written policies. You should know where
to find policies, emergency procedures, and training materials. A clinic with more than 10 staff
must also keep records of occupational illnesses and
injuries. It is the employer’s job to ensure compliance with safety practices and policies.
Procedures alone can’t keep you safe from toxic
substances. Each staff member must learn the
steps and follow them. Taking shortcuts with
hazardous materials does not save time if it
causes an accident. Protect yourself and others
by learning how to handle hazardous
materials safely.
Storing Reprocessed
Dialyzers
Before storage, wipe off the outside of a dialyzer or
soak it with a disinfectant. Inspect the label, and
look to see if it is clean and the ports are capped
tightly. Never store reprocessed dialyzers with
new ones or dirty dialyzers with clean ones.10
Storage should be done to reduce deterioration,
contamination, and breakage. Reprocessed
dialyzers can be stored on wall racks or carts until
they are needed. The longest storage time for a
reused dialyzer (without being reprocessed) is set
by the clinic and the germicide maker. The storage
system should be easy to clean. Always follow your
clinic’s policies and procedures for storing dialyzers.
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Is aesthetic appearance acceptable to patient?
Verify correct
patient name
All caps should be
tight with no leakage
Hollow fibers should be relatively
free of clotted blood
Dialyzer
reprocessing label
Complete and
legible label
Figure 8: Reprocessed dialyzer
Preparing for the
Next Use
Inspect the Dialyzer
The first step in getting a dialyzer ready for its next
use is looking at it (see Figure 8) to be sure that:
I t is labeled properly
No structural damage or tampering
has occurred
Ports are capped, and there is no leakage
from the ports or other parts of the dialyzer
It was stored long enough for the germicide
to work, but not so long as to exceed the
shelf life
The cosmetic appearance is good—
it looks clean
After you look at the dialyzer, use a test strip
or ampule to confirm that germicide is present
and strong enough to work. Just looking at the
dialyzer can’t tell you how strong the germicide is.
You must test the fluid to confirm the presence
and strength of germicide.10 How you test will
depend on which germicide your clinic uses.
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There should be no visible
damage to the dialyzer
There should not be
clots in the header
Removal of Germicide
The next step is to thoroughly rinse the germicide
out of the dialyzer before it is used, using your
clinic’s procedure. Germicide can “hide” in the
dialyzer. The steps in Table 3 can help you ensure
that it is all out so the patient is safe.
Then, test the dialyzer to be sure the germicide is
at or below the manufacturer’s and clinic’s levels.10
Keep fluids flowing in the extracorporeal circuit
after you test. If you don’t, you will need to retest
before you start the treatment to be sure that
rebound of the germicide did not occur.
If you don’t rinse the dialyzer well enough, the
patient could get the toxic germicide.
Check Dialyzer Prior
to Treatment
Just before the start of a treatment, two people
should check the dialyzer label to make sure it
matches the patient. It’s best if the patient can be
one of these two people. Record this step on the
reprocessing record or dialysis flowsheet, and sign it
to show who did the check. Staff members should
ensure that the dialyzer has been prepared for use.
The dialyzer must be labeled correctly,
structurally sound (no cracks or leaks, all caps in
place, etc.), free of germicide, and clean.
M o d u l e
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Table 3: How to rinse a dialyzer 10
Problem
Solution
Air bubbles in fibers can trap germicide inside.
Fully prime the arterial line before you connect it to
the dialyzer. Flush the blood side before you start
dialysate flow if you use a peracetic acid germicide.
Air in the dialysate side can trap germicide.
Rotate the dialyzer while you rinse it to release
trapped air.
Germicide may back up into the heparin
or monitor lines.
Clamp the heparin line so fluid can’t be forced into it.
Germicide may back up into the saline bag.
Follow your clinic’s procedures and don’t force fluid
from the dialysis circuit into the saline bag.
Sampling too quickly after rinsing may lead to a false
negative germicide test.
Follow your clinic’s procedure for how long to flush the
dialyzer before testing.
The saline prime could contain some germicide.
Discard the saline prime when you start blood flow
to the dialyzer.
Potential Hazards
Dialyzer reuse is safe if it is done correctly. If it is
done wrong, it can harm patients. A record needs
to be kept of all complaints and reactions to
reused dialyzers in a Complaint Investigation File.
The results of any investigations and corrective
action, if taken, should be reviewed for trends.
Bacteria and Endotoxin
A major risk of reuse comes from bacteria or
endotoxin in the dialyzer. Check the patient’s
temperature and record it at least before and after
a treatment. Tell the nurse if a patient has an oral
temperature of 37.8&deg; C (100&deg; F) or chills. A
doctor will need to decide if the symptoms might
be due to an adverse reaction to the dialyzer.
If a patient has sudden symptoms, the team needs
to assess the treatment for:
Germs can enter a dialyzer from water used to
make dialysate. After a treatment, germs in
the dialysate side may stay in a dialyzer. If they
multiply and enter the patient’s blood, they could
cause:
Pyrogenic reactions (fever, chills, nausea,
vomiting, low blood pressure, muscle pain)
Sepsis (blood poisoning)
Either of these problems can be fatal.
Problems with bacteria or endotoxin may occur
due to:
rongly made or outdated germicide
W
Not enough contact time between the
dialyzer and germicide
Wrong storage conditions
Not filling the dialyzer with enough
germicide
se of contaminated water
U
Errors in treatment delivery
Wrong dialyzer reprocessing
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Anaphylaxis (severe, immediate
allergic reaction), which may
include:
Sleep problems and changes in
the immune system caused by
exposure to small amounts of
germicide over time
• Hives
• Rapidly falling blood pressure
• Muscle spasms in breathing
passages, GI tract, or uterus
Shortness of breath,
respiratory distress
• Swelling in the throat
Burning in the
vascular access
Figure 9: Medical risks of incorrect dialyzer reprocessing
Dialyzer housings, support structures, and
membranes can adsorb endotoxin. It is hard to
rinse out. This is why bacteria levels in the water
used to make dialysate and dilute germicide must
be kept as low as possible.10
acteria must not exceed 200 colony
B
forming units (CFU), the AAMI Standard
for dialysis water, with an action level of
50 CFU.
The endotoxin level should be less than 2
endotoxin units/mL (EU/mL) with an
action level of 1 EU/mL.17
If one patient has a reaction due to a dialyzer,
blood and dialysate cultures should be done.10
If a cluster of patients has pyrogenic reactions or
sepsis at the same time due to reuse, the clinic
must stop doing reuse. They may not restart until
the whole reprocessing system has been checked.10
Germicide Exposure
Germicides are toxic if they enter the patient’s
blood, even in small amounts (see Figure 9). If
all of the germicide is not rinsed out before the
next treatment, the patient may have:
urning in the access limb
B
Blurred vision
Numbness in the lips
Vision or hearing loss
Death
Acute (sudden) toxicity may also occur if dialysis
does not start right after the germicide test is
done. Waiting may cause a rebound of the germicide in the blood side.
Small amounts of some germicides don’t cause
acute symptoms, but may cause long-term problems, such as trouble sleeping and changes in the
immune system.
Follow your clinic’s policies and procedures for
chemical use to avoid or minimize the risks. Test
every dialyzer before use to make sure all of the
chemicals have been removed.
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Altered Dialyzer
Performance
Log blood leaks and reduced or changed dialyzer
performance into the Complaint Investigation
File and review it for trends.
Each reuse changes the membrane. In time, these
changes can add up to poor solute transport and
UF, so the patient does not receive the full dialysis
prescription.
Documentation
ontact with cleaning agents and germicide
C
can harm the membrane. Leaks and reduced
clearance can occur.
During reuse, fibers can clog with blood or
other material. This can reduce the surface
area of the dialyzer.
A slower flow rate or smaller surface area can
reduce clearance and the UF rate.19
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Dialyzer reuse is still done in many clinics.
While reuse is used as part of a medical
treatment, reprocessing is like a type of
manufacturing. Clinics should follow the
“good manufacturing practice” standards
used by dialyzer makers. This means a lot of
documentation must be done (see Table 4).20
The staff person who does this must be
diligent and precise.
Table 4: Dialyzer reprocessing documents
Document
Description
Dialyzer Reprocessing
Manual
A summary of all reuse specifications, policies, procedures, training
materials, manuals, methods, and samples of forms and labels
Reprocessing Log
Record of each step in dialyzer use – from entry in the clinic, to all testing, to
disposal
Water Quality
Record of water treatment system maintenance and operation to meet
AAMI standards and the clinic’s policies and procedures. Includes
cultures, endotoxin, and chemical analysis.
Complaint Investigation File
and Special Incident Report
Record of all complaints by patients and staff about dialyzer failures or
possible harmful reactions. Include results of any checking of the
complaints and actions taken to fix a problem. Complaints should be
reviewed for trends.
Environmental Testing
Record of testing required by regulatory agencies on germicides
or cleaning agents used in dialyzer reuse
Equipment Maintenance
Log of the dates of preventive maintenance, repairs, and results
of scheduled testing on all reprocessing and safety equipment
Incoming Materials Log/
Material Quality Records
Log of incoming materials such as dialyzers, port caps, disinfectants,
other supplies, results of any quality control tests, first-in/first-out inventory
control, and expiration dates
Personnel Health
Monitoring Records
Record of staff medical exam results to monitor exposure
to substances that may be toxic, as required by regulatory agencies
Training Records
Record of staff’s completion of a training course in dialyzer reprocessing,
proven ability to do reuse correctly, and certification by the Medical Director
Quality Assurance
and Quality Control
Record of the dates and results of all quality assurance and quality
control evaluations
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Table 5: Quality assurance audit schedule
Monthly
Quarterly
Semi-annually
Annually
Patient information policy (14.3)

Equipment manuals and procedures (14.4)

Equipment maintenance and repair policies (14.4)

Environmental safety (8.1)

Environmental safety (8.2)

Environmental safety (8.4)

Reprocessing supplies (9)
Water treatment* (11.4.1.5)


Hemodialyzer labeling (10)
Reprocessing procedures** (14.8)


Procedures for preparation for dialysis (14.9)


*More frequent monitoring may be required at first as described in 11.4.1.5
**These functions may allow for the less frequent review period indicated according to the circumstances specified in their respective sections
(Numbers in parentheses refer to AAMI sections)
Table adapted with permission from AAMI
Quality assurance audit schedule Table 2 ANSI/AAMI RD47:2008
Quality Assurance and
Quality Control
A clinic must prove it can safely and effectively
reprocess dialyzers. Federal rules require clinics
that reuse dialyzers to have a program to check
their systems. Quality assurance and quality
control are the two parts of the program.
Quality assurance (QA) shows that a clinic has
written, used, and tested its reuse policies and
procedures. All standards as well as state and
federal rules must be included. Each person
who does reuse must pass the clinic’s training
course, prove competence, and be certified by the
Medical Director. Each must pass a competence
review once a year. The clinic should review all
procedures and manuals each year and any time
problems could be due to equipment failure.
AAMI Reuse Recommended Practice, RD47 has
details on all parts of a reuse QA program (see
Table 5).9
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Quality control (QC) shows that the materials,
processes, and final product meet set standards.
QC for reprocessing includes TCV, tests for
bacteria and endotoxin, and tests for germicide.
Conclusion
Dialyzer reprocessing, done the right way, is
safe for patients. If it is done wrong, it can
pose a hazard to patients and staff. As a dialysis
technician, your role is to follow the clinic’s
policies and procedures to ensure patient
and staff safety.
M o d u l e
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Abbreviations List
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Acronym
What It Stands For
Meaning
AAKP
American Association of Kidney Patients
Voluntary organization
AAMI
Association for the Advancement of Medical
Instrumentation
Organization that sets standards for dialysis equipment and water
CFU
Colony-forming units
Measure of bacteria in water
CMS
Centers for Medicare and Medicaid Services
Medicare
EU
Endotoxin units
Measure of endotoxin in water
FBV
Fiber bundle volume
Another term for TCV
FDA
Food and Drug Administration
US agency that regulates food &amp; drug safety
HD
Hemodialysis
Cleaning the blood with a filter
KDOQI
National Kidney Foundation Kidney Disease
Outcomes Quality Initiative
US clinical practice guidelines
MSDS
Material safety data sheet
Information about a chemical
NIOSH
National Institute for Occupational Safety and
Health
US agency that studies workplace safety
NKF
National Kidney Foundation
Voluntary organization
OSHA
Occupational Safety and Health Administration
US agency that protects workers
PEL
Permissible exposure limit
Amount of a toxic chemical it is safe to be exposed to
QA
Quality assurance
Process for writing and testing policies
QC
Quality control
Process to meet standards
STEL
Short-term exposure limit
Chemical exposure per 15 minutes
TCV
Total cell volume
Volume a dialyzer will hold
TWA
Time-weighted average
Chemical exposure per 8 hour shift
UF
Ultrafiltration
Removal of water in dialysis
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FEATURED PATIENT ARTWORK &raquo;
Dwight Matthews
I am 64 years old. I live in a nursing
home and have been on dialysis for
a long time. If I could give future
dialysis techs advice it would be for
them to treat the dialysis patient like
an average person. On one hand, I
take my health seriously so I want my
tech to take my health seriously. On
the other hand, I also want techs to
be light-hearted and happy-go-lucky.
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Objectives
Dialyzer Reprocessing
After you complete this module, you will be able to:
1. Discuss the history of dialyzer reprocessing.
2. Explain why dialysis clinics reprocess dialyzers.
3. List the steps, in order, for dialyzer reprocessing.
4. Discuss the hazards to patients and staff that can occur
with dialyzer reprocessing.
5. Describe the documentation needed for dialyzer reprocessing.
A list of the abbreviations used can be found at the end of the module.
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Introduction
The dialyzer is a feat of engineering. It is complex
enough to do some of the work of a human kidney, yet reliable enough to be used many times.
Many dialyzers are reprocessed: cleaned and
disinfected to be used again by the same patient
instead of being thrown out after one treatment.
This is called reuse.
Federal and some state laws and rules cover
dialyzer reprocessing. The rules state what clinics
must do to make reuse as safe and effective as it
can be for both patients and staff. A reprocessing
technician has the key job of reducing the risks of
reuse. This is done by carefully following all of
the laws, rules, and clinic procedures.
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In 1967, Dr. Belding Scribner (who helped
devise the fistula) reported that the blood side of
a Kiil could be filled with germicide (germ killer),
rinsed, and used again. The Kiil did not have
to be taken apart and rebuilt for each use. Dr.
Scribner’s aim was to save his home patients some
of the need to “tear down” and rebuild the Kiil.
At the time, most of his Seattle patients were
doing home HD.1
Latches
This module covers the history of the reasons for
reprocessing, the role of rules and guidelines, and
the steps used to reprocess dialyzers.
Inside the Kiil, two pairs of
membrane sheets (4 sheets
total) were separated by three
grooved plastic boards
History of Dialyzer
Reprocessing
Dialyzer reprocessing has been around since the
late 1960s. At first, it was done by hand. Now,
reprocessing is most often done with a machine.
The evolution of dialyzers helped reuse equipment to evolve as well.
In the mid-1960s, most patients were treated
with Kiil dialyzers (see Figure 1). A Kiil was a
“sandwich” made of layers of membrane sheets
held apart by grooved plastic boards. Rubber
gaskets and metal clamps held the sandwich
together. The Kiil had to be assembled and pressure tested before each use—a slow and complex
process. About 10%–20% of the time the Kiil
would fail the pressure test and the whole process
would have to start over with fresh sheets of
membrane.
Figure 1: Kiil dialyzer
By the late 1960s, new coil dialyzers were
preferred for reuse. Coils were easier to set up
and prime (fill and rinse with normal saline)
than Kiils. But, coils were too costly for many
hospitals to use just once, as manufacturers
suggested. Before reuse, they were filled with a
germicide and kept in a refrigerator with sterile
water in the blood compartment.2
By the late 1970s, parallel plate dialyzers were
reused. The dialyzer could be sealed off with
germicide in the blood and dialysate sides. This
reduced the chances that germs could grow inside.
When hollow fiber dialyzers came on the market
in 1970, they proved to be well-suited for reuse.
They were strong and easy to rinse. High water
pressure could be used to wash fibrin and
blood out of the fibers. Reused hollow fiber
dialyzers performed better than other types.
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Total cell volume (TCV) was easy to measure and
was used to decide when the dialyzers should be
discarded. The hollow fiber dialyzer became the
leading choice for reuse.
Over time, dialyzer reuse evolved. It was studied,
tested, and practiced. Researchers looked at how
dialyzers differed in how well they cleared small
solutes. They tried a number of germicides, dwell
times, concentrations, and temperatures. In time,
they found ways to kill and prevent the growth of
bacteria.
Companies began to build automated systems for
reprocessing. Some systems would process one
dialyzer at a time, for example:
The ECHO™ by Mesa Medical, Inc
The Renatron&reg; by Renal Systems
Other companies made multi-station systems for
in-center use:
e ADR-22 by Texas Medical Devices
Th
(4-station)
The Seratronics DRS-4 (4-station)
The Lixivitron 2 by Harco Medical
Electronic Devices (4-station)
Belro Company (6-station)
Compudial KP-1 by Computer Dialysis
Systems (12-station)
Dialyzer Reuse
Numbers
In 1976, about 18% of US HD patients were
treated with reused dialyzers.3 In the 1980s,
many studies found that reuse with proper quality
control was safe. Machine systems aided growth
of the practice.
In 1983, dialysis payment from Medicare
changed. Clinics were paid a fixed sum (the
composite rate) per treatment. This change may
have been the largest reason for the fast growth
of reuse—which peaked in 1997, with 82% of
clinics using it.3
222
In 2002, reuse dropped to 63%.3 In 2001, the
largest US dialysis company stopped reuse of
dialyzers.4 Now, 6 of the 10 largest companies
reuse some of their dialyzers. Reuse data between
2010 and 2011 has been reported by four of the
six largest dialysis companies. In this survey,
reuse decreased by 5% to 25%.5
Why Dialyzers
are Reused
Reasons for dialyzer reuse have changed over
time. During HD treatments with a cellulose
dialyzer, the inner surface of the dialyzer is coated
with proteins. Reprocessing with certain germicides (other than bleach) leaves the proteins in
the dialyzer, which makes it more biocompatible.
But today’s synthetic membranes are already more
biocompatible. Now, reuse is done as a cost-saving measure. It does not help patients, but most
believe it does not harm them.
Safety of Reuse
In 1997, the National Kidney Foundation’s
Council on Dialysis had an expert panel look at
the patient outcomes of reuse since 1988. The
group looked at symptoms, death, chemical
toxins, and clearance. The Council did not take a
stand for or against reuse, but it found no impact
of reuse on patient illness or death.6
Reuse is still controversial:
A 2011 study in 23 clinics found that
patients who got a new dialyzer at each treatment were more likely to live than those who
did not. But the study could not prove that
this was because of the dialyzers.7
A 2011 study in 1,140 clinics found almost
the same death rates in clinics that did reuse
vs. clinics that did not reuse. And, reuse
in those clinics saved 13.8 million dialyzers
—22 million tons of medical waste.8
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Figure 2: Reuse reduces medical waste in landfills
Never reuse a dialyzer from a patient who
tests positive for Hepatitis B surface antigen
(HBV+). Both AAMI and the Conditions for
Coverage state this rule.9-10 We don’t reuse these
dialyzers to keep other patients and the clinic staff
safe. The rules also state that patients must be
told about reuse and how it is done. CMS does
not require written patient consent for reuse, but
patient groups (AAKP and NKF) suggest it.10
Saving Dollars
and Reducing Waste
Reusing a dialyzer can reduce the cost per
treatment, even though it takes some staff time
to do. Using dialyzers just once also has a major
impact on the planet. Each year more than one
million tons of medical waste is made in the US.11
When we reuse dialyzers, we can greatly reduce
the amount of waste from dialysis clinics8
(see Figure 2). Reuse also lowers the costs of
disposing of medical waste.
Rules for Dialyzer
Reprocessing
Dialyzers must be reprocessed using the AAMI
standards. CMS adopted the AAMI Reuse of
Hemodialyzers, third edition, as a Condition for
Coverage and as federal rules.10
The AAMI standards cover:
Equipment
Cleaning and disinfecting
Labeling
Record keeping
Supplies
Environmental safety
Staff qualifications
Training
Quality assurance (see Figure 3)
As we cover the reuse steps, we will tell you what
the rules require you to do.
Types of Dialyzers
Not all dialyzers are approved for all of the germicides we use to reprocess. In 1996, the FDA
said that each dialyzer’s label must say if it is for
“single” or “multiple” use.12 Only dialyzers that
say “multiple use” on the label can be reused.
Companies that sell dialyzers to clinics that reuse
must include a method to reprocess the dialyzer
and a list of the approved cleaning agents and germicides. The dialyzer label must have at least one
way to reuse the dialyzer and scientific proof that
it is safe and effective.12 Read the label before you
start to prepare a dialyzer for reprocessing.
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New dialyzer
Automated
Versus Manual
Supplies
Storage
Check
Re-label
Storage
Reprocessing can be done with a machine (see
Figure 4) or manually (by hand). All of the
tasks a machine does can be done by hand.
But automated reprocessing is more efficient,
consistent, provides better records, and is safer
for patients.13
Preprocessing Initial TCV
First use
End of dialysis
TIME LIMIT
Tap water
Rinse/pre-clean
Water treatment
Fails specs
Performance test(s) (leak test)
Germicide/disinfectant fill
Inspection
Storage
MIN TIME
Inspection
Patient ID check*
Germicide/disinfectant test
Germicide/disinfectant rinse
Germicide/disinfectant test
Start dialysis
REJECT DIALYZER – REMOVE FROM SERVICE
* This step may be done later but must preceed initiation of dialysis
Figure 3: Systems diagram for reprocessing dialyzers
Figure adapted with permission from AAMI
Annex B systems diagram for reprocessing dialyzers ANSI/AAMI RD47:2008
Figure 4: Automated
reprocessing systems
Drawings adapted with permission
from Seratronics and Renal Systems
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If you reprocess by hand, you must test the
tools you are using to be sure they are working.
You will learn how to do this with a graduated
cylinder to test volume and a hand held manometer to test pressure. These tests can show whether
the TCV measurement of a dialyzer is correct and
the membrane is intact. Automated systems can
self-test; follow the manufacturer’s instructions to
use them.
M o d u l e
Preparing a
Dialyzer for
First Use
Dialyzer Labeling
CMS also says that labels need to stay readable
through reprocessing and dialysis.10 The label
should not cover up the model number, lot
number, arrows for blood and/or dialysate flow,
or other key data on the manufacturer's label.
Labels on dialyzers with clear casings should
be small and placed so you can see the
whole blood path.
The CMS Conditions for coverage state the rules
for how a dialyzer must be labeled:10
Total Cell Volume (TCV)
ou must put the patient’s name on a
Y
dialyzer before you use it for the first time.
If patients have the same (or similar) last
names, the label must have a warning or
alert (see Figure 5). The label should also
have extra information to prevent mix-ups,
such as:
• The patient’s first name and middle initial
• A color code
• Medical record number
The label will need space for:
• The number of uses
• Date and time of the last reuse
• An identifier for the reprocessing staff
member
• Results of tests done on the dialyzer
7
TCV is also called fiber bundle volume (FBV),
and is the total amount of fluid the blood compartment of a dialyzer will hold. We use TCV to
learn about the dialyzer’s overall performance and
how well it may remove solutes and water.
Before we use a new dialyzer for the first time,
it must be preprocessed (see below) and tested to
find out the baseline TCV. After each use, check
a dialyzer against its own TCV value. The TCV
must be at or above 80% of baseline to be used
again.10 A 20% drop in TCV equals a 10% loss
of urea clearance.10* If the TCV is less than 80%,
it is time to discard the dialyzer.
* Loss of solute transport in a dialyzer does not relate
100% to fiber clotting. When some fibers clot, the
rest receive a higher blood flow. This leads to a
higher diffusion rate in each unclotted fiber.
So, when the TCV is 80% of the baseline, urea,
sodium, or ionic clearance only drops by about 10%.
Preprocess
Clinics must preprocess all new dialyzers if they
are going to be reused.10 This means all of the
reuse steps must be done before a dialyzer is used
for the first time. If a “dry pack” (a dialyzer right
out of the box) is used for a treatment
without preprocessing, it must be discarded
after the treatment. Some manufacturers make
dialyzers that cannot be preprocessed—so these
cannot be reused and must be discarded after one
treatment.
Figure 5: Example of a reprocessing
label and same name alert
All water used to rinse, preprocess, reprocess
dialyzers, and dilute germicide must meet
AAMI standards.10
Drawing adapted with permission from Seratronics
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After Dialysis
At the end of a treatment, blood in the dialyzer
is rinsed back (returned to the patient). Rinse
as much blood as you can back to the patient to
reduce blood loss. A rinseback that is fair or poor
leaves blood in the dialyzer. Any blood that is left
may clot in the fibers so the dialyzer is hard to
clean and does not perform as well (see Figure 6).
After rinseback:
ecirculate the saline in the extracorporeal
R
circuit (send it through the loop) before
removing the dialyzer, to minimize clotting
Take the dialyzer off of the
extracorporeal circuit
Put caps on each of the ports
Bring the capped dialyzer to the reprocessing
room or bag it to prevent cross-contamination and place it in a tub with other dialyzers
to be moved to the reprocessing room
Dialyzers that won’t be reprocessed within 2 hours
must be refrigerated—but not frozen. Keeping
dialyzers cold slows the growth of germs. Used dialyzers that will be reprocessed off-site must be kept
cold during transport. Temperature ranges and
maximum refrigeration time are set by the clinic.
Good rinseback –
a few streaks of blood
Fair rinseback –
several streaks of blood,
possibly in different places
Poor rinseback –
many streaks of blood
Figure 6: Good, fair, and poor rinsebacks
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Pre-clean
The first step in reprocessing is to pre-clean the
dialyzer. Precleaning removes some blood from the
blood compartment. AAMI-quality water must be
used.9 A clinic may choose to preclean all, some or
none of the dialyzers before reprocessing.
Pre-cleaning may use reverse ultrafiltration (UF).
If so, you do reverse UF by placing a cap on one
of the dialysate ports and sending a controlled
supply of water into the other port. Purge all air
from the dialysate compartment before you cap
it. Any air left in the compartment will be forced
across the dialyzer membrane. Manufacturers
state the maximum pressure that can be used on
their dialyzers. This may be listed as Maximum
Transmembrane Pressure or TMP. Higher pressures may break fibers and cause blood leaks. For
this reason, you need to monitor the pressures
on a manual system. Automated systems test
internal pressure.
Clean and Disinfect
the Header
For some dialyzers, you may need to take off the
header caps to remove clotted blood from the
headers (see Figure 7). If so, use only a free flowing stream of AAMI-quality water to clean the
header, header cap, and O-ring—not a paper clip,
4x4, or rag.10 Once these are clean, dip them in
disinfectant before you put them back on.9 Keep
the headers, caps, and O-rings with the dialyzer
they came from.10 Putting the wrong part on a
dialyzer could expose a patient to someone else’s
blood. For this reason, it is safest to clean one
dialyzer at a time. Learn your clinic's policy for
removing dialyzer header caps.
M o d u l e
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Translucent polyurethane or polycarbonate (plastic) potting material.
If endotoxin leaches into the potting material, it is hard to remove it.
Header
Plastic casing,
or housing
Hollow fibers
Dialyzer
reprocessing
label
Blood may clot inside the hollow fibers, making the
dialyzer hard to rinse and clean completely.
Blood clotting may occur at the ends of the hollow
fibers between the potting material and header.
Figure 7: Parts of a hollow fiber dialyzer
Test Performance
Disinfect
After you rinse and clean the dialyzer, you will
need to test it:
The next step is to disinfect the dialyzer. The
automated system fills dialyzers with a germicide.
CMS says in the Conditions for Coverage that
dialyzers must be exposed to only one germicide
during reprocessing.10 If your clinic switches to
a new germicide, all dialyzers must be discarded
before the new one is used.10
S ince dialyzer performance is linked to TCV,
federal and state rules require TCV to be
checked after each reuse.
You will need to do a leak test. This measures how well the dialyzer can withstand a
pressure load and protects the patient from a
blood leak.
Inspect the dialyzer for cracks, chips, or
defects in the plastic housing.
Rejecting a Dialyzer
Discard dialyzers that:10
ave reached their maximum number of
H
uses (per your clinic’s policy)
Fail performance tests
Have cracks or leaks in the plastic housing
Have been exposed to more than one
germicide
Have large clots or other deposits in
the headers
Have more than a “few” discolored fibers the dialyzer needs to look good to patients
and staff
Have labels that can’t be read
The four main types of germicides used in the US
are:
eracetic acid (most common)3
P
Formaldehyde
Glutaraldehyde
Heat disinfection with citric acid
Each germicide has pros and cons (see Table 1).13
If you mix germicide, you must test it before use
to be sure it is the right concentration. When a
machine mixes germicide on-line, it needs to be
checked at least once a month.9 Some germicides
come premixed. Even though these are verified
and documented by the manufacturer, it is good
practice to check them before you use them.
The germicide must stay in the dialyzer for a
certain amount of time to kill germs. The contact
time (how long the germicide must stay in the
dialyzer to work) differs for each germicide (see
Table 1).13
KDOQI guidelines say to throw out dialyzers
with less than 80% of the baseline TCV. 14
227
Dialyzer Reprocessing
Table 1: Germicide pros, cons, and contact time
Germicide
Pros
Cons
Contact Time
Peracetic acid
When diluted, breaks down
to biodegradable acetic acid,
oxygen, and water
Higher cost
11 hours
Formaldehyde
Low cost
Tech must use a respirator
24 hours
Clinic must have a quick
drench shower
May cause cancer
Disposal costs are higher
Glutaraldehyde
Low cost
Linked with breathing and skin
problems
10 hours
Disposal costs are higher
Heat disinfection
with citric acid
Safe for staff and the
environment
Handling Hazardous
Materials
Used dialyzers are hazardous materials. They contain blood. Handle them with Standard Precautions, until the inside and outside are disinfected.
Wear protective gear to touch used dialyzers until
reprocessing is done.10
Germicides kill germs. They can also harm you
and your patients. The use of some germicides
requires special protective gear and routine monitoring of vapors in and around the reprocessing
area. To date there are no published safety studies
on working with peracetic acid, but the two
components, hydrogen peroxide and acetic acid,
do have exposure limits, and air quality must be
checked to ensure patient and staff safety.
Glutaraldehyde can:15
I rritate or burn eyes and skin
Cause itching or rash
Irritate the nose or throat, causing coughing,
wheezing, or sudden asthma attacks
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Not all dialyzers can be heat
disinfected
20 hours
ead to headaches, feeling drowsy or dizzy,
L
or nosebleeds
Formaldehyde can:16
Irritate the eyes, nose or throat
Cause coughing or wheezing
Trigger severe allergic reactions of the skin,
eyes, and breathing tract
Be a potential cancer hazard
OSHA standards require clinics to tell staff about
all hazardous chemicals in the workplace. Clinics
must keep results of medical exams of exposed
reuse staff in a file.10 OSHA has also set exposure
limits for germicides used in reprocessing (see
Table 2).
The clinic must provide a list of all chemicals
and keep it up to date.
ne copy of the material safety data sheet
O
(MSDS) for each substance must be kept in
a file that staff can access.
M o d u l e
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Table 2: OSHA environmental exposure limits9
Substance
Permissible Exposure Limit (PEL)
Acetic Acid
10 ppm TWA*
Chlorine Dioxide (syn.: chlorine oxide)
0.1 ppm TWA
Citric Acid
None set
Formaldehyde
0.75 ppm TWA
2 ppm STEL** (15 min)
0.5 ppm action level
Glutaraldehyde
0.2 ppm ceiling NIOSH/OSHA
Hydrogen Peroxide
1 ppm TWA
Peracetic Acid
None set
Phenol
5 ppm TWA
ppm = parts per million
NIOSH = National Institute for Occupational Safety and Health
OSHA = Occupational Safety and Health Administration
PEL - can be TWAs or STELs (below)
* TWA (time-weighted average) – how much an employee can be exposed to in an 8-hour shift
** STEL (short-term exposure limit) – how much an employee can be exposed to in any 15-minute time period
ne copy must be posted near where a
O
chemical is used, so you can find it quickly
in an emergency.
All containers must be clearly labeled, to
avoid mix-ups.
Your clinic must train you in its procedures for
handling hazardous materials.10 They must have
spill kits for the chemicals you will use and train
you in their use. The clinic must encourage you to
read its written policies. You should know where
to find policies, emergency procedures, and training materials. A clinic with more than 10 staff
must also keep records of occupational illnesses and
injuries. It is the employer’s job to ensure compliance with safety practices and policies.
Procedures alone can’t keep you safe from toxic
substances. Each staff member must learn the
steps and follow them. Taking shortcuts with
hazardous materials does not save time if it
causes an accident. Protect yourself and others
by learning how to handle hazardous
materials safely.
Storing Reprocessed
Dialyzers
Before storage, wipe off the outside of a dialyzer or
soak it with a disinfectant. Inspect the label, and
look to see if it is clean and the ports are capped
tightly. Never store reprocessed dialyzers with
new ones or dirty dialyzers with clean ones.10
Storage should be done to reduce deterioration,
contamination, and breakage. Reprocessed
dialyzers can be stored on wall racks or carts until
they are needed. The longest storage time for a
reused dialyzer (without being reprocessed) is set
by the clinic and the germicide maker. The storage
system should be easy to clean. Always follow your
clinic’s policies and procedures for storing dialyzers.
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Is aesthetic appearance acceptable to patient?
Verify correct
patient name
All caps should be
tight with no leakage
Hollow fibers should be relatively
free of clotted blood
Dialyzer
reprocessing label
Complete and
legible label
Figure 8: Reprocessed dialyzer
Preparing for the
Next Use
Inspect the Dialyzer
The first step in getting a dialyzer ready for its next
use is looking at it (see Figure 8) to be sure that:
I t is labeled properly
No structural damage or tampering
has occurred
Ports are capped, and there is no leakage
from the ports or other parts of the dialyzer
It was stored long enough for the germicide
to work, but not so long as to exceed the
shelf life
The cosmetic appearance is good—
it looks clean
After you look at the dialyzer, use a test strip
or ampule to confirm that germicide is present
and strong enough to work. Just looking at the
dialyzer can’t tell you how strong the germicide is.
You must test the fluid to confirm the presence
and strength of germicide.10 How you test will
depend on which germicide your clinic uses.
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There should be no visible
damage to the dialyzer
There should not be
clots in the header
Removal of Germicide
The next step is to thoroughly rinse the germicide
out of the dialyzer before it is used, using your
clinic’s procedure. Germicide can “hide” in the
dialyzer. The steps in Table 3 can help you ensure
that it is all out so the patient is safe.
Then, test the dialyzer to be sure the germicide is
at or below the manufacturer’s and clinic’s levels.10
Keep fluids flowing in the extracorporeal circuit
after you test. If you don’t, you will need to retest
before you start the treatment to be sure that
rebound of the germicide did not occur.
If you don’t rinse the dialyzer well enough, the
patient could get the toxic germicide.
Check Dialyzer Prior
to Treatment
Just before the start of a treatment, two people
should check the dialyzer label to make sure it
matches the patient. It’s best if the patient can be
one of these two people. Record this step on the
reprocessing record or dialysis flowsheet, and sign it
to show who did the check. Staff members should
ensure that the dialyzer has been prepared for use.
The dialyzer must be labeled correctly,
structurally sound (no cracks or leaks, all caps in
place, etc.), free of germicide, and clean.
M o d u l e
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Table 3: How to rinse a dialyzer 10
Problem
Solution
Air bubbles in fibers can trap germicide inside.
Fully prime the arterial line before you connect it to
the dialyzer. Flush the blood side before you start
dialysate flow if you use a peracetic acid germicide.
Air in the dialysate side can trap germicide.
Rotate the dialyzer while you rinse it to release
trapped air.
Germicide may back up into the heparin
or monitor lines.
Clamp the heparin line so fluid can’t be forced into it.
Germicide may back up into the saline bag.
Follow your clinic’s procedures and don’t force fluid
from the dialysis circuit into the saline bag.
Sampling too quickly after rinsing may lead to a false
negative germicide test.
Follow your clinic’s procedure for how long to flush the
dialyzer before testing.
The saline prime could contain some germicide.
Discard the saline prime when you start blood flow
to the dialyzer.
Potential Hazards
Dialyzer reuse is safe if it is done correctly. If it is
done wrong, it can harm patients. A record needs
to be kept of all complaints and reactions to
reused dialyzers in a Complaint Investigation File.
The results of any investigations and corrective
action, if taken, should be reviewed for trends.
Bacteria and Endotoxin
A major risk of reuse comes from bacteria or
endotoxin in the dialyzer. Check the patient’s
temperature and record it at least before and after
a treatment. Tell the nurse if a patient has an oral
temperature of 37.8&deg; C (100&deg; F) or chills. A
doctor will need to decide if the symptoms might
be due to an adverse reaction to the dialyzer.
If a patient has sudden symptoms, the team needs
to assess the treatment for:
Germs can enter a dialyzer from water used to
make dialysate. After a treatment, germs in
the dialysate side may stay in a dialyzer. If they
multiply and enter the patient’s blood, they could
cause:
Pyrogenic reactions (fever, chills, nausea,
vomiting, low blood pressure, muscle pain)
Sepsis (blood poisoning)
Either of these problems can be fatal.
Problems with bacteria or endotoxin may occur
due to:
rongly made or outdated germicide
W
Not enough contact time between the
dialyzer and germicide
Wrong storage conditions
Not filling the dialyzer with enough
germicide
se of contaminated water
U
Errors in treatment delivery
Wrong dialyzer reprocessing
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Anaphylaxis (severe, immediate
allergic reaction), which may
include:
Sleep problems and changes in
the immune system caused by
exposure to small amounts of
germicide over time
• Hives
• Rapidly falling blood pressure
• Muscle spasms in breathing
passages, GI tract, or uterus
Shortness of breath,
respiratory distress
• Swelling in the throat
Burning in the
vascular access
Figure 9: Medical risks of incorrect dialyzer reprocessing
Dialyzer housings, support structures, and
membranes can adsorb endotoxin. It is hard to
rinse out. This is why bacteria levels in the water
used to make dialysate and dilute germicide must
be kept as low as possible.10
acteria must not exceed 200 colony
B
forming units (CFU), the AAMI Standard
for dialysis water, with an action level of
50 CFU.
The endotoxin level should be less than 2
endotoxin units/mL (EU/mL) with an
action level of 1 EU/mL.17
If one patient has a reaction due to a dialyzer,
blood and dialysate cultures should be done.10
If a cluster of patients has pyrogenic reactions or
sepsis at the same time due to reuse, the clinic
must stop doing reuse. They may not restart until
the whole reprocessing system has been checked.10
Germicide Exposure
Germicides are toxic if they enter the patient’s
blood, even in small amounts (see Figure 9). If
all of the germicide is not rinsed out before the
next treatment, the patient may have:
urning in the access limb
B
Blurred vision
Numbness in the lips
Vision or hearing loss
Death
Acute (sudden) toxicity may also occur if dialysis
does not start right after the germicide test is
done. Waiting may cause a rebound of the germicide in the blood side.
Small amounts of some germicides don’t cause
acute symptoms, but may cause long-term problems, such as trouble sleeping and changes in the
immune system.
Follow your clinic’s policies and procedures for
chemical use to avoid or minimize the risks. Test
every dialyzer before use to make sure all of the
chemicals have been removed.
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Altered Dialyzer
Performance
Log blood leaks and reduced or changed dialyzer
performance into the Complaint Investigation
File and review it for trends.
Each reuse changes the membrane. In time, these
changes can add up to poor solute transport and
UF, so the patient does not receive the full dialysis
prescription.
Documentation
ontact with cleaning agents and germicide
C
can harm the membrane. Leaks and reduced
clearance can occur.
During reuse, fibers can clog with blood or
other material. This can reduce the surface
area of the dialyzer.
A slower flow rate or smaller surface area can
reduce clearance and the UF rate.19
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Dialyzer reuse is still done in many clinics.
While reuse is used as part of a medical
treatment, reprocessing is like a type of
manufacturing. Clinics should follow the
“good manufacturing practice” standards
used by dialyzer makers. This means a lot of
documentation must be done (see Table 4).20
The staff person who does this must be
diligent and precise.
Table 4: Dialyzer reprocessing documents
Document
Description
Dialyzer Reprocessing
Manual
A summary of all reuse specifications, policies, procedures, training
materials, manuals, methods, and samples of forms and labels
Reprocessing Log
Record of each step in dialyzer use – from entry in the clinic, to all testing, to
disposal
Water Quality
Record of water treatment system maintenance and operation to meet
AAMI standards and the clinic’s policies and procedures. Includes
cultures, endotoxin, and chemical analysis.
Complaint Investigation File
and Special Incident Report
Record of all complaints by patients and staff about dialyzer failures or
possible harmful reactions. Include results of any checking of the
complaints and actions taken to fix a problem. Complaints should be
reviewed for trends.
Environmental Testing
Record of testing required by regulatory agencies on germicides
or cleaning agents used in dialyzer reuse
Equipment Maintenance
Log of the dates of preventive maintenance, repairs, and results
of scheduled testing on all reprocessing and safety equipment
Incoming Materials Log/
Material Quality Records
Log of incoming materials such as dialyzers, port caps, disinfectants,
other supplies, results of any quality control tests, first-in/first-out inventory
control, and expiration dates
Personnel Health
Monitoring Records
Record of staff medical exam results to monitor exposure
to substances that may be toxic, as required by regulatory agencies
Training Records
Record of staff’s completion of a training course in dialyzer reprocessing,
proven ability to do reuse correctly, and certification by the Medical Director
Quality Assurance
and Quality Control
Record of the dates and results of all quality assurance and quality
control evaluations
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Table 5: Quality assurance audit schedule
Monthly
Quarterly
Semi-annually
Annually
Patient information policy (14.3)

Equipment manuals and procedures (14.4)

Equipment maintenance and repair policies (14.4)

Environmental safety (8.1)

Environmental safety (8.2)

Environmental safety (8.4)

Reprocessing supplies (9)
Water treatment* (11.4.1.5)


Hemodialyzer labeling (10)
Reprocessing procedures** (14.8)


Procedures for preparation for dialysis (14.9)


*More frequent monitoring may be required at first as described in 11.4.1.5
**These functions may allow for the less frequent review period indicated according to the circumstances specified in their respective sections
(Numbers in parentheses refer to AAMI sections)
Table adapted with permission from AAMI
Quality assurance audit schedule Table 2 ANSI/AAMI RD47:2008
Quality Assurance and
Quality Control
A clinic must prove it can safely and effectively
reprocess dialyzers. Federal rules require clinics
that reuse dialyzers to have a program to check
their systems. Quality assurance and quality
control are the two parts of the program.
Quality assurance (QA) shows that a clinic has
written, used, and tested its reuse policies and
procedures. All standards as well as state and
federal rules must be included. Each person
who does reuse must pass the clinic’s training
course, prove competence, and be certified by the
Medical Director. Each must pass a competence
review once a year. The clinic should review all
procedures and manuals each year and any time
problems could be due to equipment failure.
AAMI Reuse Recommended Practice, RD47 has
details on all parts of a reuse QA program (see
Table 5).9
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Quality control (QC) shows that the materials,
processes, and final product meet set standards.
QC for reprocessing includes TCV, tests for
bacteria and endotoxin, and tests for germicide.
Conclusion
Dialyzer reprocessing, done the right way, is
safe for patients. If it is done wrong, it can
pose a hazard to patients and staff. As a dialysis
technician, your role is to follow the clinic’s
policies and procedures to ensure patient
and staff safety.
M o d u l e
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Abbreviations List
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Acronym
What It Stands For
Meaning
AAKP
American Association of Kidney Patients
Voluntary organization
AAMI
Association for the Advancement of Medical
Instrumentation
Organization that sets standards for dialysis equipment and water
CFU
Colony-forming units
Measure of bacteria in water
CMS
Centers for Medicare and Medicaid Services
Medicare
EU
Endotoxin units
Measure of endotoxin in water
FBV
Fiber bundle volume
Another term for TCV
FDA
Food and Drug Administration
US agency that regulates food &amp; drug safety
HD
Hemodialysis
Cleaning the blood with a filter
KDOQI
National Kidney Foundation Kidney Disease
Outcomes Quality Initiative
US clinical practice guidelines
MSDS
Material safety data sheet
Information about a chemical
NIOSH
National Institute for Occupational Safety and
Health
US agency that studies workplace safety
NKF
National Kidney Foundation
Voluntary organization
OSHA
Occupational Safety and Health Administration
US agency that protects workers
PEL
Permissible exposure limit
Amount of a toxic chemical it is safe to be exposed to
QA
Quality assurance
Process for writing and testing policies
QC
Quality control
Process to meet standards
STEL
Short-term exposure limit
Chemical exposure per 15 minutes
TCV
Total cell volume
Volume a dialyzer will hold
TWA
Time-weighted average
Chemical exposure per 8 hour shift
UF
Ultrafiltration
Removal of water in dialysis
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Water Treatment
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FEATURED PATIENT ARTWORK &raquo;
Jessica Hill
I live in North Carolina and was in
the Coast Guard for 3 years. After
being medically retired, I am now on
home hemodialysis. This piece of art
is called “World of Water.” I chose to
sketch this piece because clean water
is one key ingredient to having a long
and healthy life, whether you are a
dialysis patient or you are a regular
healthy person.
I feel that dialysis technicians are vital
to the dialysis world. The first
5 &frac12; years I was in a clinic doing treatment 3 times a week. My health was
extremely bad and I had to depend on
the patient care technicians. Whether
it was connecting me to the machine
or assisting me when my blood
pressure dropped, the process is scary.
Dialysis technicians not only need to
be smart and trustworthy, but also
kind and gentle when it comes to
caring for a dialysis patient.
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Objectives
Water Treatment
After you complete this module, you will be able to:
1. Explain why we treat water for dialysis.
2. List the parts of a dialysis clinic’s water treatment system.
3. Discuss the pros and cons of water softeners, carbon tanks,
reverse osmosis, deionization, and ultraviolet irradiation in water
treatment for dialysis.
4. Describe how to test the water treatment system for bacteria.
5. Outline a typical water treatment monitoring schedule.
A list of the abbreviations used can be found at the end of the module.
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Introduction
We can’t do dialysis without purified water. We
use water to make dialysate, and to flush out
and reprocess dialyzers. Healthy people can deal
with some contaminants (harmful substances) in
the water they drink; stomach acid and healthy
kidneys remove most of them. Dialysis patients
don’t have these protections. Their blood is in direct contact with large volumes of water through
the dialyzer membrane. Contaminated dialysis
water can cause disease—or even death.
To keep patients safe, we pass ALL water for dialysis through a water treatment system. A series
of devices each takes out some contaminants until
the water is clean enough to use.
This module covers why and how we treat water
before it is used for dialysis. It describes:
Common contaminants found in water
The parts of a water treatment system
How we monitor the system
Water Supply
Water is the universal solvent. It will dissolve
most solutes to some extent, in time. As rain
water falls through the air toward earth, it picks
up impurities like carbon dioxide and sulfur
dioxide gases. These dissolve in the water to
make weak carbonic and sulfuric acids—acid rain
(see Figure 1). When rain falls onto limestone
and other minerals, the acid dissolves them. This
forms calcium carbonate and calcium sulfate.
Calcium carbonate is a common impurity in
tap water.
The contaminants in your water will depend on
what is nearby, the season, and the type of local
industry. Fertilizers and pesticides can show up
in water in farming regions. Sewage may be present if there is a flood or other breakdown in city
water treatment.
There are two water sources:1
1. Ground water comes from wells and springs.
It is often higher in ions (e.g., iron, calcium,
magnesium), but lower in microbes (e.g.,
bacteria, viruses, endotoxin).
2. Surface water comes from lakes, ponds, rivers,
and reservoirs. Surface water may be higher
than ground water in pesticides, industrial
waste, sewage, and microbes.
The Environmental Protection Agency (EPA)
regulates drinking water in the US. The Safe
Drinking Water Act passed in 1974 to make water safe for the public to drink. All public water
supplies must meet these standards.2 A system is
public if it:
Has at least 15 connections
Serves at least 25 people for 60 days of the year
Small public water systems may get help from the
government to meet the standards. Private wells
that serve fewer than 25 people do not have to
meet these standards.*
*Water for home HD must also be tested, and
some of these patients may have wells. If well
water can’t be brought up to the standards for
HD, the clinic may need to offer a machine that
does not require water treatment.
Dust
Gases
Impurities
Other substances also dissolve in water, such as:
Sodium chloride (salt)
Fluoride
Nitrate salts
Pesticides
8
Pump Station
Water
table
Additives
Minerals
&amp; impurities
Water
table
Well
Figure 1: How water collects impurities
Figure adapted with permission from the Water Quality Association
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To be safe for the general public, drinking water
is treated to help prevent disease (see Figure 2).3
irst, alum, an aluminum compound, may
F
be used as a flocculant to remove solid
particles from the water and make them
sink to the bottom.
Then, the clearer water on top is passed
through filters to clean it.
Chlorine is used to kill microbes. Since
chlorine gas evaporates, a more stable
compound called chloramine (chlorine plus
ammonia) may be used instead. If chlorine
mixes with substances in water, trihalomethanes (THM) may form. EPA tests found
that chloroform (a type of THM) can cause
cancer. Using chloramines helps assure
water with lower levels of THM.1
Fluoride is used in many places to prevent
tooth decay.
Some cities change the water pH (acid/
base indicator) to reduce the levels of metals
that might leach (dissolve) out of pipes into
drinking water.4
People with working kidneys may drink 10–14
liters of water per week. Standard in-center HD
exposes patients to 270–576 liters of water
per week (see Figure 3).1 Longer and/or more
frequent HD may expose patients to even more
water. Substances in water can enter the blood
through the dialyzer membrane. So, dialysis
water must be free of contaminants.
Lake or Reservoir
Coagulation removes dirt and other particles suspended in
water. Alum and other chemicals are added to water to form
tiny sticky particles called “floc” which attract the dirt
particles. The combined weight of the dirt and the alum
(floc) become heavy enough to sink to the bottom during
sedimentation.
Sedimentation:
The heavy particles
(floc) settle to the
bottom and the
clear water moves
to filtration.
Disinfection: A small amount of chlorine or chloramine is
added or some other disinfection method is used to kill any
bacteria or microorganisms that may be in the water.
Filtration: The water passes
through filters, some made
of layers of sand, gravel, and
charcoal that help remove
even smaller particles.
Figure 2: Water treatment plant
Figure used with permission from the American Waterworks Association
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Storage: Water is placed in
a closed tank or reservoir
for disinfection to take
place. The water then flows
through pipes to homes
and businesses in the
community.
Source: AWWA Drinking Water Week Blue Thumb Kit
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Few towns have water that meet the Association
for the Advancement of Medical Instrumentation
(AAMI) standards. In fact, substances added to
drinking water to make it safe could harm those
on dialysis. To prevent patient harm and equipment damage, we test and treat tap water. NOTE:
In an emergency, a medical director can choose to
use sub-standard water for one treatment.5
Since dialysis uses so much water, even tiny
amounts of contaminants can harm patients.
Patients may have acute or chronic health problems when dialysis water is not treated the right
way. They may even die. With good water treatment, patients may be less likely to get amyloidosis and inflammation, and have a lower risk of
death.6
Devices to treat water for HD must have the US
Food and Drug Administration's (FDA) 510(k)
approval. Equipment that was purchased after
May 30, 1997, and used to treat water for HD
must be FDA approved.5
In the Conditions for Coverage, CMS adopts
ANSI/AAMI RD52:2004 &amp; RD62:2001 for water treatment. Newer standards, which tend to be
more stringent, have been published by AAMI.
This module refers to the current Conditions
for Coverage requirements. Please note that the
Conditions let clinics choose to adopt newer
standards as policy.
No matter when a water treatment system was
set up, water for HD must minimally meet the
standards for:
Bacteria
Endotoxin (toxins in the cell membranes of
some bacteria)
Metals
Trace elements
Salts
Other substances
8
The average
dialysis patient is
exposed to about
360 liters of fluid
per week
The average
person drinks
between 10 and
14 liters of fluid
per week
Figure 3: Comparison of drinking water/dialysis
water volumes
Parts of a Water
Treatment System
It would be convenient if we could pass water
through one machine and make it pure enough to
use for HD. This is not possible. Instead, a series
of components are needed (see Figure 4). Each
one removes different contaminants so the final
product water is safe to use.
We talk about where each part of the water
treatment system is in the terms we use for rivers:
upstream and downstream. Feed water (from outside the clinic) starts upstream and moves downstream. An upstream part comes before a downstream part. How will you know where the parts
of your clinic’s water treatment system are? CMS
requires each clinic to have a schematic drawing of
the system and to label each part—including which
way the water flows in the pipes.5
Water treatment systems will have some or all
of the parts in Figure 4, based on what is in the
feed water. Each system should be tailored to a
clinic. A team of water treatment experts who
know the impact of each part on the system and
on patients should design the system. They must
think about how the local water supply and
treatment may change with the seasons.
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The number and order of devices can be set up to
suit the needs of any clinic. CMS requires all systems to have at least two carbon tanks in series,5
Some other parts may be optional, based on what
is in the source water.
Product water made by the water treatment system
feeds into the distribution system. Water in the
system must always be kept moving. Microbes
grow in stagnant water. In most clinics, after the
last point of use, a return loop carries water back
through the system. This prevents stagnant spots
and lets the clinic use less feed water.
It is the job of the clinic’s medical director to
choose the water treatment system and make sure
it stays in good working order.5
Temp.
Blend
Valve
PG
Pressure
Gauge
Thermometer
PG
Booster
Pump
PG
PG
PG
PG
SP
SP
SP
MultiMedia
Primary
Carbon
Tank
Polisher
Carbon
Tank
Acid Feed
Pump
Pressure
Switch
SP
Water
Softener
Remote
Alarm
RO
Tank
Product Water Loop Return
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Gallon
Storage
Tank
Dialysis Machines
and Other Uses
Ultrafilters
for Bacterial
Retention
(Conical
Bottom)
Distribution
Pump
To Drain
Figure 4: Water treatment system
Figure used with permission from Northwest Renal Network
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Backflow
Prevention Device
All water treatment systems need a reducedpressure backflow prevention device. With the
device in place:7
Contaminants taken out by the water
treatment system can’t get back into the
feed water
Chemicals will stay out of the feed water if
the system fails during a disinfection cycle
Temperature
Blending Valve
Pressure
Tank
PG
RPD
Feed Water
Components
The temperature blending valve mixes hot and
cold water to a standard 77–82&deg;F (25–28&deg;C).
The temperature must stay at this level for
Reverse Osmosis (RO) equipment (see page 248)
to work best:8
A 1&deg;F drop leads to a 1.5% drop in product
flow and an increase in solute removal1
A 1&deg;C drop leads to a 3% drop in product
flow1
Permanent damage to the RO membranes may
occur above 95&deg;F (35&deg;C). To track the temperature, a gauge is placed downstream from the
temperature blending valve.
Booster Pump
The water treatment system needs a certain rate of
water flow and pressure. If flow or pressure is not
high enough or consistent enough, a pump can
help.1 The booster pump goes downstream from
the backflow prevention device and temperature
blending valve. Pressure gauges are placed before
and after the booster pump.
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Pretreatment
Components
Chemical Injection
Systems
Ideal water pH for the RO membrane is from
5.0–8.5.1 If the feed water pH is above 8.5,
carbon filters and RO will not work as well.7 A
chemical injection system may be used to change
the pH. This system will inject a small amount of
hydrochloric or sulfuric acid into the feed water
to lower the pH.
Water pressure going in and out of the filter is
measured with pressure gauges to check for a
pressure drop, or “delta pressure” (Delta pressure
is written as ΔP because the Greek letter delta
means &quot;change.&quot;) As the filter clogs, the ΔP reading rises and the downstream flow drops. The ΔP
limit is set by your clinic’s policy. If the pressure
exceeds this limit, the filter needs to be backwashed or serviced.
A 5 micron filter will
trap particles equal
to or larger than 5
microns.
Submicron filters will
trap particles down to
0.01 microns.
Chemical injection systems have:
A reservoir to hold the chemicals
A metering pump to control the level of
chemicals added to the water
A mixing chamber in the feed water line
Sediment Filters
All feed water has particles. Sediment filters
strain out particles, solutes, and other substances
down to a given size (see Figure 5). A multimedia filter is a common type (see Figure 6). These
filters have layers of media, and each layer retains
smaller and smaller particles as the water flows
through. As particles build up in the bed, the
open channels start to clog. This causes resistance, so less water can reach the downstream
water system parts.
To reduce clogging, the filter is backwashed—flow
through the unit is reversed. Water flows from
the bottom to the top. This rinses out trapped
particles and fluffs up the media.5 Backwashing
can be done automatically or by hand. It is most
often done once a day.
8
Ultrafilters will trap
particles down to
0.001 microns,
including most
microbes.
Figure 5: Filters of different ratings trap progressively
smaller particles
A sediment filter, such
as this one, acts as a
Trapped sediment sieve to trap particles of a
particles certain micron size. Feed
water enters the filter,
passes through the filter
media (where particles are
trapped), and exits the filter.
Filter media
Figure 6: Cartridge filter housing
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Water Softener
Hard water contains minerals that could build
up on and even harm the fragile and costly
RO membrane.1 A water softener can “soften”
water by taking out some of the calcium and
magnesium (see Figure 7). These minerals form
scale (solid particles that settle out of the water).
Water softeners work by ion exchange. Ions of
calcium and magnesium are removed. These
ions are traded for sodium ions, which then form
sodium chloride (salt).
Ion exchange takes place in a “bed” of tiny round
beads of polystyrene resin. The resin beads
are coated with sodium chloride ions, which
have a weak bond to the resin. As hard water
goes through the softener, the resin attracts the
stronger, positively charged ions of calcium and
magnesium. The resin gives up sodium ions of
equal charge.8 When the resin has all the calcium
and magnesium it can hold, and all of the sodium
ions have been used up, the resin bed is exhausted.
It must be regenerated and saturated again with
sodium.
We regenerate water softeners by flushing the resin
bed with water and then with brine (strong salt
water). The resin beads exchange their ions, and
are again coated with sodium ions. The unwanted
positive ions are then rinsed to the drain.8
Inlet
Control assembly
Outlet
Drain line
Most clinics have permanent water softeners.
They have automatic timers and brine tanks that
hold salt pellets and water to form brine. These
water softeners are regenerated on-site. Smaller
clinics may have exchangeable water softeners.
A vendor takes these offsite on a set schedule to
regenerate them.
Test the water for hardness at the start and end
of each treatment day:
Testing at the start of the day ensures that
the softener is working, though it is not
required.
Testing at the end of the day shows how well
the water softener is working and confirms
that the tank is large enough to soften the
water for the whole day.
Both tests should show softened water.5
Never let your water softener regenerate during dialysis. If this were to happen, high levels
of sodium could cause the RO system alarm to
sound. CMS requires the RO system to interlock
with the softener timer so the RO will not work
during regeneration.6
Carbon Tanks
Carbon adsorption systems, or “carbon filters,”
are the main way we remove free chlorine and
chloramine.
We keep chlorine levels at or below 0.5 mg/L
We keep chloramine at or below 0.1 mg/L
Free chlorine may break down some RO
membranes, depending on what they are made
of.1
Brine tank
Resin bed
Salt pellets
Underbed media
Figure 7: Water softener
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Carbon tanks have granular activated charcoal
(GAC) inside. The GAC adsorbs low molecular
weight particles from water, like a magnet attracts
iron. The water treatment system must have
two carbon tanks in series (see Figure 8).5 The
first tank is called the “worker;” the second is the
“polisher.”
M o d u l e
Outlet
Inlet
Sample port
8
EBCT is calculated using the formula:
EBCT=V/Q
V = the volume of carbon in cubic feet
Q = the water flow rate in gallons per minute (gpm)
Media
bed
Like a magnet, the charcoal
adsorbs chlorine, chloramines,
and other contaminants
Underbed media
Figure 8: Carbon tanks
Carbon tanks are mainly used to remove:
Chlorine
Chloramines
Pesticides
Industrial solvents
Some trace organic (living or dead)
substances.
GAC is very porous, and its large surface area
helps remove contaminants from water. GAC
may be made of coal, coconut shells, peach pits,
wood, or bone. GAC used for dialysis should be
acid washed to remove ash and metals that could
leach out, and make the GAC more porous.1
GAC comes in particle sizes, called “mesh”
sizes. A 12 x 40 or smaller mesh size should be
used. The GAC should have an iodine rating (a
measure of carbon adsorption) of greater than
900 to remove enough chloramines.1 Use only
virgin carbon—never use carbon that has been
regenerated. Such carbons may contain residual
contaminants that could harm people on dialysis.
Each tank must have enough carbon to adsorb
the chlorine and chloramines in the amount of
time the water is flowing through it. This time
span is called empty bed contact time (EBCT).
EBCT is calculated based on the volume of GAC
and the maximum water flow rate. CMS requires
at least 10 minutes of total EBCT (or 5 minutes
per tank) to reduce chlorine or chloramine to
levels that are safe for dialysis.5
To calculate the volume of carbon needed, use the
formula: V=(Q x EBCT) / 7.48 (gallons in one
cubic foot of water)
For example, you have a flow rate of 10 gallons
per minute, and you want an EBCT of
5 minutes. Your calculation would be:
V = (Q x EBCT) / 7.48
V = (10 x 5) / 7.48 = 6.68
You need a 6.68 cubic foot carbon tank for each
working and polishing tank.
We can’t disinfect or regenerate carbon tanks.
Backwashing GAC tanks is vital to prevent
premature breakthrough of chlorine and chloramines. As water flows through the tank, it pushes
the carbon granules around. Water channels
form in the carbon and reduce the EBCT of the
tank.
Backwashing fluffs the granules, exposes new
surfaces, and removes the water channels to prolong the life of the GAC. But, backwashing does
NOT remove adsorbed material from the carbon.
When the amount of chlorine or chloramine
coming out of the worker tank exceeds the upper
limit that the GAC can hold, the tank is exhausted. It is removed, the second tank is moved into
the first spot, and a fresh tank is placed in the
second spot.5
Reverse Osmosis
Reverse osmosis (RO) is a way to remove solutes
from a solution using a membrane and pressure.
The RO system has a water pressure pump and a
semipermeable membrane. The RO system is the
most fragile and costly part of the water treatment system. One of the tasks of water pretreatment is to protect the RO system from damage
and help it to work as well as it can.
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RO Process
RO Membrane
In osmosis, water moves on its own through a
membrane to dilute a higher solute level on the
other side (see Module 3: Principles of Dialysis, to
learn more about osmosis). RO uses hydraulic
pressure to push water from a solution with high
solute levels through a membrane.1 Salts and
other contaminants stay behind (see Figure 9).
The contaminants and a waste or reject stream of
water are sent to the drain or back to the feed side
of the RO system. The treated water is used for
dialysis.
Osmosis
Reverse Osmosis
Pressure
The membrane is the key part of the RO system.
It filters out or rejects:
Metals
Salts
Chemicals
Bacteria
Endotoxin
Viruses
The most common type of RO membrane is thin
film composite (TFC), made of polyamide. TFC
membranes have a thin, dense membrane over a
thick, porous substructure for strength (see Figure
10). They are wound in a spiral around a collecting tube (see Figure 11).1 RO can reject 95–99%
of charged ionic particles (e.g., aluminum) and
nearly all (103 to 105) organic and inorganic
substances.1,10
Brine seal carrier/anti-telescoping device
Feed Water
Concentrated
salt solution
Pure water
Pure product
water
Brine seal
Product
water tube
Feed water
Waste/reject
Product water
Figure 9: Reverse osmosis
Feed water
Waste/reject
Membrane and brine spacer
RO System
Cartridge Prefilter
A prefilter is placed just before the RO to remove
carbon fines (small pieces of carbon), resin beads,
and other debris. Pressures gauges should be
placed before and after the prefilter to check for
clogging. Prefilters are low-cost and protect the
expensive RO filter. It is good practice to change
them often.1
Figure 10: RO membrane configuration
Figure adapted with permission from FilmTec Corporation
Mesh Spacer
RO Pump and Motor Assembly
The RO pump is the loudest part of the water
treatment system. The pump is used to raise pressure across the RO membrane.
Membrane
Mesh Spacer
Adhesive Bond
Permeate Carrier
Figure 11: Spiral-wound RO module
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TFC RO membranes have a number of limits:
They must be cleaned and disinfected on a
regular schedule.
They break down when exposed to chlorine
and chloramines.1 Carbon tanks must come
before the membrane to remove these.
Scale can build up and clog the membrane.
Routine cleaning is needed per the manufacturer’s instructions to strip off scale build-up.
Disinfect the membrane per the manufacturer’s
instructions for frequency and type of disinfectant. Feed water temperature, adequate pretreatment, pH, and cleanliness of the RO membrane
surface can also affect the membrane. If the RO
membrane is not working, water quality or
quantity will be reduced.
Deionization
Deionization (DI) removes anions (negatively
charged ions) and cations (positively charged ions)
from water. DI does not remove non-charged
particles, like microbes. Inside the DI tanks (see
Figure 12), beds of electrically charged resin beads
attract and hold cations and anions, and exchange
them for other ions.1 Anions in the water are
exchanged for hydroxyl (OH–) ions. Cations are
exchanged for hydrogen (H+) ions. The OH– and
H+ ions combine to form very pure product water
(H2O).
There are two types of DI systems:
1. DI systems that keep anion and cation resin in
separate vessels are dual bed systems.
2. Mixed bed tanks contain both cation and anion resin beads. Mixed bed tanks make higher
quality water than dual bed systems.1
Most dual bed systems use mixed bed tanks as
polishers. A dual bed system should be followed
by a mixed bed tank.1
8
DI is good at taking out ions we don’t want, but it
does have some risks:
I f all the hydrogen and hydroxyl ions in a DI
tank are exhausted, the resin beads will release
ions they had removed. So, the treated water
may become very acidic (low pH) or alkaline
(high pH). Or, the water may have high levels
of harmful ions such as fluoride. For this reason, CMS strongly urges that clinics not use DI
only to treat water for dialysis.5 DI has caused
most of the water treatment related deaths in
patients.11 DI tanks should be large enough to
treat more water than your clinic will need. DI
must be monitored by resistivity all the time so
the tanks can be exchanged before exhaustion
occurs.
se of DI to treat water that contains chloU
rine will form cancer causing nitrosamines.1
Always use a carbon filter before a DI system so
these chemicals can’t reach patients.5
I does not remove microbes. In fact, the
D
resin bed can support the growth of microbes.
An ultrafilter, or other way to remove microbes,
must be used after (downstream) the DI tank.9
ortable DI tanks are used in a clinic but
P
regenerated off-site. Check to be sure that
resins used for dialysis are not mixed with
industrial resins when the tanks are regenerated. Only medical or food-grade resins should
be used for dialysis DI tanks. Industrial-grade
resins may contain harmful heavy metals and
industrial solvents.1
DI is most often used as an emergency backup to
the RO system. It is rarely used as the main water
treatment. Due to the risks, DI tanks used in
dialysis must use a resistivity meter. This meter
must have an alarm that can be heard and seen
in the patient care room(s).5 Pure water coming from a fresh DI tank system has a resistivity
of 18.3 megohms-cm.5 When resistivity of the
product water drops below 1 megohm-cm:
e alarm sounds.
Th
The product water is sent to the drain or kept
from reaching the point of use.5
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Inlet
Outlet
Newer systems have a UV intensity meter to
check the radiant energy output. If the radiant energy falls below 16 milliwatt-sec/cm2
(the smallest dose that will kill microbes), a
visual alarm will go off to tell you that a new
bulb is needed.1
The UV light may also be placed with the pretreatment components, after the carbon tanks.
This will lower the microbe levels going into the
RO system.
Submicron
and Ultrafilters
Cation bed
Anion bed
Mixed bed
Mixed bed
Figure 12: Deionization tanks
Ultraviolet (UV) Light
The UV light uses invisible UV radiation to destroy microbes. The UV changes the DNA of the
microbes so they die or can’t multiply.1
The UV light uses a low-pressure mercury vapor
lamp housed in a quartz sleeve. Feed water flows
over the quartz and is exposed to the UV light.
To work, the light must be sized for the highest
flow rate your clinic uses.
As the radiant energy of the UV light fades over
time, microbes can grow resistant to the UV
light. They may be able to multiply to harmful
levels unless other means are used to kill them.
The quartz sleeve must be cleaned to stay clear so
the water is exposed to the light. The lamps must
be replaced before they weaken:
With older systems, we track hours of use
and change the bulb at set times. The light
wavelength used must be 254 nanometers
and must provide a dose of radiant energy of
30 milliwatt-sec/cm2.5
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Submicron filters are membrane filters to reduce
microbes in product water. The filters range in
size from .05 down to .001 microns. Ultrafilters
(see Figure 13) are membrane filters that remove
bacteria and endotoxin. They are most often
placed just before the distribution piping. They
must be placed downstream from DI tanks, if DI
is the last step in water treatment.5
Clean and disinfect filters:
n a set schedule
O
Or, when the pressure difference between the
inlet and outlet filter gauges exceeds the limit
set by your clinic5
Solutes are trapped
by tiny pores in the
filter membrane
Figure 13: Ultrafilter
Membrane housing
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Distribution
System
The distribution system brings water to where
it is needed for dialysis. There are two types
of systems:1
1. A direct feed system takes RO water right
to the product water loop for distribution.
Unused product water is sent back to the
RO system and/or to the drain.
2. An indirect feed system takes RO water to
a storage tank. The product water is then
pumped out through pipes to the points of
use. Unused product water is sent to the
storage tank by way of the return loop.
Water Storage
The water storage tank should have a tight-fitting
lid and be vented by a hydrophobic 0.2 micron
air filter. The tank should also have a cone- or
bowl-shaped bottom. This ensures that the tank
will empty all the way, and be easy to disinfect
and rinse. A centrifugal pump made of inert materials is needed to move product water out of the
storage tank and through the distribution piping.5
Chlorine and chloramines are removed during
pretreatment. This means there is nothing in
the product water to prevent the growth of
microbes. The tank and pipes are perfect spots
for bacteria to grow and form biofilm, a slime
they use to protect themselves. For this reason,
we must clean and disinfect the storage tank and
distribution piping at least once a month.5
Water Distribution
Piping Systems
CMS requires a continuous loop for water
distribution piping.5 Unused product water can
go back to a storage tank (or to the RO system,
in a direct feed system) to save water. The loop
should not have dead ends or multiple branches
—these raise the risk of contamination. The
most common material used in piping systems is
polyvinyl chloride (PVC).1
8
To reduce the growth of microbes, the water flow
through the distribution system should be:
At least 3 feet per second for an indirect feed
1.5 feet per second for a direct feed system
Disinfection of
Water Treatment
Systems
Water treatment systems need to stay as free from
contaminants as we can make them. The most
common type of water treatment system disinfection is chemical (e.g., bleach). Ozone and heat
can also be used in systems that are made of materials that will not be harmed by these methods.
Biofilm is a major problem for water treatment
systems. Once it starts to form, it is almost impossible to remove. A good way to avoid biofilm
is by having a well-designed distribution system
and a robust schedule of disinfection to keep it
from forming in the first place. Disinfect at the
FIRST sign of growth—don't wait to reach an
action level. This works better and is less costly
than trying to remove biofilm that has formed.
In some cases, we must replace all or part of the
distribution system to remove biofilm.5
Monitoring a
Water Treatment
System
Water treatment systems are a key part of the care
we give to people on dialysis. They can also be
one of the greatest hazards to patients if they are
not working well. Table 1 lists the tests we use to
monitor each system.
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Table 1: Water treatment testing
Table provided by Heather Paradis
What to Test
Where to Test
Which Test(s) and How Often
RO product water
Water coming out of the RO
product port
Colony count and LAL (Limulus
amoebocyte lysate) monthly
RO loop pre
Water exiting the water storage
tank, before UV or ultrafilters
Colony count and LAL monthly
RO loop return
Water returning from the treatment
floor, before returning to the water
storage tank or RO system
Colony count and LAL monthly
AAMI chemical analysis
at least once a year
Water feeding the bicarb mixer
Water feeding the bicarb mixer
Colony count and LAL monthly
(water sample—not bicarb sample)
Water feeding the acid mixer
(e.g., Granuflo&reg;)
Water feeding the acid mixer
(water sample—not acid sample)
Colony count and LAL monthly
Dialysis machines
Dialysate sample from dialysate
sample port as specified by the
machine manufacturer
Colony count and LAL on at least
2 machines per month so all
machines are tested once per year
Tap water
Feed water port located prior to all
pretreatment devices
AAMI chemical analysis at least
once a year
Portable RO machines
Product water sample
Colony count and LAL monthly
AAMI chemical analysis at least
once a year
Dialysis machines fed by
portable RO machines
Dialysate sample from dialysate
sample port as specified by the
machine manufacturer
Colony count and LAL monthly
Total water hardness
Water exiting the water softener
tank
End of each treatment day
Total chlorine
Water exiting carbon tank #1
(before carbon tank #2)
Before the first patient shift
Water treatment monitoring should be a key
part of your clinic’s quality improvement
program. The only way to know if your clinic’s
system is working is to test each part (see Figure 14).
If things change, such as your town changes how
it treats feed water, you may need to test more
often or change parts of the system.
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Every 4 hours for the rest
of the day
All dialysis clinics should keep in close contact
with the local water treatment plant. Each clinic
should send a letter to the plant at least once
a year. The letter will remind the plant that a
dialysis clinic is present and needs updates on
the status of water treatment. If water treatment
changes, too much of a substance is present,
water mains are flushed, etc., the plant needs to
alert the clinic.
M o d u l e
Mon
Tues
Wed
Thu
Fri
8
Sat
Date
Gauge Readings
Press. Gauge #1 (psi) (Pre-Mixed Bed)
ΔP- Mixed Bed
Press. Gauge #2 (psi) (Pre-Softener)
ΔP- Softener
Press. Gauge #3 (psi) (Pre-Carb1)
ΔP- Carbon Tank #1
Press. Gauge #4 (psi) (Pre-Carb2)
ΔP- Carbon Tank #2
Softener Timer Check
Temperature (&deg;F)
Press. Gauge #5 (psi) (Pre-Filter)
Press. Gauge #6 (psi) (Post-Filter)
ΔP- RO Prefilter
Feed Water TDS
Product Water TDS
Percent Rejection
Feed Flow
Permeate Flow
Feed Pressure
Permeate Pressure
Water Tests
Post-Softener Hardness #1
Post-Softener Hardness #2
Logged By (initials):
Chloramines Tests (&lt;0.1 mg/L)
Before 1st patient shift
Before 2nd patient shift
Before 3rd patient shift
Audit (initials):
Figure 14: Example of a water treatment system log
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How to Monitor
the System Parts
Depth Filters
Temperature
Blending Valve
Check all filters each day by measuring pressure
before and after each filter at normal operating
flow rates. If the ΔP is greater than 10 psi more
than when the filter was new, replace or backwash the filter.7 If a filter comes with a backwash
timer, check the timer setting. Be sure it will
only backwash when no one is dialyzing.
To protect the RO membrane and have a high
enough flow of product water, keep feed water at
77–82&deg;F (25–28&deg;C). If the temperature varies,
the amount and quality of the product water
will vary as well. Feed water that is too hot can
destroy an RO membrane.
Check the temperature blending valve each day
by measuring the temperature after the valve.7
The temperature should be within the set range,
and should not change much from day to day—
unless the device fails.
Backflow
Prevention Device
The main problem with these devices is that they
may reduce water flow and pressure. They must
be tested once a year by someone who is licensed
to test them. If both pre- and post-device pressure can be checked, there should not be a drop
of greater than 10 pounds per square inch (psi)
between the two measures.7
If you can only measure post-pressure, make sure
there is enough pressure and flow. Watch for
pressure change over time to see if the device is
plugging up. The correct pressure level will vary
with each system. You will have to find the baseline and then check for changes. On average, a
large RO will need about 30 psi at 10–12 gallons
per minute.
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Filters are prone to clogging as they trap particles,
which reduces the flow of water.
Water Softeners
CMS requires the RO system to interlock with
the water softener control head, so the RO
system cannot work while the water softener is
regenerating.5
Test the water softener(s) by measuring water
hardness after each softener at the end of each
day:5
Hardness should not exceed 1 grain per
gallon (gpg), which equals 17 parts per
million (ppm).
There should be enough salt in the brine
tank for regeneration. If the salt level is
too high, a “salt bridge” may occur, where
salt hardens at the top and looks full—even
though there is no salt underneath. If the
brine level is too low, the concentration of
brine may be too weak to regenerate.
Check the regeneration timer setting.
Be sure it is set to regenerate when the
clinic is closed.
Carbon Tanks
If the carbon tank comes with a backwash timer,
check the timer setting for the correct time. Be
sure it will only backwash when no one is
dialyzing.
M o d u l e
The water system must be working for at least
15 minutes before you run your first test. If you
take your sample when you start up the system,
you will be testing water that has been in the tank
overnight.5 This will not give you a true sample
of what the carbon tank will produce at normal flow rates. Use test strips that are sensitive
enough to ensure that the levels do not exceed the
maximum allowed.5
RO Device
(Operating Parameters)
Each RO device has its own levels to tell you
how well it is working. Check pressure in several
places including:5
Incoming water (Pressure needs to be
enough to maintain flow through the RO
device. This is most often 10–12 gpm at
30–40 psi, but will vary with each system.)
The pressure of the pump that pushes water
through the membrane
The pressure of the product water
Water flow is also measured in several places with
flow meters:5
Product flow tells you how much purified
water is getting through the membrane
Waste flow tells you how much reject water
is being flushed down the drain
Direct systems may measure how much
product water is recirculated through the
system to blend with the incoming water
Check the RO operating parameters each day for
flow and pressure. Pressure and flow in an RO
system are related. If you reduce the RO pump
pressure, product water flow will drop and so will
waste water flow:
If the product water flow drops without a
change in pump pressure, the RO membrane
may be clogging up.
A reading of ΔP between the pump and
reject pressures can mean fouled or torn
membranes.
8
You will need to know the baseline values for all
pressures and flows in your system, and check on
any deviations. Analyze the trends to watch for
even small changes over time.
We also monitor water quality by checking the
levels of total dissolved solutes in the RO water.
DI Systems
(Operating Parameters)
DI has no moving parts, so the monitoring is
straightforward.
Product water resistivity must be continually
monitored, with a result of resistivity greater than
1 megohm-cm.5 CMS requires that an in-center
DI have an automatic divert-to-drain system
so water from an exhausted tank cannot reach
patients.5
Check ΔP in the DI tanks each day by measuring
pressure before and after the tanks (see Table 2).
When newly installed, there should not be a
pressure drop greater than 10 psi from the normal
operating pressure.7
Water Quality
A chemical analysis of your feed water should be
done from time to time. This will tell you what is
in the incoming water and ensure that the water
will be able to reach AAMI levels. AAMI requires
testing each year for the contaminants in Table 3.
Each day, we also test water quality indirectly.
We do this by checking conductivity for ROs:
Conductivity tells you the level of total
dissolved solids (TDS) in the water, in parts
per million (ppm)
The “% rejection” formula: [1-(output
conductivity/input conductivity)] x 100,
tells you how much of a solute is removed by
the RO membrane
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For example, let’s say that input TDS is 100 ppm,
and output TDS is 8 ppm:
Enter these into the formula: [1-(8/100)]
x 100 = (1-0.08) x 100 = 0.92 x 100
You have a 92% rejection of total dissolved
solids
CMS requires that action be taken when percent
rejection is less than 90%. Your state may have
more stringent limits.5
The conductivity monitor should account for
temperature to give a consistent reading. Set the
alarm at a level of percent rejection that assures
AAMI-quality water. This level will depend on
your raw water analysis.
Since DI water is more pure than RO water, its
conductivity is too low to check accurately. We
monitor the final DI product water for resistance
to the flow of electricity. This is the inverse, or
opposite, of conductivity. Patients must not be
dialyzed with DI water that has resistivity less
than 1 megohm/cm, measured at the DI output.5 You will need to know how the monitor on
your clinic’s DI system works, as they vary. Most
often, an LED will tell you the water quality.
Monitor water quality continually. You must be
able to be hear and see water treatment alarms in
the patient care room(s). Keep the percent rejection of an RO system at a level that will assure
AAMI-quality water (&gt;90%). Keep the resistivity
of DI water greater than 1 megohm/cm.5
Table 2: AAMI monitoring guidelines for water purification equipment, distribution systems, and dialysate9
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Item to Monitor
What to Monitor
Normal Interval
Specification*
Sediment Filter
Pressure drop across the
filter
Special Interval
NA
Daily
Pressure drop less than
XXXX
Sediment Filter
back-washing cycle
Backwash cycle timer setting
NA
Daily—start of day
Backwash clock set to
XX:XX
Cartridge Filter
Pressure drop across the
filter
NA
Daily—end of day
Pressure drop less than
XXXX
Water Softener
Product water softness
NA
Daily—end of day
Hardness as calcium
carbonate less than 1
grain/gallon, unless
otherwise specified by
the RO manufacturer
Water Softener Brine
Tank
Level in tank of undissolved
salt
NA
Daily—end of day
Salt level at XXX
Water Softener
Regeneration Cycle
Regeneration cycle timer setting set to the correct time
NA
Daily—start of day
Softener timer set to
XX:XX
Carbon Adsorption
Beds
Product water free chlorine
and/or total chlorine between
the beds
NA
Before starting each
patient shift
Less than 0.1 mg/L of
total chlorine
Chemical Injection
System
Level of chemical in the reservoir, injector function, value
of the controlling parameter
(e.g., pH)
NA
Daily
Chemical level in reservoir
is greater than or equal
to XXX; controlling
parameter is in the range
of XX-XX
Reverse Osmosis
Product water conductivity,
total dissolved solids (TDS)
or resistivity and calculated
rejection
NA
Per the manufacturer’s Rejection is greater than
or equal to XX%
recommendations
(continuous monitors)
M o d u l e
8
Table 2, con't: AAMI monitoring guidelines for water purification equipment, distribution systems, and dialysate9
Item to Monitor
What to Monitor
Reverse Osmosis
Product and reject flow
rates, and calculated
recovery
Deionizers
Special Interval
Normal Interval
Specification*
NA
Daily (continuous
monitors)
Product water flow
rate greater than X.X
gpm; recovery in the
range of XX-XX%
Product water resistivity
NA
Continuous
Resistivity greater than
1 megohm-cm
Ultrafilters
Pressure drop across
the filter
NA
Daily
Pressure drop less
than XXXX
Water Storage Tanks
Bacterial growth and
endotoxin
Weekly, until a
pattern of consistent
compliance with limits
can be shown
NA
Bacterial count less
than or equal to 50
CFU/mL; endotoxin
less than or equal to 1
EU/mL
Water Distribution
Piping System
Bacterial growth and
endotoxin
Weekly, until a pattern
of consistent
compliance with limits
can be shown
Monthly
Bacterial count less
than or equal to 50
CFU/mL; endotoxin
less than or equal to 1
EU/m
UV Light Sources
Energy output
NA
Monthly
Light output greater
than XXX
Ozone Generators
Concentration in the
water
NA
During each disinfection
Ozone concentration
greater than XXX
Hot Water Disinfection
Systems
Temperature and time
of exposure of the
system to hot water
NA
During each disinfection
Temperature not less
than XX&deg;C; minimum
exposure time at temperature is greater than
or equal to XX minutes
Dialysate
Bacterial growth and
endotoxin
NA
Monthly, rotated
among machines
so that at least two
machines are tested
each month and each
machine is tested at
least once a year
Bacterial growth less
than or equal to 50
CFU/mL; endotoxin
less than or equal to 1
EU/mL
Dialysate
Conductivity and pH
NA
Each treatment
Conductivity within
+ 5% of the nominal
machine value; pH in
the range 6.9–7.6
*NOTE: It is not possible to state operating ranges for each device in the table, since some values are specific
to the system used in your clinic. Where there are Xs in the table, the clinic should define a range based on the
manufacturer’s instructions or measurements of system performance.
Table adapted with permission from AAMI
Dialysate for hemodialysis Table 4 ANSI/AAMI RD52:2004
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Table 3: AAMI standards for chemical contaminants in hemodialysis water9
Contaminant
Suggested Maximum Level (mg/L)
Aluminum
0.01
Antimony
0.006
Arsenic, lead, silver
Each 0.005
Beryllium
0.0004
Cadmium
0.001
Calcium
2.0 (0.1 mEq/L)
Chloramines
0.1
Chlorine (free)
0.5
Chromium
0.014
Copper, barium, zinc
Each 0.1
Fluoride
0.2
Magnesium
4.0 (0.3 mEq/L)
Mercury
0.0002
Nitrates
2.0
Potassium
8.0 (0.2 mEq/L)
Selenium
0.09
Sodium
70.0 (3.0 mEq/L)
Sulfate
100.0
Thallium
0.002
Table adapted with permission from AAMI
Dialysate for hemodialysis Table 1 ANSI/AAMI RD52:2004
Microbial Testing
Contamination of water by microbes is a serious
health risk for patients. High levels of bacteria
and/or endotoxin can harm patients by causing
pyrogenic (fever-causing) reactions and long-term
effects.
Test the parts of your clinic’s water treatment
system for bacteria and endotoxin at least once
a month; more often if problems occur. CMS
requires that we take water samples in the worstcase scenario. This means doing cultures just
before you disinfect the system.6
You must collect water samples the right way for
testing to be accurate. Even small amounts of
disinfectant can keep microbes from growing in
a culture. Use alcohol only and let the sample
ports dry fully before you draw the culture
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sample(s).1 Run water for one minute and then
collect the sample in a sterile cup.
Test water:
Used to make reprocessing chemicals
Used to rinse and clean dialyzers
From a storage tank, if one is used
Leaving the RO unit (and/or deionizer, if
used)
At the start, middle, and end of the distribution loop
Used to make concentrate solutions
Used to make dialysate; test at the point it
enters the dialysis machine
M o d u l e
Bacteria
Some bacteria help humans. Others (pathogens)
cause disease. Bacteria that are harmless on the
skin may become pathogens if they enter the
blood. Gram-positive bacteria turn purple when
using Gram&acute;s stain. Gram-negative bacteria do
not retain any stain. Both types can form biofilm
slime that clings to surfaces like dialysate jugs,
pipes, tanks, or feed hoses. The slime protects the
bacteria from disinfectants, which makes it very
hard to remove.
With the right pH, food, and a warm temperature, bacteria can multiply very quickly. A tear in
the dialyzer membrane can let bacteria enter the
patient’s blood, causing sepsis (blood poisoning).
AAMI has standards for bacteria in US dialysis
water:9
acteria must not exceed 200 colony forming
B
units (CFU) (number of living bacteria) per mL
The AAMI action level for bacteria in water
for dialysate is 50 CFU/mL
For ultrapure dialysate, the level should be
less than 0.1 CFU/mL
An “action level” is the point when measures
must be taken to meet AAMI standards. The
clinic must show that it took some action (e.g.,
disinfection, retesting) to lower the bacteria count
if the action level is reached.
Endotoxin
Endotoxin is part of the cell walls of some
Gram-negative bacteria. When these bacteria
die, endotoxin is released. Endotoxin itself is not
alive, so it can’t be killed. Endotoxin in bacteria
cell walls can get into the patient’s blood through
the dialyzer membrane—even if it is not torn. If
this happens, a pyrogenic reaction may occur, and
the patient may have:
8
The endotoxin level must be:9
Less than 2 EU/mL (endotoxin units/mL),
with an AAMI action level of 1 EU/mL
Ultrapure dialysate must have an endotoxin
level less than 0.03 EU/mL
Caring for Samples
Process samples for bacteria testing within 1–2
hours or put them in a refrigerator right away
and process them within 24 hours. Test bacteria
samples using a membrane filter technique or a
spread plate technique. Tryptic soy agar (TSA)
is the medium of choice for testing water and
dialysate samples. Do not use:5
The calibrated loop – too small a sample size
(either 0.01 or 0.001 cc).
Blood or chocolate agar – too nutrient-rich
for water-borne bacteria. They could die
rather than multiply.
Test for endotoxin with a limulus amoebocyte lysate (LAL) test (this test will reveal the presence of
gram-negative bacteria that can form endotoxin).5
Preventing Bacterial Growth
Water in the product water distribution loop
should have a flow rate of at least 3 feet per
second.5 This high flow rate creates friction along
the wall of the tubing, which can help keep bacteria from growing onto the sides of the pipe.
To calculate the flow rate, install a flow meter at
the end of the loop and know the size of piping
used. Water flowing at 10 gallons per minute will
move much faster through a &frac12;-inch pipe than
it will through a 1-inch pipe. Disinfect at least
monthly to prevent bacterial growth.5
Chills
Fever
Low blood pressure
Nausea and vomiting
Muscle pains
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Chemical Monitoring
You must do a chemical analysis of the water at
least once a year. Draw the sample from a sample
port right after the RO or DI system. Per CMS,
the water treatment system must work within the
AAMI standards at all times.5 AAMI has set the
highest levels of contaminants that can be in the
product water (see Table 3).
Chlorine and Chloramines
The chloramine “family” includes:
Chlorine gas (often used to kill bacteria,
fungi, and viruses in drinking water)
Chlorine bleach
Chloramines are made by mixing chlorine and
ammonia. They are used by cities when a longacting chlorine is needed. Chloramines can also
form in nature, when chlorine combines with
organic material.
Chloramines are strong oxidants. They react with
oxygen to destroy cell walls—including red blood
cells. Patients exposed to high levels of chloramines may have:
Methemoglobinemia - red blood cells can’t
carry oxygen
Hemolysis - red blood cells burst open
Hemolytic anemia - a shortage of red blood
cells due to red blood cell breakdown
We test water for chlorine and chloramines with
colorimeters, color comparators, and test strips.
Since we read these tests by looking at colors, the
person doing them must pass a color blindness
test, or a digital meter must be used.5
Th
e limit for chlorine is 0.5 mg/L
The limit for chloramines is 0.1 mg/L
There is no direct test for chloramines, so to
measure chloramines you must do two tests, one
for total chlorine and one for free chlorine. The
chloramine level is the difference between the
two test results. For example, if your measured
total chlorine is 1.2 ppm and your measured free
chlorine is 0.8 ppm: 1.2 – 0.8 = a chloramine
level of 0.4 ppm.
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It is permitted, per AAMI, to test only for total
chlorine:
If the test is sensitive enough to detect low
levels and if action is taken for any results
greater than 0.1 ppm
A zero reading for total chlorine means there
cannot be any chloramines present
The importance of careful testing for chlorine/
chloramines cannot be stressed enough. Patients
exposed to water with these contaminants will be
harmed and could die. CMS requires that we test
for chlorine and chloramines:5
At the start of each treatment day
At the start of each patient shift
About every 4 hours if your clinic does not
have set shifts
Sodium and Potassium
Sodium and potassium are electrolytes that must
be kept at very precise levels in the blood. Electrolytes send electrical signals along the nerves
to the muscles—including the heart. They are
added to dialysate to make sure that blood levels
are kept within the normal range.
AAMI says water used for dialysis should contain
no more than 70 mg/L (3.0 mEq/L) of sodium
and 8 mg/L (0.2 mEq/L) of potassium.9 Sodium
and potassium are removed by RO or DI.
Calcium and Magnesium
Hard water contains calcium and magnesium. If
too much of these minerals reach patients, the
result may be “hard water syndrome.” This can
cause:
Nausea and vomiting
Muscle weakness
Severe headaches
Skin flushing
High or low blood pressure
Calcium crystals in the soft tissues of the patient’s body over time, causing pain, injury,
or death
M o d u l e
Too much calcium or magnesium can also cause
scale to form, which can clog equipment and
damage the RO membrane. The AAMI standards are no more than 2 mg/L (0.1 mEq/L) of
calcium and no more than 4 mg/L (0.3 mEq/L)
of magnesium.9
Fluoride
Fluoride is added to drinking water in many areas
as a public health measure to help prevent tooth
decay. Levels of fluoride in drinking water may
vary from day to day. Water treatment needs to
protect patients from high levels of fluoride.
Many dialysis patients are prone to bone disease.
Some who have long-term exposure to fluoridated
water develop osteosclerosis (hardening of bone
and/or bone marrow). Other symptoms of too
much fluoride include:
Nausea and vomiting
Muscle twitching
Low blood pressure
Seizures
AAMI says there should be no more than 0.2mg/L
of fluoride in dialysis water.9 Fluoride is removed
by RO or DI.
Nitrates
Nitrates can be found in harmful amounts in
water from some wells, due to bacteria or farm
fertilizers. Nitrates can harm patients by keeping red blood cells from using oxygen. This is
called methemoglobinemia. A patient with this
problem will have cyanosis—blue skin, lips,
gums, and fingernail beds—from the lack of
oxygen. They may also have low blood pressure
and nausea.
AAMI recommends a nitrate limit in dialysis
water of no more than 2.0 mg/L.9 Nitrates are
removed by RO or DI.
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Sulfates
Sulfates (salts or esters of sulfuric acid) in levels
greater than 200 mg/L can cause:
Nausea and vomiting
Metabolic acidosis (high blood acid levels)
AAMI recommends a sulfate limit in water used
for dialysis of no more than 100 mg/L.9 Sulfates
are removed by RO or DI.
Aluminum
Aluminum, a common earth metal, may occur in
the local water supply. Or, it may be added (as
alum) to make water clearer by removing algae,
sediment, and silt. In healthy people, only small
amounts of aluminum are absorbed from the diet.
The kidneys remove the rest.
When the kidneys fail, aluminum can build up in
the brain and bones. High aluminum levels are a
cause of anemia in dialysis patients. Damage to
the nervous system and fatal encephalopathy (brain
disease) can occur. This is called dialysis dementia
and can lead to:
Confusion
Loss of short-term memory
Personality changes
Speech problems
Muscle spasms
Hallucinations
Seizures
Impaired thinking
Death
Long-term exposure to high levels of aluminum
has also been linked with aluminum-related bone
disease (ARBD). ARBD can cause:
Bone pain
Muscle weakness
Fractures
Dialysis water is a key source of toxic aluminum
for patients. Ionized aluminum can cross the
dialyzer membrane and move into the patient’s
blood.
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Dialysis equipment, too, may be a source of
aluminum. In 1992, a pump made with aluminum was placed on an acid distribution system.
Three patients died and others had high aluminum levels.11 Clinics should check the design of
their water treatment, concentrate, and dialysate
delivery systems, and test patients’ blood aluminum levels.
Since aluminum builds up in the bodies of
dialysis patients, AAMI says aluminum levels in
dialysis water should be very low—no more than
0.1 mg/L.9 Aluminum can be removed by RO or
DI. Since aluminum levels in local water supplies
can vary with the season, experts suggest testing
water used for dialysis for aluminum more than
once a year.
Copper and Zinc
Water, especially acidic water, can leach copper
out of plumbing pipes. The use of galvanized iron
in the water treatment or distribution system can
cause high zinc levels in the water.
In the patient’s body, too much copper can cause:
Nausea
Vomiting
Headaches
Chills
Pancreatitis (painful inflammation of the
pancreas)
Metabolic acidosis
Liver damage
Fatal hemolysis
High zinc levels can cause:
Nausea and vomiting
Fever
Anemia
AAMI says an upper limit for copper and zinc in
dialysis water should be no higher than
0.1 mg/L.9 Copper and zinc can be removed by
RO or DI.
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Arsenic, Barium, Cadmium,
Chromium, Lead, Mercury,
and Selenium
Each of these trace metals are regulated in drinking water by the Safe Drinking Water Act, as seen
in Table 4. AAMI standards for a number of
contaminants are shown in Table 3. Each can be
removed by RO or DI.
Patient Monitoring
As you’ve learned in this module, we monitor
water quality to protect patients and to protect
equipment so it can protect patients. Failure of
one or more parts of the water treatment system can cause serious illness—or death. Patient
monitoring of water quality should include:
1. Routine blood tests – High levels of toxic
substances in patients’ blood (e.g., aluminum), or substances that should not be
found in the blood, need more study.
2. Patient symptoms – During treatment,
patients may have acute (sudden onset)
symptoms. There are many causes for some
symptoms, like nausea or low blood pressure—and water may be one of them. If
two or more patients have similar symptoms at the same time, there may be a
problem with a water treatment or delivery system (if a central dialysate delivery
system is being used). If you suspect a water
quality problem, put the dialysis machine in
bypass mode, and check the water treatment
system right away. In some cases, treatment
will be stopped. Table 5 lists some patient
symptoms and the water contaminants that
may cause them.
M o d u l e
Table 4: EPA national primary drinking water standards3
Contaminant
Table 5: Symptoms potentially related to water contamination11
Maximum Contaminant
Level (mg/L)
Sign or Symptom
Possible Water
Contaminant-Related Cause
Anemia
Aluminum, chloramines,
copper, zinc
2, 4-D
.07
Antimony
.006
Arsenic
.010
Bone Disease
Aluminum, fluoride
Atrazine
.003
Hemolysis
Barium
2.0
Chloramines, copper,
nitrates
Benzene
.005
Hypotension
Beryllium
.004
Bacteria, endotoxin, nitrates,
calcium, magnesium
Bromate
.01
Metabolic acidosis
Low pH, sulfates, copper
Cadmium
.005
Carbon tetrachloride
.005
Chloramines
MRDL*=4.0
Chlordane
.002
Chlorine (Cl2)
Muscle weakness
Calcium, magnesium
Nausea and vomiting
Bacteria, calcium, copper,
endotoxin, low pH,
magnesium, nitrates,
sulfates, zinc
MRDL*=4.0
Neurological deterioration
Aluminum
Chlorobenzene
.10
Fever, chills
Chromium
.10
Bacteria, endotoxin,
copper, zinc
Cyanide
.20
Severe headaches
Copper
Dichloromethane
.005
Hypertension
Dioxin
.00000003
Calcium, magnesium,
copper, sodium
Fluoride
4.0
Liver damage
Copper
Lead
.015
Mercury
.002
Nitrate (Nitrogen)
10
Nitrite (Nitrogen)
1.0
PCBs
.0005
Selenium
0.05
Thallium
.002
Toluene
1.0
*MRDL = Maximum residual disinfectant level;
the highest level of a disinfectant allowed in
drinking water
8
Conclusion
A well-designed water treatment system can
protect your patients. Knowing why and how
we treat the water and the type of system in your
clinic is crucial. You play a vital role in making
sure that water is safe for patient use. Each time
you check a monitor, record a meter value on a
log sheet, or test a part of your clinic’s system for
microbes, you are helping to ensure safe, quality
patient care.
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Abbreviations List
Acronym
What It Stands For
Meaning
ΔP
Delta pressure
Change in pressure level
AAMI
Association for the Advancement of Medical
Instrumentation
Organization that sets standards for dialysis equipment and water
ARBD
Aluminum-related bone disease
Bone disease caused by aluminum exposure
CFU
Colony-forming units
Measure of bacteria in water
Cfu/mL
Colony-forming units per milliliter
Measure of bacteria in water
CMS
Centers for Medicare and Medicaid Services
Medicare
DI
Deionization
Process to remove ions
EBCT
Empty bed contact time
How long feed water must touch GAC in a carbon tank
EPA
Environmental Protection Agency
US agency that protects air &amp; water
EU
Endotoxin units
Measure of endotoxin in water
FDA
Food and Drug Administration
US agency that regulates food &amp; drug safety
GAC
Granular activated carbon/charcoal
Porous carbon that adsorbs chemicals
GPG
Grains per gallon
Measure of water hardness
GPM
Gallons per minute
Rate of water flow
H
Hydrogen
A chemical element
+
H2O
Water
Two hydrogen plus one oxygen molecules
HD
Hemodialysis
Cleaning the blood with a filter
LAL
Limulus amoebocyte lysate
A test for endotoxin
mEq/L
Milliequivalents per liter
A unit of measurement
Mg/L
Milligrams per liter
A unit of measurement
OH-
Hydroxyl ions
Oxygen plus hydrogen
PPM
Parts per million
Measure of chemical level
PSI
Pounds per square inch
Measure of pressure
PVC
Polyvinyl chloride
A plastic used for water pipes
RO
Reverse osmosis
A water purification step
TDS
Total dissolved solids
All organic and inorganic substances in water
TFC
Thin film composite
Common RO membrane material
THM
Trihalomethanes
Cancer causing substances
TSA
Tryptic soy agar
A medium for growing cultures from water samples
UV
Ultraviolet
Invisible spectrum of light
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FEATURED PATIENT ARTWORK &raquo;
Alton Satterwhite
I have been on dialysis for almost 5
years. I love to draw and often spend
time sketching while doing dialysis.
My mother died recently and this is
dedicated to her. I have had diabetes
since I was a teenager which resulted
in renal disease.
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After you complete this module, you will be able to:
1. Assess the feasibility of a preceptor program at your dialysis clinic.
2. Describe four educational models that can be used to train new
dialysis technicians.
3. Explain how adult learning principles are used for dialysis
technician training.
4. List three techniques you can use to improve communication with
trainees.
M o d u l e
Introduction
Welcome to precepting! If you are reading this
module, you may be in the process of setting up
a new preceptor program in your clinic. Or, you
may have been asked to become a preceptor and
teach new technicians. Either way, this module
contains information that can help you succeed.
The aim of the Core Curriculum for the Dialysis
Technician is to provide basic “why and how”
background on tasks trainees must learn. Use it
with your clinic's own policies and procedures
manuals and a well-thought-out preceptor program to help improve training.
Scope of Dialysis
Technician
Practice
Across the nation, dialysis technicians are taking
on more tasks that can affect patient safety and
well-being. Depending on the state, your clinic,
and the job description, these tasks may include:
Setting up dialysis machines
Doing equipment safety checks
Giving local anesthetics
Cannulating with large needles
Giving IV heparin and sodium chloride
Monitoring patients during treatments
Taking vital signs
Documenting their work in the patient
care record
Maintaining machines
Reprocessing dialyzers
Testing and maintaining water treatment
equipment
As part of the CMS Conditions for Coverage in
April 2008, CMS now requires dialysis technicians to be certified. They must pass a validated
state exam or a nationally recognized exam.
9
CMS Technician Standard
in the Conditions for Coverage
CMS-CFC &sect;494(e)1
Standard: Dialysis technicians.
Dialysis technicians must—
(1) M
eet all applicable State requirements for education,
training, credentialing, competency, standards of practice,
certification, and licensure in the State in which he or she is
employed as a dialysis technician; and
(2) H
ave a high school diploma or equivalency; and
(3) H
ave completed a training program that is approved by the
Medical Director and governing body, under the direction of
a registered nurse, focused on the operation of kidney dialysis
equipment and machines, providing direct patient care, and
communication and interpersonal skills, including patient
sensitivity training and care of difficult patients. The training
program must include the following subjects:
(i)Principles of dialysis (see Module 3).
(ii)Care of patients with kidney failure, including interpersonal skills (see Module 2).
(iii)Dialysis procedures and documentation (see Module 6),
including initiation, proper cannulation techniques (see
Module 5), monitoring, and termination of dialysis.
(iv)Possible complications of dialysis (see Module 6).
(v)Water treatment and dialysate preparation
(see Module 8).
(vi) Infection control (see Module 6).
(vii)Safety (see Modules 4 and 6).
(viii)Dialyzer reprocessing, if applicable (see Module 7).
*C
ore Curriculum modules where information can be found are
listed in parenthesis.
(4) B
e certified under a State certification program or a national
commercially available certification program, as follows—
(i)For newly employed dialysis technicians, within 18
months of being hired as a dialysis technician; or
(ii)For dialysis technicians employed on October 14, 2008,
within 18 months after such date.
Standard: Water treatment system technicians.
Technicians who perform monitoring and testing of the water
treatment system must complete a training program that has
been approved by the Medical Director and the governing body
(see Module 8).
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Why Have a Training
Program at Your
Clinic?
As you think about a training model for your
clinic, assess these five important areas:
There are a number of good reasons why your
clinic might choose to start a preceptor program:
Do you have a motivated leader on staff who
can pull the program together, present it to
administration, and make it work? Is your
clinic’s leadership open to thinking about new
ways to train staff?
training program can be a cost-effective
A
way to orient and boost the competence
of new staff. Technician trainees are not
full-fledged staff members until they have
learned the theory and clinical skills they will
need, and they meet all CMS requirements.
Taking on volunteer trainees from local
colleges or tech training schools can further
reduce costs.
Having a training program can enhance the
professionalism of your current staff. Choosing top staff members to be preceptors is a
way to recognize their performance.
The value placed on learning will make your
clinic more appealing to prospective employees. It can help you attract and retain
quality staff.
For a trainee, the novice role can reduce
new-job stress and clear the way for more
thorough learning.
The atmosphere that surrounds a thriving
training program is contagious to all of the
clinic’s staff. This can improve the quality of
care for patients.
Feasibility
Does a training program make sense for your center? In general, a training program will be most
cost-effective when there will be an ongoing need
to train technicians. This is true whether your
clinic prefers to hire and train new staff one at a
time or in small groups. Working with college or
vocational programs can reduce the time, effort,
burden on staff, and costs of training.
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1. Leadership
2. Coordinator time
Do you have a willing coordinator who can make
the time to troubleshoot, match up preceptors
with trainees, and work out schedules?
3. Preceptors
For a training program to work, you will need excellent staff who are willing to take on the added
tasks of training and evaluating others. Do you
have as many potential trainers as you’ll need?
4. Flexibility
Any new training program will need fine-tuning
after you get it started. Can your clinic adapt
to changes and be sensitive to the needs of new
preceptors and trainees?
5. Funding
Does your clinic have funds to develop a program, gather resource materials, and support
preceptor staff time (and perhaps trainee) salaries?
If you answer “yes” to the above questions, you
may be ready to start a training program. You’ll
need to choose qualified trainers or work with an
approved training program to bring them in. A
learn-as-you-go policy may, in time, create good
preceptors. But, taking an active approach will
yield more consistent and positive results.
M o d u l e
Models to Train
New Technicians
Training programs can differ. The models below
can help you sort out what might work best for
the resources and staff you have.
On-the-Job Training
Some clinics can offer new hires full-time, paid
training, often for a few weeks. This model may
combine part-day classroom work with part-day
supervised patient care time. The trainee gets to
learn in a real-life setting while the trainers ensure
safe patient care. Patients in these settings may
feel a bit like guinea pigs; they will need to be
told their rights with respect to trainees. Trainees
are on probation until they prove themselves and
complete all training tasks.
Private Training Colleges, Universities,
or Vocational Programs
In this model, trainees pay for their own training,
in the hope that it will lead to a paid job. Learning takes place in a supportive classroom setting
that allows mistakes (i.e., no patients are present
when trainees learn machine set up and maintenance). Classroom teachers have time to spend
with trainees that incenter preceptors may not.
Trainees who do well may then be paired with
a buddy or preceptor to learn hands-on patient
care. If your clinic works with one or more of
these programs, you can screen trainees during an
unpaid internship to see if they would be good
hires.
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Independent Study
and Clinical Training
Your clinic may hire trainees and ask them to
complete Core Curriculum modules on their
own. Staff will need to decide which modules to
use and in what order. The trainee would then
“shadow” a clinically competent “buddy” who
would teach skills and procedures. This model
runs the risk of causing stress among trainees,
who then may not learn as well. It would help to
set up weekly planning meetings with the trainee
to assess progress and answer questions. It’s also
best if the trainee answers to as few staff people
as possible to avoid confusion. One staff person
needs to be assigned to follow the trainee’s progress and offer feedback. In time, this approach
could be molded into a more formal preceptor
program.
Group Study
and Clinical Training
Theory and key background can be taught to
small groups of trainees, using the Core Curriculum and background from your clinic. An expert
staff member is on hand to answer questions, and
trainees can learn from each other. The drawback
of this model is that it is hard to tailor learning
when all trainees receive the same lesson at the
same time. Some may be bored; others may left
behind and not grasp key concepts. Students in
a classroom can be assessed quite easily, but each
novice’s clinical skills will also need to be measured. This could, perhaps, be done by a clinical
“buddy” in a clinic. In time, this approach could
be also molded into a more formal preceptor
program.
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Planning a Training
Program
How do you get your training program off the
ground? It would be convenient if this manual
could just tell you to do A, B, C, and D, but your
program will only work if it is tailored to meet
the needs of your clinic. These steps can help you
get started:
Assess Your Clinic
Take stock of your clinic:
How many new employees will need to be
trained?
How will you assess their skills and education during the hiring process?
What resources and personnel can you use
for training?
Which model is the best fit for your current
situation?
You must know your needs before you can plan
to meet them with a training program. Prepare
one or more surveys to ask current technicians,
RNs, and administration what knowledge gaps
must be filled and what your priorities will be.
Talk informally to patients, too. The next step is
planning your program.
Plan
You will need to set up a structure and personnel
for your training program, and assign a realistic
budget. Someone will need to match buddies or
preceptors to trainees. The buddy or preceptor
will follow the trainee’s entire training and assess
clinical and technical skills. Your clinic will need
a space to store training materials and records
(some examples are included in this module).
Each trainee will need a folder with his or her
name on it in this drawer.
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Each buddy or preceptor can then set up a pretraining meeting with the trainee. This meeting
will need to cover the program’s purpose, your
clinic’s philosophy, a realistic time frame, goals,
and learning objectives.
Learning objectives must be measurable, achievable, written in concrete terms and clear, without
jargon. They may be designed for daily or weekly
use. A weekly learning objective might be: By
the end of the first week, the trainee should be
able to:
I dentify different parts of the machine and
describe their functions
Define the basic principles of diffusion,
osmosis, and filtration
Identify the parts of a human kidney on an
unlabeled diagram
Compare normal kidney functions to those
of the dialyzer and delivery system
The buddy or preceptor can tailor training to
your clinic's needs using your center’s orientation
packet, policies and procedures, etc. Each module of the Core Curriculum has learning objectives
(posttests and posttest answer keys are at the end
of this module). A preceptor decides what the
trainee needs to work on and gathers resources
so the chosen activities can take place on the
planned timeline. A buddy may need help from a
supervisor to guide the trainee’s experience.
Implement
Now that your plan is in place, you can put it
into action. Using the Core Curriculum, the
preceptor or buddy’s supervisor can tailor lessons
to the knowledge level of the trainee and the
job skills that he or she needs to gain. As the
trainee works through the Core Curriculum, the
preceptor or buddy will need to take some time
to answer questions, clarify, and check posttest
results. Constant assessment and feedback slowly
let the trainee start to work independently at a
higher level.
M o d u l e
While you start your program, be sure that your
trainers have enough time for their new roles. An
RN preceptor should not also be charge nurse.
Besides shadowing the preceptor’s shift, it’s best
to build in time for the preceptor and trainee
to have weekly planning meetings and feedback
sessions.
A preceptor can tailor training to the center’s
needs by changing the order of the Core Curriculum modules and the steps in the trainee’s
learning program. Some key concepts and figures
are seen in more than one module. This can help
trainees see how the concepts might apply across
different contexts.
From time to time throughout and at the end of
each module, the preceptor should make notes
on the trainee’s progress. Feedback to and from
the trainee should be included. A more thorough
picture will emerge if the trainer adds anecdotal
observations to the formal learning assessments.
Evaluate
How do you know if your technician training is
working? One way to tell is the caliber of staff
you are turning out. You will need feedback to
know how each trainee is doing and how well the
training program is working to bring new staff
members up to speed (See Figures 1 and 2).
To assess your program, compare it against a set
of measurable benchmarks your clinic staff can
agree on. These should be clear to all, achievable,
and consistent with the resources and philosophy
of your clinic. The results can help suggest ways
to improve the program. Most evaluations are
done to answer these types of questions:
1. How well is the program doing?
2. What aspects of the program have unmet
challenges?
3. How do our learners rate our program?
4. What benefits can we document from having
a training program (for example, cost savings,
better quality of care, fewer errors, fewer
CMS citations, less staff turnover, etc.)?
Preceptor Do’s and Don’ts
DO:
9
2
e an excellent role model
B
Meet briefly with your trainee at the start of the
day to talk about goals and answer questions
Address problems right away, in an appropriate
manner
Tell the trainee and the staff if there are unplanned absences
Remember what it felt like to be a trainee
Be professional in your attitude and appearance,
and regarding patient confidentiality at all times
Try to give your trainee adequate breaks and time
to eat a meal
Give positive feedback
DON’T:
Engage the trainee in gossip
Impede learning by giving a trainee only “busy
work”
Always use the same teaching method
Do anything to a trainee that you would not
want done to you!
Fine-tuning and troubleshooting your program
based on feedback will build flexibility and continued professional growth.
What is a
Preceptor?
A preceptor is a committed, expert staff person
who works one-on-one to guide new trainees.
A preceptor designs and oversees the learning
process. In some clinics, a trainee may “shadow”
a preceptor (or an informal buddy). The pair will
be given the same shifts for weeks or months, or
until the learning objectives are met. The preceptor will choose patients for the trainee to care for
to provide a balanced learning experience.
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Sample Evaluation of the Dialysis Clinic
Please take a few minutes to tell us about your dialysis clinic training. What you write will be
kept in strict confidence. We will use the results to help improve our training program.
Dialysis Clinic: ____________________________________________________
Dates: From _________________________ to __________________________
1. How well did the clinic meet your training needs?
____ Very well ____ Average ____ Below average ____ Poor
Comments:
2. How available were the staff to teach and supervise you during training?
____ Very ____ Somewhat ____ Not very ____ Not at all
Comments:
3. How would you rate the overall quality of teaching you received?
____ Excellent ____ Average ____ Below average ____ Poor
Comments:
4. How well did the clinic offer hands-on activities to help you learn?
____ Very ____ Somewhat ____ Not very ____ Not at all
Comments:
5. How could the training program be improved for future trainees?
Comments:
Figure 1: Sample evaluation form
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M o d u l e
New technicians who come to your clinic bring
unique backgrounds and skill sets. They may
have a high school diploma, a 4-year degree, or
something in between. Depending on your state’s
laws, new trainees may be able to do some tasks,
but not others, and will need to follow certain
rules. They will need to learn job tasks, as well as
the routines and personalities that are unique to
your clinic.
There are many roles a preceptor may take.
Below are the most common ones.
Teacher
The teacher preceptor is an expert guide. He or
she shows the right techniques and shares new
content in an organized, stimulating way that aids
understanding. As a teacher, the preceptor helps
the student integrate theory with practice. The
teacher/preceptor will assess the trainee’s learning needs. This assessment will be used to plan a
tailored outline and learning plan. The preceptor
observes while the trainee tries new procedures
and offers help when needed. Careful supervision, on-the-spot feedback, and objective evaluation help the learner stay on track.
Support Person
The trainee may feel overwhelmed by the sheer
volume of new content to master. The support
person preceptor can help. He or she can offer a
realistic time frame for the trainee to gain a comfort level with the new job duties and motivation
to keep learning. The support person can also
help the trainee meet coworkers and include him
or her in clinic social functions.
Role Model
The role model preceptor serves as an example of
good work habits, behavior, and attitudes toward
patients and administration. New trainees seek
clues about how to best fit into the work place.
Are other employees conscientious or careless?
Do they follow procedures or take shortcuts?
Do they respect patients at the work stations and
in the break room? Trainees are watching for
9
whether you just talk the talk or also “walk the
walk.”4 A caring preceptor can be a powerful,
positive influence on a new technician.
Resource Person
The resource person preceptor knows kidney disease, dialysis, issues facing patients and staff, and
day-to-day clinic functions. As a resource person,
he or she answers questions and explains policies.
The preceptor does not need to know it all—but
does need to know where to look for answers. A
key duty of a resource person is to make sure the
trainee knows where to find the clinic’s reference
materials and manuals.
Mentor
The mentor preceptor is an established staff
person who guides the career growth of a new
worker. The process can be formal or informal.
A staff nurse or long-term technician might advise a trainee to think ahead to improve knowledge and credibility. He or she might also advise
the trainee to become an active member of a
professional group.
Developing
Preceptors
Workshops or classes are formal ways of developing would-be preceptors. Courses may be given
through a hospital in-service department, private
companies, colleges, or staff who have taken the
time to research the topic.
Self-learning content is an option as well. Useful
topics might include:
ackground on preceptor and trainee roles
B
Expectations
The adult learner
Teaching and learning principles
Communication skills
Stress and time management
Performance evaluation
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Evaluating your Preceptor
Instructor’s Name: __________________________________________________
Dates of rotation: From ______________________ to_____________________
1. How good of a job did your preceptor do teaching you the technical skills of dialysis?
____ Excellent ____ Average____ Below average ____Poor
Comments:
2. How well did your preceptor help you put the theory you learned into dialysis practice?
____ Very well ____ Average____ Below average ____Poor
Comments:
3. How good of a job did your preceptor do teaching you problem solving skills?
____ Excellent ____ Average____ Below average ____Poor
Comments:
4. How available was your preceptor when you needed to practice and test your skills?
____ Very ____ Average____ Below average ____Poor
Comments:
5. How fair was your preceptor during skills testing?
____Very fair ____ Fair ____ Unfair____ Very unfair
Comments:
6. How creative and motivating was your preceptor as a clinical teacher?
____ Very ____ Average____ Below average ____Poor
Comments:
7. How could the preceptor improve as a clinical educator?
Comments:
Figure 2: Sample evaluation form
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The Technician
Trainee as an
Adult Learner
Most dialysis technician trainees will want to learn
what you are helping them to master. Their jobs
will depend on it—and so will the safety of the
patients they help care for. As adults, technician
trainees are self-directed and self-motivated learners. The content you provide is highly relevant to
their lives.
You can’t force someone to learn. Instead, teaching aids in learning through steps that build on
each other. Ongoing assessment, planning, and
evaluation help you tailor the trainee’s learning experience to meet his or her needs. Don’t just tell
your trainee how to do something. Guide him or
her to an answer by asking questions and giving
feedback. Having the trainee take an active role
can lead to better learning.3
Be prepared. It will help you to stay calm and
allow you to make good use of “teachable moments” that arise in the course of a shift. Thinking of learning objectives and methods ahead of
time will help you to be more organized and make
good use of time. Learners value an organized
approach that helps them make sense of the new
content they are learning.4 Don’t try to plan out
every minute though, or you may lose the interest
of your trainee.
Adult learners find a problem-centered approach
useful. It aids learning to be able to take a task
from beginning to end, before moving on to
something else. Multitasking can wait until the
trainee is competent in a number of tasks.
The tasks that dialysis technicians will do must
be performed with great care to avoid patient
harm. Learning these tasks should not be boring.
Trainees will recall more when you engage them
in learning. Capture their attention and make
learning fun. It sets a good example to show
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passion and enthusiasm for your work. You can
use humor, suspense, and dramatic case studies
to help get your points across.4 People remember
stories. Protect patient confidentiality, but ensure
that your trainees know there are real people on the
other end of the dialysis needles.
Be sensitive to the timing of when you share
background and theory. Dialysis technicians need
to know the “why” behind what they will be doing, so they know if they are doing tasks the right
way, and can troubleshoot. Lack of context can
make a task boring and repetitive—which may
make mistakes more likely. And, technicians who
can’t answer basic question do not tend to inspire
patients’ confidence. But, too much background
at the wrong time can be confusing, and trainees
may lose track of the core message. Some learners
may want the theory first, while others will want
to see and do the task first, and then learn the
theory behind it. Ask your trainees which they
prefer.
Younger adults, such as those just out of high
school, may not be as self motivated as you’d
like. One way to help a less mature trainee “own”
the need to learn is to use a learning contract.
A learning contract (see Figure 3) is a way for a
learner and the preceptor to mutually set a plan
for orientation. By signing it, both document
their commitment to take an active role in this
program. Use of a learning contract can reassure
a trainee that he or she is there to learn—and
not just to relieve the regular staff of low-level,
repetitive tasks. For a learning contract to work,
you must set concrete learning objectives for your
training program. Before you use a contract, have
some staff members read it to see if the objectives
are clear or if any aspect that should be included
is missing.
Each trainee needs to learn the discipline of
prompt attendance, along with the job skills
themselves. Employers seek dependable and
punctual staff. A trainee’s skills are important, but
they don’t matter if he or she doesn’t show up for
a shift!
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Sample Learning Contract
Learner’s Name: ____________________________________________________
Clinic: ______________________________Dates of orientation: ____________
Type of orientation:________________________________________________
Learner: I have read the program format and objectives of the Core Curriculum for the Dialysis
Technician.
I agree to complete _____ modules.
I agree to take an active role in _____ days of clinical orientation.
I understand that I will be expected to talk through and/or show the required knowledge and skills
for ___________________________ to show that I am competent.
I understand my training period will cover _____ weeks and will be evaluated by a preceptor and
testing.
Learner_____________________________ Date________________
Preceptor: I am familiar with the format and objectives of the Core Curriculum for the Dialysis
Technician, and:
I agree to provide resources necessary to facilitate the learner’s attainment of required knowledge and
skills.
I agree to provide _____ days of clinical orientation.
I will observe and verify the knowledge and skills required of the learner.
Preceptor____________________________
Figure 3: Learning contract
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Date________________
M o d u l e
Factors that
Influence Adult
Learning
A number of factors are common to most adult
learners, including technician trainees:
Relevance and Context
Relevance is a powerful concept in adult learning.
Imagine that you decide to update your kitchen. All
of a sudden, you start to pay more attention to other
kitchens you see, and you might begin to watch
HGTV and ask your friends about contractors. Or
think about how you start to look for travel tips
when vacation time is near. Adults seek out information that is relevant to their lives at the moment.
To help a trainee learn, be sure that the information
you provide is what he or she needs to know.
Context is also vital. Adult learners have life
experience to draw upon. Each has a broad background of knowledge that can serve as a framework for new information. When you present a
new concept, like diffusion or osmosis, help the
trainee to see how it fits in with other information he or she already knows.
Self-concept
Adults are most often seen by society and each
other as workers more than as learners. A preceptor can change this view. A positive learning
experience with a preceptor can build the trainee’s
self-confidence.
Environment
A comfortable room aids learning. It is difficult
to focus on new information when the chair
wobbles, the room is too hot or cold, or there is
constant noise. An open, non-judgmental setting
inspires adult learners to take part and helps the
learning process.
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Motivation
Internal motivation means that a learner wants to
learn something for his or her own reasons. This
is stronger than external motivation, which comes
from outside—such as traffic school for a ticket.
Ask trainees why they want to learn the material.
What they tell you can help you meet their motivational needs and teach more effectively.
Dual Employment
Your clinic may have trainees that still have other
jobs on their days off from training. This may
challenge their availability and focus. If this
happens, talk with trainees and their supervisors,
and try to schedule training times or adjust work
shifts so they can concentrate on their learning.
Education and
Learning Style
Prior learning experience affects a trainee’s
comfort level with the whole notion of mastering a new body of information. Each of us has a
“learning style” that reflects how we prefer to take
in new information. Most of us are visual learners, who learn best by seeing and reading. Some
of us learn best by listening, and some by handson doing. A preceptor who is careful to observe
learning styles can present content in the best way
to aid understanding.
Adult Learning
Principles
The following are tried-and-true ways to help
people learn new information:
Assess Learning
Readiness
Each trainee starts in a different place. A pretest
can help you see what knowledge the trainee has
(or lacks) and what misconceptions are present
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ment). Giving correction in a sensitive way can
aid learning. Praise what was done right and
point out the errors. Ask questions, if possible,
such as:
that you will need to correct. It is also helpful to
assess maturity, how much time the trainee has
to learn, and his or her work background. All
of this information will help you put together a
picture of where the trainee needs to start and
what he or she needs to learn to be a productive
team member.
hy do you think that didn’t work?
W
What’s the risk to the patient if this step is
done wrong? Why?
How will you remind yourself to do this
differently?
What are the safeguards you’ll need to check
to be sure this is done the right way?
Set Goals and
Measure Progress
Meeting goals makes us feel good about ourselves.
You can work with trainees to set goals and measure progress toward them in your weekly meetings. Be sure that the trainee knows what will
be measured. Seeing progress can help enhance
internal motivation.
Prove Competency
Testing can be stressful. But, giving each
trainee the same skills checklists and knowledge
assessments lets your clinic ensure that each one
reaches the benchmarks needed for competence.
Some examples of checklists are included in
Figure 4.
Reinforce
Giving feedback after a trainee does a newly
learned task can make the behavior more or less
likely to recur. Feedback can be praise (positive
reinforcement) or complaints (negative reinforce-
Figure 4: Skills checklists
Readying the Machine for Treatment
Treatment for Individual Patient
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Demo Success
Wears PPE, cleanses machine and
environment appropriately
Y
N
Identifies the patient
Y
N
Checks the dialyzer
Y
N
Verifies dialysate concentrate/flow
Y
N
Checks needle gauge and length
Y
N
Checks blood flow rate
Y
N
Asks patient for or verifies target weight
Y
N
Draws lab tests as ordered
Y
N
Checks medications to be given
Y
N
Verifies that the machine is free of
residual disinfectants and chloramines
have been checked
Y
N
Evaluator Comments
M o d u l e
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Readying the Machine for Treatment
Equipment Setup, Including Rationale
Demo Success
Places bloodlines and dialyzer on
machine appropriately
Y
N
Follows priming and recirculation
procedure
Y
N
Connects to prescribed dialysate
Y
N
Performs pressure and alarms tests
Y
N
Performs independent EC and PH
test/vs. machine and TEC
Y
N
Checks Myron L, Phoenix meter(s)
Y
N
Evaluator Comments
Readying the Patient for Treatment
Predialysis Data Collection
Demo Success
Performs general condition survey
Y
N
Checks pre-weight, EDW, and gain
since last treatment
Y
N
Takes vital signs, including a check
of rhythm/lung sounds
Y
N
Takes the patient’s blood pressure
(standing vs. sitting)
Y
N
Recites symptoms of hyper- or
hypovolemia
Y
N
Inspects skin
Y
N
Reports any abnormal findings or
c/o to RN
Y
N
Evaluator Comments
Access
Evaluation and Preparation of Access
Demo Success
Gathers equipment and supplies,
prepares area
Y
N
Looks, listens, feels, and reports
symptoms of complications to nurse
Y
N
Properly removes scabs on Buttonhole
sites
Y
N
Inserts fistula needles per policy; uses
good technique to secure needles
Y
N
Draws labs per policy
Y
N
Gives heparin per policy; checks for
aspiration resistance that could mean
an infiltration
Y
N
Evaluator Comments
Prepares access with appropriate
disinfectant and local anesthetic
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Treatment
Initiation of Dialysis
Y
N
Replaces fluid in extra corporeal circuit
with fresh saline
Y
N
Double clamps saline and arms air
detector clamp
Y
N
Starts at appropriate BFR
Y
N
Secures bloodlines
Y
N
Sets all monitors and alarms
Y
N
Measures initial blood pressure
Y
N
Increases to prescribed BFR
Y
N
Sets prescription and UF
Y
N
Double-checks set up
Y
N
Draws blood sugar, if applicable
Y
N
Documents appropriately
Y
N
Monitoring During Treatment
Demo Success
Maintains visual contact with patients
during treatment
Y
N
Monitors and treats patient and machine appropriately
Y
N
Reports appropriately to RN
Y
N
Stays productive during shift change
Y
N
Documents appropriately
Y
N
Discontinuing Treatment
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Demo Success
Checks for correct patient identification
and negative residual sterilant
Demo Success
Gathers appropriate supplies and
prepares work area
Y
N
Checks for post labs or medications to
be given
Y
N
Ensures that complete time has
elapsed
Y
N
Obtains record and BP readings
Y
N
Returns blood per policy
Y
N
Checks sitting and standing blood
pressure if applicable prior to disconnecting lines
Y
N
Evaluator Comments
Evaluator Comments
Evaluator Comments
M o d u l e
Postdialysis Data Collection
and Discharge
Demo Success
Asks the patient how he or she feels
Y
N
Evaluates treatment, observes and
documents changes
Y
N
Checks post-weight against EDW and
pre-weight
Y
N
Checks blood pressure (sitting vs.
standing) orthostatic
Y
N
Checks fluid status
Y
N
Inspects skin
Y
N
Reports any abnormal findings or c/o
to RN
Y
N
Stabilizes patient prior to discharge
Y
N
Discharges patient, if appropriate, and
documents the treatment
Y
N
9
Evaluator Comments
After Patient Leaves Station
Disassembling and Cleaning
of Equipment
Demo Success
Strips and discards extracorporeal
circuit per policy
Y
N
Prepares dialyzer for reuse if applicable, i.e., post-recirculation
Y
N
Cleans work station appropriately, prior
to seating next patient
Y
N
Disinfects machines appropriately, if
applicable
Y
N
Describes Appropriate Responses to
Emergencies
Demo Success
Hypotension
Y
N
Cardiac or respiratory arrest
Y
N
Needle displacement or infiltration
Y
N
Clot in circuit
Y
N
Blood leak
Y
N
Chemical/pyrogen reactions
Y
N
Hemolysis/crenation
Y
N
Air embolus
Y
N
Power outage/equipment failure
Y
N
Manual return of blood
Y
N
Earthquake and evacuation
Y
N
Evaluator Comments
Evaluator Comments
283
Preceptor Basics
Communicating Skillfully
As a health professional, you must clearly and accurately transmit vital information each day. Making an
error with a lab value or a prescription could be disastrous. The same care must be taken to be sure that
you and your trainee understand each other. The list of communication methods below can help.
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Technique
Effect
Ask direct questions
Gives preceptor more information.
Ask open-ended
questions
Questions that can’t be answered “yes” or “no” encourage free exchange and
an atmosphere of willing communication.
Make small talk
A moment or two reduces anxiety and tension, and paves the way for more
in-depth talk. (Overuse could be seen as avoidance.)
Confront
To be effective, follow confrontation with cooperative problem solving.
(What can we do to help you?)
Clarify
Summarize what you thought you heard, or ask, “did you mean...” to improve
understanding on both sides.
Compare
Compare two situations (“What did we do when Mrs. Smith’s blood flow rate
wasn’t right?”) to help relate the trainee’s past knowledge to what he or she is
facing now. This can help trainees to find answers on their own.
Reflect/paraphrase
Restate trainees’ phrases in your own words. This helps them to feel that
they are in a supportive place where they can speak freely. It also encourages
further thought.
Acknowledge feelings
Promotes further communication.
Express doubt
Carefully worded statements of doubt, like “Is that the way you believe it
works?” can boost critical thinking without criticizing the thinker. This approach helps create an atmosphere of tolerance.
Verbalize the implied
Clarify motives and hidden messages to bring feelings out into the open where
they can be dealt with.
Encourage
Positive feedback and encouragement help motivate the learner. Statements
like, “Yes, go on,” tell him or her that the learning environment is supportive.
Be specific
Focus on specific examples and areas for
improvement to reduce confusion.
M o d u l e
Language Barriers
Your student speaks English and you speak English...or do you? Many healthcare professionals
quickly become unaware of the technical terms,
abbreviations, and jargon they use each day. “Ms.
Smith needs her meds QID, we need to record
her I and O and vitals before the end of the shift,
and send a crit, BUN, and creat to the lab.” Do
not assume that a trainee knows these terms.
Make an effort to explain them.
You may have trainees whose first language is not
English. Having staff who speak patients’ languages is a tremendous plus, once you are certain
that they are up-to-speed and meet all of your
clinic’s competence criteria.
Observation
and Perception
Communication is more than just words. Eye
contact and body language are additional forms.
Even the way we dress influences how we see and
are seen by others. Picking up on some of the
nonverbal cues your trainee is sending can help
bring issues out into the open that might not
otherwise be dealt with.
Silence
A preceptor’s silence can help a trainee focus on a
task, work though an answer, or just think about
what was said. A trainee’s silence could mean
that he or she is uncomfortable, quietly watching,
bored, or does not grasp the content. Skillful assessment by the preceptor can find the reason for
the trainee’s silence—and deal with the issue.
Listening
and Empathy
Being able to listen with focused attention and
fully understand a message is a powerful tool.
To do active listening, you reflect or restate the
speaker’s message in your own words. Pay careful
attention to the emotional content, as well as the
words.
9
Empathy means that you recognize and to some
extent share the feelings of another person. It can
help you deal with trainees’ fears or feelings of inadequacy. Let your trainees know that you once
had the same concerns they have now. Stress that
with more experience and training, their confidence and knowledge will grow.
Preceptor Trainee
Relationship
A preceptor and trainee can have the same interpersonal challenges as any other two people. In
theory, a head nurse or coordinator should choose
a preceptor and trainee who will be a good fit for
each other. In practice, there may not be time or
enough staff to make this work. In general, being open and showing respect will go a long way
toward easing the path for both partners.
Reality Shock
Many new hires find that the day-to-day job is
not quite what they expected. At first, a trainee
tends to have a “honeymoon” phase. Patients,
coworkers, and the job itself are all exciting and
new. This may be followed by a let down—the
real world doesn’t match up to the ideal goals set
in training. Employees who make it past this
phase may enter a “recovery” stage and regain
their sense of balance. “Resolution” can occur
when ideal and real-world values blend into a
workable solution.
Trust
For optimal training to occur, the trainee and preceptor must be able to trust each other. You can
help trust to grow by being honest, consistent,
and dependable. Respect the trainee’s privacy,
and keep his or her self-doubts and questions
confidential.
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Acceptance
A preceptor and trainee must be willing to accept
each other as individuals, even though their personal values may differ. Being open, tolerant, and
accepting help build a quality learning environment.
Preceptor Pitfalls
Helping a trainee to be fully functional in the
workplace is not always an easy task. At times a
trainee’s agenda or other issues may hinder the
goals you have worked out together. Some of
these issues may include:
Anxiety
New trainee fear can be contagious—to you.
It can add to your concerns about your own
performance and lead you to second-guess your
methods. Try to keep your own feelings separate
from those of your trainee. Keep in mind that he
or she is understandably nervous about the new
job tasks.
Avoidance
Students may try to divert you away from content
that intimidates them. A sudden batch of offtopic questions or non-essential tasks that “must”
be done right now are clues. Redirect the trainee
to the task at hand or seek the reasons for why he
or she is avoiding it.
One-way thinking
One-way thinking can limit problem solving for
both you and your trainee. If a trainee comes up
with a different way to do a task, think carefully
before you assume that your way is better. Many
problems can be solved in a number of ways. A
trainee with a fresh perspective may indeed have
something to offer.4
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Indecisiveness
This problem is common among new trainees,
who may feel reluctant to apply their new knowledge. Don't make decisions for your trainee.
Instead, ask what he or she would recommend,
and why? It is better for a student to try to act
now, under your supervision, than to rely on your
choices and not be able to function alone later.
Letting Go: The
Fledgling Trainee
You’ve reached your goal! The trainee you
precepted has become an asset to your clinic.
He or she performs assigned duties independently
and seeks help when needed. The preceptor/
trainee relationship is over, and you become a
consultant instead.
Like many preceptors, you may find it hard to let
go of a trainee when the time comes. Loss of the
student’s constant company and appreciation for
your vast knowledge and experience can make a
shift seem flat and empty. You may find that you
disagree that your trainee knows enough to be on
his or her own. After all, you’ve been evaluating
progress, and know exactly how much more he or
she needs to learn.
At some level you may even worry that your
trainee’s job performance will reflect on you as a
preceptor. If the trainee fails, do you fail, too? To
ensure that all new trainees are competent, your
clinic can choose a neutral RN evaluator and
provide a checklist. No one can tell you that you
have to accept the end of a preceptor relationship.
If you know that this can be an uncertain time,
you can reward yourself and take other steps to
help cope. When you do let go of a new, conscientious, alert technician, you are helping your
clinic and your patients.
M o d u l e
Core Curriculum
Modules
Eight core modules form the basis of the training
series. Each contains learning objectives, relevant
content with references, and a posttest. A reference module includes a glossary. The eight Core
Curriculum training modules are:
Module 1: Today’s Dialysis
Environment: An Overview
Most new technicians lack a sense of the context
of dialysis. Why is it needed? By whom? How
does it work? When did it begin? This module
introduces dialysis itself, its history, the Medicare
End-Stage Renal Disease (ESRD) program that
pays for it, professionalism, and career options for
dialysis technicians. Most important, the student
learns that the goal of dialysis is helping patients
with kidney failure to lead lives that are as normal
as possible.
Learning Activity Ideas
ave trainees identify their local ESRD NetH
work, and find the name and phone number or email address of the Patient Services
Coordinator.
Use a training torso to demonstrate a peritoneal dialysis catheter and a peritoneal dialysis
exchange.
Have trainees visit Medicare’s Dialysis Facility Compare website (www.medicare.gov/
dialysis). Ask them to compare the dialysis
clinics in your town. Which one would
they want to receive their care from if their
kidneys failed? Why?
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Module 2: The Person
with Kidney Failure
All trainees must learn that what they do can
help—or harm—the patients they care for. This
module includes normal kidney function, and
the causes and symptoms of kidney disease. It
explains treatment options for kidney failure, patient education, and rehabilitation. Trainees will
be better able to communicate and notice symptoms and problems early, with a solid grounding
in the patient’s perspective.
Learning Activity Ideas
ave trainees role-play various ethical and
H
conflict issues. For example, what should
they do if a patient’s family offers them a
gift? If a patient swears at them? If they see
another staff member taking shortcuts? If
a patient catches them not washing their
hands or putting on fresh gloves?
Ask a renal social worker to talk with the
trainee(s) about patient rights and psychosocial issues they should be aware of.
Have each trainee bring two food packages
from home. Compare the labels.
Have each trainee write down a menu for
a healthy renal meal. Ask the dietitian to
assess it.
Consider empathy training. Have each
trainee sit in the dialysis chair for 3-4 hours.
Put on a blood pressure cuff and tape gauze
to one arm.
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Module 3: Principles of Dialysis
This module covers how dialysis works to replace
some kidney functions. It compares dialysis to
working kidneys, and explains how we achieve
and measure clearance of the substances that must
be removed. Knowing these principles will help
the trainee understand the orders given for the
patient’s treatment.
Learning Activity Ideas
ave the trainee label a diagram of an extraH
corporeal blood circuit with the blood and
dialysate compartments, direction of blood
and dialysate flow, and points of resistance.
Show flow, pressure, and resistance by attaching a 12-inch segment of soft rubber
tubing to a faucet. Have the trainee hold the
tubing perpendicular to the faucet and turn
the water on until water flows slowly out the
end of the hose. Then have him or her lower
the hose into the sink or a bucket without
changing the flow. What happens?
Have the trainee gently pinch the tubing to
increase resistance. Now what happens?
Show diffusion and filtration by placing a tea
bag in a glass of hot water. Tea will slowly
diffuse through the water. Meanwhile, the
semipermeable membrane of the tea bag has
filtered the tea leaves, keeping them from
passing across the membrane.
Show filtration and UF by soaking a sponge
in water. Have the trainee hold the sponge
over a bucket of water and watch the sponge
filter the water. Then have him or her apply
positive pressure to the sponge (squeeze it)
and see how much more water is ultrafiltered.
Show diffusion and osmosis by wetting a
piece of cellophane and forming it into a
bag. Place 1 cc of potassium permanganate
solution (from a lab or pharmacy) in the
bag, and suspend the bag in a beaker or glass
full of water.
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e potassium permanganate will quickly
Th
diffuse into the water, turning it purple.
At the same time, osmosis will take place.
The volume in the bag will increase as water
enters the bag to equalize the concentration
on both sides of the membrane.
Module 4: Hemodialysis Devices
A dialyzer, dialysate, and a delivery system are the
three key parts of a hemodialysis treatment. The
complex safety and monitoring issues of each one
are covered in detail in this module. The trainee
will learn that the most vital safety monitor is an
alert, knowledgeable staff person. NOTE: No
trainee should ever encounter a dialysis machine for
the first time with a patient connected to it.
Learning Activity Ideas
djust a machine in the maintenance room
A
in various ways (crimp a line, loosen a transducer, etc.) so it alarms. Have the trainee
troubleshoot the machine and discover what
is wrong.
Clamp the venous line on the machine so
trainees can see that the blood pump stops.
Demonstrate bypass and reset.
Module 5: Vascular Access
The patient’s lifeline is the greatest challenge to
the success of dialysis. Problems such as thrombosis, stenosis, and infection can lead to hospital
stays, surgery, illness, and death. This module
covers the care of each type of access and needle
placement, including the Buttonhole technique.
Knowledge and a sense of the value of a good
access are the best gifts a dialysis technician can
bring to patient care.
Learning Activity Ideas
ave the trainee assess a new fistula for the
H
rule of 6’s. Is it ready to use? Why or
why not?
Ask the trainee to assess an array of fistulas
and grafts by looking, listening, and
palpating.
Have the trainee practice cannulation on
a practice arm.
M o d u l e
Module 6: Hemodialysis
Procedures and Complications
Each clinic has its own ways to do dialysis tasks,
and these must taught to new hires by a preceptor or teacher. This module helps the trainee to
understand the procedures he or she will need
to learn. It covers dialysis from set up through
clean up, and breaks the many complex tasks that
make up a treatment into manageable pieces.
The module also includes infection control, lab
tests, documentation, and medical and technical
complications.
Learning Activity Ideas
ut a synthetic germ product such as Germ
P
Juice&reg;5 on trainees’ hands. Let the product
dry, and shine a black light on their hands
in a darkened room so they can see the
glow. Have them wash their hands and use
the black light again to show what “germs”
they’ve missed.
Sprinkle a synthetic germ product such
as Germ Powder&reg;5 on surfaces. Have the
trainee disinfect the surface, then use a black
light to see if they’ve missed any “germs.”
Have the trainee practice drawing up a
specific amount of a medication from a vial.
Have the trainee practice using a Vacutainer
to obtain blood samples.
Ensure that the trainee receives practice
using lifting devices, with close supervision.
Module 7: Dialyzer Reprocessing
In this module, the technician learns about the
history, basic theory, steps, and reasons for reusing dialyzers. Risk management and AAMI/CMS
safety rules are covered. Practical steps to handle,
label, reprocess, inspect, and store dialyzers are
given, as well as quality assurance and quality
control policies.
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Learning Activity Ideas
et the trainee take a dialyzer apart. Pay speL
cial attention to the areas under the header,
where blood could be trapped.
Fill dry pack and reusable dialyzers with saline and put them in a tray with name labels.
Have the trainees check:
Is the dialyzer bagged?
Is it sealed?
Is it cracked or leaking?
Is it pleasing to the eye?
If it is visually acceptable, have the trainee
check labels and match them to mock
patients. Be sure to include some “patients”
with very similar names.
Module 8: Water Treatment
The large volume of water used in dialysis means
that water quality is vital to patient safety. This
module covers why and how to monitor the
array of filters and other devices used to remove
microbes, sediment, heavy metals, chemicals,
and ions before drinking water can be used for
dialysis. It covers the types of contaminants often
found in water, how these can harm patients,
water treatment system parts, and monitoring of
the water treatment system.
Learning Activity Ideas
ave trainees use pH test strips to determine
H
whether substances are acids or bases.
Add contaminants to some beakers of clear
water. Let trainees use test strips to determine what the contaminants may be.
Demonstrate backwashing a filter.
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Resources
Each dialysis clinic should be able to share key
background and resources with its trainees.
Given the budget constraints that all clinic must
work under, it may take creativity and time to
build up a respectable library. Just making it
known that you are seeking these resources may
bring some of them to you. Here are some tips
for ways to acquire materials:
Clinic subscriptions to journals
Copies of journals donated by staff
Textbooks purchased with vendor or donor
funds
Free pamphlets, videos, slides, or tapes from
vendors or non-profit organizations
The library you put together will be a valuable
resource for all of your staff members. The Internet is also an excellent resource. Below are some
suggested materials to have on hand.
Reference Materials
nglish language dictionary
E
Medical dictionary
A medical terminology text
Drug references
Literature from equipment manufacturers
FDA manuals
American Association of Medical
Instrumentation (AAMI) materials
Textbooks
Recent texts (from the past 5 years) should cover
all aspects of clinical and technical information
on kidney disease and dialysis.
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Medical Journals
Journals help staff keep up with new advances:
dvances in Chronic Kidney Disease
A
American Journal of Kidney Diseases
American Society for Artificial Internal Organs
(ASAIO) Journal
Clinical Journal of the American Society of
Nephrology
Hemodialysis International
Journal of the American Medical Association
Journal of the American Society of
Nephrology
Kidney International
Nephrology News &amp; Issues
Nephrology Nursing Journal
New England Journal of Medicine
Peritoneal Dialysis International
Seminars in Dialysis
Professional and Patient
Organizations
merican Association of Kidney Patients
A
American Society of Nephrology
Board of Nephrology Examiners – Nursing
and Technology
National Association of Nephrology Technologists
National Kidney Foundation
National Renal Administrators’ Association
Renal Physicians Association
Additional Materials
Films, videos, slide shows, and other non-printed
information help round out the collection. Free
YouTube videos can be found to demonstrate any
number of medical tasks, for example.
M o d u l e
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Posttest
Module 1 Posttest
1. What are the two main types of dialysis?
6. What are “clinical practice guidelines”?
A. Continuous renal replacement therapy and
peritoneal dialysis
A. Efforts to improve patient outcomes by
finding best practices.
B. Hemodialysis and peritoneal dialysis
B. E
SRD Network quality improvement efforts.
C. Hemofiltration and peritoneal dialysis
D. Hemodialysis and continuous renal
replacement therapy
C. Medicare rules for what dialysis clinics
must do.
2. How are dialysis clinics paid by Medicare
for dialysis treatment?
7. Which of these is a step of the CQI process?
D. The Measure Assessment Tool.
A. Separate billing
A. Implement the PDCA cycle
B. Contract pricing
B. Write a long article about the problem
C. Prospective payment system bundles
C. Develop a hypothesis
D. Composite rate
D. Consult an expert
3. What does “Pay for Performance” mean?
A. Medicare pays the clinic for each dialysis
treatment.
B. Clinics that don’t meet certain quality
standards will have their payments cut.
C. Billing cannot be done until after
treatments are given.
D. Patients track the clinic’s performance and
decide if the clinic should be paid.
4. W
hich of the following are dialysis clinics
required to work with?
8. Which of the following actions shows that
you are behaving as a professional?
A. Shouting across the dialysis clinic.
B. Getting to work on time.
C. Talking about patients in front of
other patients.
D. Sharing your personal problems
with your patients.
9. Which of the following is an example of a
boundary that should be kept between you
and your patients?
A. Centers for Medicare and Medicaid
Services (CMS)
A. You should not ask patients about their
symptoms or medical history.
B. National Kidney Foundation
B. You may accept gifts, money, or tips
from patients.
C. Renal Physicians Association
D. ESRD Networks
5. W
hich of the following is a responsibility of
the ESRD Networks?
A. Collect and report data about dialysis
B. Handle patient grievances
C. Help clinics deal with conflict
D. Promote rehabilitation
E. All of the above
F. None of the above
C. You can borrow money from patients
D. You should not invite patients to
your home
10. How do you become a certified dialysis
technician?
A. Act in an unprofessional way on the job
B. Take a test given by an approved program
C. Work as a technician for five years
D. Write to your US Senator
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Module 2 Posttest
1. What is a nephron made up of?
6. Which word means too much potassium?
A. A glomerulus and a tubule
A. Hypocalcemia
B. A nephron and a pyramid
B. Hypercalcemia
C. A loop of Henle and a capillary ball
C. Hypokalemia
D. A ureter and an afferent arteriole
D. Hyperkalemia
2. What is the most common cause of kidney
failure for US adults?
7. What is the patient’s dry weight?
A. Hypertension
A. Th
e weight after a treatment when all (or
most) excess water is gone
B. Glomerulonephritis
B. Th
e weight gained between treatments
C. Diabetes
C. The Predialysis weight
D. Urinary obstruction
D. Th
e amount of weight to be removed during a treatment
3. W
hich of these is a problem of kidney
failure caused by a build-up of wastes in the
blood?
A. Anemia
B. Uremia
C. Shortness of breath
D. Swelling of the face, hands, and feet
4. W
hat causes secondary hyperparathyroidism in people with kidney failure?
A. Th
e kidneys no longer make active
Vitamin D
B. Th
e kidneys no longer remove enough
water from the blood
C. Th
e kidneys no longer make
erythropoietin
D. Th
e kidneys no longer remove enough
wastes from the blood
5. Which of these substances are electrolytes?
A. Carbon
B. Calcium
C. Iridium
8. Y
our patient Mrs. M. asks to stop her treatment 20 minutes early. What do you say?
A. “Sure, why not? A few minutes here and
there won’t matter.”
B. “ I’m sorry, our clinic policy does not allow
patients to stop treatment early.”
C. “ You need every minute of treatment you
can get, to avoid complications.”
D. “ You can leave, but you have to sign
a release.”
9. W
hat should you do if a patient asks you a
question you don’t know the answer to?
A. Give an answer that is beyond the scope of
your practice
B. R
efer the patient to a member of the care
team that can answer the question
C. Answer the question wrong
D. Tell the patient that you don’t know
10. The dialysis team member with special
training in helping people cope with the
changes caused by kidney disease is the:
D. Sodium
A. Nurse
E. A and C
B. Physician
F. B and D
C. Social Worker
D. Technician
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Module 3 Posttest
1. What is a solution made up of?
6. What role does ultrafiltration play in dialysis?
A. Water and blood
A. Removes wastes from the patient’s blood
B. Alcohol and water
B. M
oves solvents from the blood side to the
dialysate side of the dialyzer
C. A solvent and a solute
D. Water and sodium
2. A semipermeable membrane is a filter that:
A. A
llows only certain sized particles pass
through
B. Prevents contamination
C. Helps the patient’s kidneys recover
D. Removes water from the patient’s blood
7. W
hich of these is the intravascular fluid
compartment?
A. Fluid inside the cells
C. Freely lets all particles pass through
B. Blood inside the blood vessels
D. K
eeps all water and solutes from passing
through
D. Fluid inside the dialyzer
3. What happens in diffusion?
A. W
ater moves through a membrane from an
area of higher concentration to a lower one
C. Fluid between cells
8. During dialysis, levels of waste in the blood
can be expected to:
A. Stay the same
B. Solutes move through a membrane from an
area of higher concentration to a lower one
B. Increase
C. S olutes move through a vacuum that
forms when fluids are forced through a
membrane
D. Increase and decrease
D. W
ater moves through a membrane from an
area of lower concentration to a higher one
4. W
hich of these would lead to the fastest
diffusion?
A. Small particles, warm solution, large pores
B. Small particles, cold solution, small pores
C. Large particles, warm solution, small pores
D. Large particles, cold solution, large pores
5. Which of these best describe osmosis?
A. A
vacuum formed when we force fluids
through a membrane
C. Decrease
9. W
hat type of pressure is applied when the
blood pump pulls blood through a needle?
A. Negative Pressure
B. Positive Pressure
C. Hydraulic pressure.
D. No pressure
10. What is a gradient?
A. A rating
B. A heat setting
C. A solute level
D. A difference
B. F
luids kept apart by a membrane flow in
the same direction
C. S olvents move through a membrane from a
higher solute concentration to a lower one
D. W
ater moves through a membrane from a
lower solute concentration a higher one
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Module 4 Posttest
1. W
hy are synthetic dialysis membranes more
biocompatible?
A. They mimic the peritoneal cavity
B. They adsorb more proteins from the blood
C. They have higher ultrafiltration coefficients
D. They can handle higher temperatures
2. Which of these is a way to remove solutes?
A. Convection
B. Suction
C. Surface Area
D. Irradiation
3. W
hat are the two compartments of the
dialyzer?
A. Conventional and high flux
B. Arterial and venous
C. Blood and dialysate
D. Hollow fiber and flat plate
4. W
hich of these substances might be included in a dialysate prescription?
A. Bicarbonate, Sodium, Potassium
B. Magnesium, Creatinine, Calcium
C. Chloride, Glucose, Urea
D. Beta-2-microglobulin, Calcium, Sodium
5. W
hat is the purpose of a proportioning
system?
A. Monitors the dialysate flow rate
B. Monitors for blood leaks
C. Checks the conductivity of the dialysate
D. M
ake dialysate by mixing fresh concentrate with fixed amounts of treated water
6. Where is conductivity most often checked?
A. T
esting the dialysate mixing and the final
dialysate
B. B
efore dialysate enters the dialyzer and
after dialysate leaves the dialyzer
C. D
ialysate mixing and before dialysate
enters the dialyzer
D. D
ialysate mixing and after dialysate leaves
the dialyzer
7. W
hat condition occurs due to dialysate that
is too hot?
A. Hypersensitivity Reaction
B. Hemolysis
C. Pyrogenic Reaction
D. Septicemia
8. W
hat are the two types of ultrafiltration
systems:
A. Volumetric and Flow Control
B. Flow Rate and Ultrafiltration Rate
C. TMP and UFR
D. Proportioning System and Flow Control
9. W
hich of these best describes the transducer
protector?
A. A
pump that moves blood through the
extracorporeal circuit
B. A mechanical device in the machine that
converts air pressure into an electronic signal
C. T
ubing that carries blood from the patient’s
access to the dialyzer and back to the access
D. A
system that removes water from the
blood
10. W
hich group contains the dialysate delivery system monitors?
A. Temperature, venous pressure, flow rate
B. Blood and dialysate flow rates
C. Conductivity, pH, flow rate
D. Blood leak, pH, arterial pressure
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Module 5 Posttest
1. Mrs. R. is a 40-year-old woman who does
not have diabetes or heart problems. If her
blood vessels are healthy, what type of access is best?
A. A femoral catheter
B. A forearm loop graft
C. An arteriovenous fistula
D. A cuffed, tunneled catheter
2. W
hen assessing a fistula or graft, which
of these do you listen for before starting
dialysis?
A. Bruit
B. Stenosis
C. Thrill
D. Steal Syndrome
3. W
hich of these can happen when the needle
is “flipped” during cannulation? (NOTE:
Choose as many as apply.)
A. Stenosis
B. Infiltration
C. Steal syndrome
D. Stretch the needle hole
E. Tear the lining of the vessel
4. Why do we rotate needle sites on a fistula?
A. To prevent infiltration
6. What is an infiltration?
A. A pocket of blood inside the blood vessel
B. A
needle tip that goes into a fistula or graft
and out the other side
C. The growth of bacteria in a graft anastomosis
D. Th
e mixing of already dialyzed blood with
arterial blood in the patient’s access
7. W
hich of these is a long-term complication
of a fistula?
A. Infiltration
B. Exsanguination
C. Stenosis
D. Recirculation
8. How can you help patients who are afraid of
dialysis needles?
A. D
istract them by talking about something
pleasant
B. A
sk if they would like to use a local anesthetic to reduce pain
C. Use the three point technique
D. Offer to teach them how to self-cannulate
E. All of the above
F. None of the above
9. W
hat is the biggest risk of “one-site-itis” in
a graft?
B. To prevent stenosis
A. Stenosis
C. To prevent steal syndrome
B. Pseudoaneursym
D. To prevent aneurysms
C. Steal syndrome
5. What is the Buttonhole technique?
A. P
lacing needles in the same spots at the
same angle to form tunnel tracts
D. Graft rupture and exsanguination
10. W
hich of these steps will help prevent
infection in catheters?
B. A
button-shaped device that guides dialysis
needles to the right spot
A. W
ash hands and change gloves before
touching the patient and equipment
C. A choice of antegrade or retrograde
B. P
alpate the skin along the catheter from
the blood vessel down to the exit site to
look for drainage at the exit site.
D. A new type of implanted graft
C. Change the catheter dressing
D. Assess the catheter blood flow
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Module 6 Posttest
1. What is aseptic?
A. Free from all germs
B. Free from disease-causing germs
C. Blood poisoning
D. Clean and sterile
2. W
hat is the most important step you can
take to prevent the spread of infection?
A. Wear a mask
B. Wear gloves
C. Wear protective equipment
D. Wash your hands
3. A pulse of 104 beats/min would suggest
that the patient has:
A. A
patient who is brought into the dialysis
clinic on a stretcher
B. A
patient who can bear his or her weight
once standing
C. A
patient who can get out of the dialysis
chair without needing any help
D. A
patient who says he feels dizzy and
nauseated
6. How can you prevent accidental needle
sticks? (NOTE: choose all that apply.)
A. Recap needles carefully
B. Dispose of needles in a sharps box
A. Bradycardia
C. Break or bend the needle
B. An arrhythmia
D. Leave needles on medicine carts after use
C. Tachycardia
D. Atrial flutter
4. The normal range of resting respirations in
an adult is:
A. 12 to 16 breaths/min
B. 20 to 40 breaths/min
C. 30 to 50 breaths/min
D. 50 to 60 breaths/min
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5. For whom would you use the stand and
pivot technique to transfer from a wheelchair or dialysis chair?
7. W
hat is the purpose of priming bloodlines
and the dialyzer?
A. T
o remove air and germicide from the
blood lines and dialyzer
B. T
o be sure fibers are completely filled with
germicide before starting dialysis
C. T
o assess ultrafiltration capacity of the
dialyzers and check for leaks
D. T
o maintain fiber noncompliance until
dialysis begins
M o d u l e
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Module 6 Posttest continued
8. Mrs. Smith’s dry weight is 62kg. Her
pre-treatment weight when she came in for
treatment on Monday was 67kg. For her
treatment the priming saline amount is
240mL, the rinseback amount is 200mL,
fluid from medications is 100mL, and
she does not take in any fluids during
treatment. What is the total amount of
fluid weight to be removed during her
treatment?
A. 5000mL
B. 5230mL
C. 5540mL
D. 5820mL
9. Based on Mrs. Smith’s total amount of fluid
to be removed, what is the ultrafiltration
rate per hour (mL/hr) for her 4 hour
treatment:
A. 1220mL/hr
B. 1385mL/hr
C. 1440mL/hr
D. 1500mL/hr
10. Which of the following is a cause of
hypotension during and after dialysis?
A. Uremia
B. Patient forgets to take blood pressure pills
C. Fluid overload
D. Removing too much fluid
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Module 7 Posttest
1. W
hat is the main reason that dialyzers are
reprocessed?
A. Reprocessing is a cost savings measure.
A. Alcohol
B. R
eprocessing shortens the dialysis
treatment.
B. Peracetic Acid
C. Reprocessing is safer for patients and staff.
D. Bleach
D. R
eprocessing reduces the amount of
plastic in the landfill.
2. W
hich organization sets the standards for
dialyzer reprocessing?
A. FDA
B. CDC
C. Hydrogen peroxide
6. W
hich of these is the definition
of contact time?
A. H
ow long the germicide is rinsed through
the dialyzer
B. H
ow long between dialyzer uses
C. AAMI
C. H
ow long the germicide must stay in the
dialyzer to work
D. HCFA
D. How long it takes to reprocess the dialyzer
3. W
hich test needs to be done on
new dialyzers?
7. W
ho must check a reprocessed dialyzer to
verify the quality control information?
A. Hb (hemoglobin)
A. The patient, if he or she can see well
B. TIBC (total iron binding capacity)
B. T
wo people, one of whom should be the
patient
C. CBC (complete blood count)
D. TCV (total cell volume)
4. W
hat are the steps for dialyzer reprocessing
after a dialysis treatment?
A. P
re-cleaning, Performance tests, Dialyzer
rejection, Disinfection
B. L
abeling, Total cell volume, Performance
tests, Disinfection
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5. W
hich of these is a germicide used
for dialyzer reprocessing?
C. The medical director and the charge nurse
D. T
wo registered nurses and a patient care
technician
8. W
hich of these is a problem that could
cause bacteria or endotoxin to be in
a reprocessed dialyzer?
A. Use of proper storage conditions
C. P
re-cleaning, Total cell volume, Dialyzer
rejection, Disinfection
B. Correct contact time used
D. P
re-processing, Total cell volumne,
Performance Tests, Disinfection
D. Wrongly mixed or outdated germicide
C. Use of heat and citric acid
M o d u l e
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Module 7 Posttest continued
9. W
hich of these best describes the Dialyzer
Reprocessing Manual:
A. A
record of the dates and results of all
quality improvement efforts
B. A
summary of all reuse specifications,
policies, procedures, training materials,
manuals and methods, and samples of
forms and labels
C. A
log of the dates of preventive maintenance, repairs, and results of testing on all
reuse equipment
D. A
record of testing required by regulatory
agencies on germicides or cleaning agents
used in dialyzer reuse
10. For which of these reasons would we reject
a reprocessed dialyzer?
A. C
racks or leaks in the plastic housing,
labels can’t be read
B. L
abel incomplete, dialyzer not heparinized
C. P
atient preference, access is recirculating
D. HIV status, hyperkalemia present
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Module 8 Posttest
1. Why must water used for dialysate be treated?
A. B
ecause patients have strict fluid limits and
drink only pure water
A. Blurred vision
B. B
ecause patients drink large amounts of
water despite their limits
B. Pyrogenic
C. B
ecause patients arre exposed to large
volumes of water during dialysis
D. Double vision
D. B
ecause patients can excrete contaminants
in dialysate during dialysis
2. W
hich of these substances may be added to
city drinking water?
C. Bone disease
7. How often should the RO operating
parameters be checked?
A. Weekly
B. Hourly
A. Bleach
C. Monthly
B. Zinc
D. Daily
C. Potassium
D. Alum
3. W
hat does a water softener do for
dialysis water?
8. Per AAMI standards, how often should
dialysis water be tested for bacteria?
A. Daily
B. Weekly
A. Removes calcium and magnesium
C. Monthly
B. Removes chlorine and chloramines
D. Yearly
C. Adds calcium and magnesium
D. Kills bacteria
4. W
hich of these is a limitation of a reverse
osmosis (RO) system?
9. Per AAMI standards, the total microbial
count of dialysate shall not exceed:
A. 200 CFU/mL
B. 400 CFU/mL
A. Removes bacteria but not endotoxin
C. 800 CFU/mL
B. Removes calcium and magnesium
D. 1000 CFU/mL
C. Th
in film composite membranes break
down when exposed to chlorine and c
hloramines
D. Produces purified water
5. W
hich is the most common way that water
treatment systems are disinfected?
A. Using heat
B. Using ozone
C. Using chemicals
D. Using electrolytes
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6. W
hat type of patient reactions may occur if
dialysis water contains bacteria or endotoxin?
10. W
hat problem could large amounts
of aluminum in dialysis water cause
for patients?
A. Fever/chills
B. Liver problems
C. Bone disease
D. Diarrhea
M o d u l e
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Posttest
Answer Keys
Module 1
Module 4
Module 7
1. B
1. B
1. A
2. C
2. A
2. C
3. B
3. C
3. D
4. D
4. A
4. A
5. E
5. D
5. B
6. A
6. C
6. C
7. A
7. B
7. B
8. B
8. A
8. D
9. D
9. B
9. B
10. B
10. C
10. A
Module 2
Module 5
Module 8
1. A
1. C
1. C
2. C
2. B
2. D
3. B
3. B, D, E
3. A
4. A
4. D
4. C
5. F
5. A
5. C
6. D
6. B
6. B
7. A
7. C
7. D
8. C
8. E
8. C
9. B
9. D
9. A
10. C
10. A
10. C
Module 3
Module 6
1. C
1. B
2. A
2. D
3. B
3. C
4. A
4. A
5. D
5. B
6. D
6. B
7. B
7. A
8. C
8. C
9. A
9. B
10. D
10. D
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Glossary and Index
FEATURED PATIENT ARTWORK &raquo;
Marvin Harris
I have been on in-center hemodialysis
since 2009. I am the father of 6 and
grandfather to 6. Prior to retirement
in 2001 I was an art teacher for 30
years with the Newark Board of
Education. I am a graduate of
Montclair State University and the
Newark School of Fine and Industrial
Arts and continue to work as a
professional artist and to have
shows of my artwork.
Advice to future cannulators: Listen
to patients; patience is a virtue;
remember we are human beings.
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Glossary
Abscess
Adsorb
An abscess is an infection under the skin. It looks
like a blister or pimple filled with fluid or pus. If
needles are inserted into or near an abscess, infection of a dialysis access or other tissues may occur.
Adsorb means to attract and hold. The dialyzer
membrane adsorbs blood proteins to the walls of
the hollow fibers during a treatment. This can
make reused dialyzers more biocompatible than
new ones—if bleach is not used to remove the
protein coating.
Access
An access (vascular access) is a route into the
bloodstream that allows enough blood flow for
hemodialysis. For permanent access, a surgeon
connects a vein to an artery. This can be done
directly (fistula) or with a piece of synthetic
tubing (graft). For short-term access, a catheter
may be placed in a large central vein. (See also:
Arteriovenous Fistula, Catheter, Graft.)
Advance Directives
Advance directives outline a patient’s wishes for
medical treatment in case he or she becomes too
ill to make such choices. A living will is one type
of advance directive. The patient’s family and
other members of the care team should be told of
the patient’s wishes when an advance directive is
done and given a copy to keep.
Acid
An acid is a substance with a pH below 7.0 that
can donate a hydrogen ion (H+). In the human
body, acids form when protein and other foods
are broken down by cell metabolism.
(See also: Buffer.)
Acquired Immunodeficiency
Syndrome (AIDS)
See: Human Immunodeficiency Virus (HIV).
Acute Kidney Failure
Acute kidney failure has a sudden onset. It is
most often caused by an illness, injury, or toxin
that stresses the kidneys. Some patients who
survive acute kidney failure can recover kidney
function. Others die or go on to develop chronic
kidney failure.
Adequacy
See: Hemodialysis Adequacy, Peritoneal
Dialysis Adequacy.
Afferent
Afferent means toward an organ.
Air Detector
The air (or foam) detector checks blood in the
venous line of the extracorporeal circuit for air.
Air in a patient’s bloodstream can stop the blood
flow or heartbeat, causing death. If the detector
finds air, an alarm will sound, the blood pump
will stop, and the venous bloodline will clamp to
keep air from reaching the patient.
Air Embolism
An air embolism occurs when air bubbles enter
the bloodstream and flow into a vessel small
enough to be blocked by the air. The air in the
vessel acts like a clot, blocking the flow of blood.
Dialysis machines have an air detector on the
venous bloodline to help prevent this problem,
which can be fatal.
Albumin
Albumin is a blood protein. Low serum albumin
levels (&lt;3.5 g/dL) may mean a patient is undernourished. Malnutrition is common in dialysis
patients and raises their risk of death.
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Alkaline
Anemia
See: Base.
Anemia is a shortage of oxygen-carrying red
blood cells. It causes severe fatigue, trouble with
mental focus, reduced immune function, and
many other problems. Anemia is common in
kidney failure due to less erythropoietin, iron
deficiency, and loss of blood through tests and
dialysis itself. (See also: Hematocrit, Hemoglobin.)
Alum
Alum is an aluminum compound. It is often
added to city water supplies to remove sediment
and make the water clearer. Aluminum can
build up in the bodies and brains of dialysis
patients. Aluminum in dialysis water must be
kept at low levels with water treatment.
(See also: Encephalopathy, Flocculant.)
Aluminum-Related Bone Disease
(ARBD)
ARBD is caused by long-term exposure to aluminum. Aluminum builds up in the tissues at
the point where new bone forms and can be seen
on X-ray. Sources of aluminum include dialysis
water, medications, and cookware. Phosphate
binders with aluminum are also a source, but
these are rarely used today. Symptoms of ARBD
can include deep bone pain, muscle weakness,
and fractures.
Anesthetic
An anesthetic is a drug that numbs the body to
reduce pain. Local anesthetics can be injected
into a spot, such as the skin around a puncture
site, before needle placement. Or, gels or creams
can be put on the skin to prevent pain at that site.
Aneurysm
An aneurysm is a ballooning or bulging of a weak
spot in a blood vessel. Severe bleeding can occur
if an aneurysm ruptures, so great care must be
taken with a patient who has one. Aneurysms
can occur if needles are placed too often into the
same small area of a fistula.
Amyloidosis
Angioplasty
Amyloidosis occurs when a protein called beta2-microglobulin (β2M) builds up in soft tissues,
bones, and joints. The deposits can cause joint
and/or bone pain. High-flux membranes and/or
nocturnal hemodialysis remove more β2M, which
may help prevent or treat this problem.
Angioplasty is a procedure to open a narrowed
blood vessel (stenosis). It may be used for vascular access repair. A small balloon is threaded
through the vessel into the access and gently
inflated to push the walls of the vessel open.
(See also: Stenosis.)
Anaphylaxis
Anion
Anaphylaxis is a fast, severe immune response to an
allergen. Hives, itching, or wheezing may occur.
Anaphylactic shock may cause a blood pressure
drop; change in heart rhythms or arrest; spasms
of the breathing passages; and swelling of the lips,
tongue, and throat. This problem can be fatal.
An anion is a negatively-charged ion.
Anastomosis
An anastomosis is a surgical connection between
two blood vessels. Dialysis needles should not
be inserted into the area of the anastomosis in a
fistula or graft.
1 0
Antegrade
Antegrade means forward-moving. In dialysis, it
means in the direction of blood flow. The venous
needle should always be placed antegrade. The
arterial needle is placed antegrade or retrograde,
though there is some evidence that antegrade is
better. (See also: Retrograde.)
Anticoagulant
An anticoagulant is a blood-thinning drug used
to keep clots from forming. Anticoagulants, such
as heparin, are used to prevent clotting in the
extracorporeal circuit during hemodialysis.
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Antidiuretic Hormone (ADH)
Arteriovenous (AV) Fistula
Antidiuretic hormone (ADH or vasopressin) is released by the pituitary gland in the brain. ADH
helps prevent excess fluid loss by telling healthy
kidneys to reabsorb water. ADH also tells the
blood vessels to constrict (tighten).
In dialysis, an arteriovenous fistula is a link
between an artery and a vein under the skin of
an arm or leg to provide access to the blood.
The force of blood from the artery makes the
vein larger and thicker. After a fistula matures,
it can be punctured with dialysis needles and will
allow the blood flow rates needed for dialysis.
(Plural: Fistulae.)
Antiseptics
Antiseptics slow or stop the growth of bacteria
and viruses. They are used to kill microbes to
prevent infection.
Arteriole
An arteriole is a small artery.
Apical Pulse
The apical pulse is felt on the chest wall over the
heart.
Apnea
Apnea is a period when breathing stops.
Artery
A blood vessel that carries blood away from the
heart at high pressure. Arteries bring oxygenated
blood to each part of the body.
Artificial
An arrhythmia is an irregular heartbeat. It may
be felt as an extra pulse or heard over the heart.
Artificial means man-made. The dialyzer is called
an artificial kidney. A piece of artificial vein is
used to create a dialysis graft.
Arterial Pressure
Ascites
In hemodialysis, arterial pressure is measured
in the extracorporeal circuit between the arterial
needle and the dialyzer. Pre-pump arterial
pressure is measured from the patient’s access
to the blood pump. Post-pump arterial pressure
is measured after the blood pump, but before
the dialyzer.
Ascites is a build-up of fluid in the abdomen
caused by liver damage, heart failure, malnutrition, or infection. Special ultrafiltration and
other methods (i.e., drainage) may be needed
to remove it.
Arrhythmia
Asepsis
Asepsis is the absence of pathogens.
Arterial Pressure Monitor
A pressure sensor monitors pre-pump arterial
pressure in the extracorporeal circuit between
the patient’s access and the blood pump. A postpump arterial pressure monitor measures pressure
between the blood pump and the dialyzer. If the
pressure reading is outside of set limits, an alarm
will sound and the blood pump will stop.
(See also: Extracorporeal Circuit.)
Arterialize
When a fistula is made, strong arterial blood
flow causes the vein to arterialize—it dilates
(widens), thickens, and becomes more muscular,
like an artery.
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Aseptic
Aseptic means sterile or germ-free.
Aseptic Technique
Aseptic technique is a series of steps used to
maintain a germ-free environment. The steps
include washing hands before touching things
in sterile packages, touching sterile objects only
to other sterile objects, cleaning blood ports or
the patient’s skin with disinfectant before placing
a needle, and throwing out any sterile supplies
in wet, damaged, or torn packages. Peritoneal
dialysis exchanges must be done using aseptic
technique to prevent infection.
M o d u l e
Association for the Advancement Of
Medical Instrumentation (AAMI)
AAMI develops voluntary standards for dialysis
water treatment and dialyzer reprocessing. The
AAMI Guidelines have been adopted by CMS.
Auscultate
Auscultate means to listen with a stethoscope.
Auscultation is used to help diagnose access problems like stenosis or thrombosis that can change
the normal sound of the bruit. (See also: Bruit.)
Automated Peritoneal Dialysis (APD)
See: Continuous Cycling Peritoneal Dialysis
(CCPD).
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Beta-2-Microglobulin
See: Amyloidosis.
Bicarbonate
Bicarbonate is a buffer. It helps neutralize acids
that form when the body breaks down protein
and other foods, and is reabsorbed by healthy
kidneys. Dialysis patients often have low levels of
bicarbonate because their kidneys do not reabsorb
enough. Thus, they can’t neutralize acids well.
Bicarbonate is used in dialysate to help restore
levels in the body, but it has two main drawbacks:
it supports bacterial growth, and it needs two
concentrates (acid and bicarbonate) to keep scale
from forming and harming equipment.
(See also: Buffer.)
Backfiltration
Backfiltration occurs when dialysate crosses the
dialyzer membrane into the patient’s blood. It
can be caused by a change in the pressure or
concentration gradient between the dialysate and
blood. Backfiltration may be more likely with
high-flux dialyzer membranes, which have larger
pores. Backfiltration can harm patients because
endotoxin in the nonsterile dialysate can enter the
bloodstream, causing infection and fever.
Binders
See: Phosphate Binders.
Biocompatible
Biocompatible means like the human body. A
biocompatible membrane is less likely to cause
patient symptoms or trigger immune responses
caused by a foreign “invader.”
Blood Leak
Backwashing
Backwashing means forcing water backwards
through a filter. It can be used to remove particles from clogged sediment filters in a water
treatment system.
A blood leak occurs when the delicate semipermeable membrane of the dialyzer tears, letting
blood leak into the dialysate. Severe blood leaks
can cause major blood loss during treatment.
Any blood leak will expose patients directly
to the dialysate.
Bacteremia
See: Sepsis.
Bacteria
Bacteria are microscopic, single-celled organisms
that can cause disease. Bacteria are classified as
Gram-positive or Gram-negative by the color
they turn on a test called a Gram’s stain.
(See also: Endotoxin.)
Base
Bases are chemicals that can accept a hydrogen
ion (H+). A substance with a pH of greater than
7.0 is a base, or alkaline. In the body, bicarbonate
is a base. (See also: Buffer, pH.)
Blood Leak Detector
The blood leak detector is an alarm system on
the hemodialysis delivery system. It checks used
dialysate for blood that would mean a leak in
the membrane. The detector shines a beam of
light through the dialysate and into a photocell.
A break in the light beam caused by blood cells
triggers an alarm that stops the blood pump and
clamps the venous line. This prevents further
blood loss and contamination of the patient’s
blood with dialysate. (See also: Hemodialysis
Delivery System.)
309
Glossary
Bloodlines
Bolus
See: Blood tubing.
A bolus is a single, large amount of something.
In dialysis, heparin can be given by bolus. The
full prescribed dose is given all at once.
Blood Pump
The blood pump is part of the hemodialysis delivery system. It pushes the patient’s blood through
the extracorporeal circuit at a fixed rate of speed.
During a treatment, the blood tubing is threaded
between the pump head and rollers. The rollers
move blood through the circuit and back to the
patient. (See also: Pump Occlusion.)
Blood Pump Segment
The blood pump segment is a durable, largerdiameter section of the arterial blood tubing. It
is threaded through the roller mechanism of the
blood pump. (See also: Pump Occlusion.)
Blood Tubing
Blood tubing is the part of the extracorporeal
circuit that carries blood from the patient’s access,
through the arterial needle, to the dialyzer, and
back to the patient through the venous needle.
There are two segments of blood tubing. The
arterial segment is often color-coded red. The
venous segment is often color-coded blue. Parts
of the blood tubing include patient connectors,
dialyzer connectors, drip chamber/bubble trap,
blood pump segment, and heparin and saline
infusion lines.
Blood Urea Nitrogen (BUN)
Urea is a waste product of protein metabolism.
It is measured as blood urea nitrogen (BUN).
Failed kidneys cannot remove urea, which builds
up in the body between treatments. BUN is easy
and low-cost to measure, so it is used as a standin for other wastes that are harder to identify or
measure. BUN levels are the basis of the urea
reduction ratio and urea kinetic modeling—
methods used to assess the adequacy of dialysis.
(See also: Hemodialysis Adequacy, Urea Kinetic
Modeling, Urea Reduction Ratio, Uremia.)
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Bone Disease
See: Renal Osteodystrophy, Secondary
Hyperparathyroidism.
Brachial Pulse
The brachial pulse is the pulse felt in the crease
of the elbow at the brachial artery.
Brachiocephalic Fistula
A brachiocephalic fistula is the most common
type of AV fistula of the upper arm. It is created
by surgically joining the brachial artery to the
cephalic vein.
Brine
Brine is a concentrated saline solution. In dialysis
water treatment, brine is used to flush the resin
bed of a water softener. This recharges the softener with sodium chloride ions. These ions are
then exchanged with calcium and magnesium
to soften the water.
Bruit
A bruit is a buzzing or swooshing sound caused
by the high-pressure flow of blood through a
patient’s fistula or graft. The bruit can be heard
through a stethoscope at the anastomosis, and
for some length along the access. A high-pitched
bruit may mean there is stenosis of the access.
Bubble Trap
See: Drip Chamber.
Buffer
A buffer is a substance that keeps the pH of a
solution at a constant level, even when an acid or
base is added. Bicarbonate is the buffer used in
dialysis to maintain the pH of dialysate.
(See also: Acid, Base, Bicarbonate.)
M o d u l e
Buttonhole Technique
Capillaries
In the Buttonhole technique, dialysis needles
are placed in a fistula (not a graft) into the same
holes at the same angle. Over 3–4 weeks, this
creates pierced earring-like tracts that guide the
needles to the right spots. The patient or the
same staff person should place the needles. Once
the tracts are formed, special blunt needles are
used to avoid cutting new tracts. Buttonhole
cannulation is quick to do, less likely to infiltrate,
and largely painless for the patient. (See also:
Needle Site Rotation.)
Capillaries are tiny blood vessels, where oxygenated blood crosses from arteries into veins. They
are smaller than a human hair; blood cells must
line up single file to pass through. Unlike arteries
and veins, capillary walls are semipermeable. The
walls let oxygen, nutrients, and waste products pass
through. In the kidneys, each glomerulus is a ball
of capillaries that filters out wastes from the blood.
Bypass
Bypass is a safety feature of the hemodialysis
delivery system. It cuts off the flow of fresh
dialysate to the dialyzer and shunts it to the drain.
Bypass keeps unsafe dialysate (wrong conductivity,
temperature, or pH) from reaching the patient
and causing harm. (See also: Hemodialysis
Delivery System.)
Calcium
Calcium is an element that exists as a cation
(positively-charged ion). In the body, calcium is
an electrolyte needed for nerves and muscles to
form normal bone. It is partly bound to protein
in the blood. Too much or too little calcium in
dialysate can cause severe health problems or death
for patients. Patient blood levels of calcium are
checked once a month. Calcium in a dialysis feed
water supply can combine with other substances
to form scale that can clog equipment. (See also:
Electrolyte, Hypercalcemia, Hypocalcemia.)
Cannula
See: Shunt.
Cannulate
Cannulate means to put dialysis needles into a
fistula or graft. (See also: Buttonhole Technique,
Needle Site Rotation.)
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Carbon Tank
Carbon tanks are water treatment devices. They
contain granular, activated carbon that adsorbs
low molecular weight particles from water.
Carbon tanks are mainly used to remove chlorine,
chloramines, pesticides, solvents, and some trace
organic substances from water used for dialysis.
Cardiac Arrest
Cardiac arrest occurs when the heart stops beating.
Cardiac arrest can be a deadly side effect of some
dialysis problems, such as too-warm dialysate,
wrong dialysate concentration, hemolysis, severe
blood loss, or a large amount of air in the bloodstream. Hyperkalemia (high blood potassium
levels) can also cause cardiac arrest.
Cardiac Output
Cardiac output is the amount of blood passing
through the heart in a certain period of time.
Having an AV fistula or graft causes a 10%
increase in cardiac output. This causes a 10%
increase in the size of the heart. Patients who
can’t tolerate this increase in cardiac output can’t
have AV fistulae or grafts.
Catabolism
Catabolism is a chemical process that occurs
in the body. Substances, such as proteins, are
broken down, forming wastes. These wastes
(e.g., urea) are removed by healthy kidneys.
In dialysis patients, the wastes must be removed
by the treatment.
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Catheter
A catheter is a plastic tube. In hemodialysis, a
catheter can be placed in a large, central vein for
short-term or longer-term access. In peritoneal
dialysis, a catheter is placed in the abdomen or
chest. It is used to infuse fresh dialysate into the
peritoneum and drain used dialysate.
(See also: Presternal Catheter.)
Cation
A cation is a positively-charged ion. In water
treatment, cations can be removed by ion
exchange or reverse osmosis to ensure safe water
for dialysate and dialyzer reprocessing. (See also:
Anion, Deionization Tank, Ion.)
Cellulose
Cellulose is a fiber that forms the cell walls of
plants. Cellulose acetate was used as the first
dialyzer membrane by Dr. Willem Kolff in 1942.
It was also the first substance used to make reverse
osmosis membranes for water treatment. To form
a membrane, cellulose can be dissolved in a solution with copper salts and ammonium, then spun
into sheets or hollow fibers. Cellulose dialyzer
membranes are the most likely to cause first-use
syndrome, because they are not biocompatible.
(See also: First-use Syndrome.)
Central Venous Stenosis
Central venous stenosis is narrowing of a central
vein. It can damage vessels in the arm on the
affected side so a patient can’t have a fistula or
graft. With only 10 access sites in the body, it is
vital to preserve as many as possible. Due to the
risk of stenosis, the KDOQI guidelines say the
subclavian vein should not be used for a hemodialysis catheter site. The internal jugular (IJ) vein
should be used instead.
Certified In Biomedical
Nephrology Technology (CBNT)
The CBNT certification is offered by the
National Nephrology Certification Organization,
Inc. (NNCO).
Certified In Clinical Nephrology
Technology (CCNT)
The CCNT certification is offered by the
National Nephrology Certification Organization,
Inc. (NNCO).
Chloramine
Chloramine is a mix of chlorine and ammonia.
Ammonia may be added to city water to boost
the germ-killing power of chlorine. Chloramine
is an oxidant. It destroys microbes by breaking
down their cell walls. Chloramines in dialysis
water can cause a deadly health problem called
hemolysis (rupture of red blood cells). Carbon
tanks are used to remove chloramines from water
used for dialysis.
Chloride
Chloride is a salt concentrate needed in dialysate
and in the human body. Chloride combines
with other elements to form sodium chloride,
potassium chloride, magnesium chloride, and
calcium chloride.
Chlorine
The element chlorine is a greenish yellow gas.
It can cause severe lung irritation if inhaled.
Chlorine is blended with other substances to
disinfect surfaces. Chlorine may be added to city
water to destroy microbes. Carbon tanks are
used to remove chlorine and chloramines from
water used for hemodialysis and dialyzer reuse.
Chronic
Certified Clinical Hemodialysis
Technician (CCHT)
The 2-year CCHT certification is offered by the
Nephrology Nursing Certification Committee.
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Chronic means long-term.
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Chronic Kidney Disease (CKD)
Complement Activation
Chronic kidney disease is a long, slow loss of
nephrons—and thus kidney function. CKD
can take many years to progress. It is divided
into stages based on the glomerular filtration rate
(GFR). Stage 1 CKD is mild kidney dysfunction.
Stage 5 CKD is the most severe form. (See also:
End-stage Renal Disease.)
Complement is a group of proteins in the blood
serum that work to remove pathogens from the
body. Complement activation occurs when this
system is exposed to a pathogen.
Clearance (K)
Clearance is the amount of blood (in mL) that is
completely cleared of a solute in one minute of
dialysis at a given blood and dialysate flow rate.
Dialyzer clearance affects how much treatment a
patient receives. Dialyzer makers test their products with fluids other than blood (in vitro). This
means that clearance of a dialyzer during treatment (in vivo) can vary from the maker’s stated
clearance. (See also: Hemodialysis Adequacy.)
Clinical Practice Guidelines
Clinical practice guidelines are the suggestions
of experts to improve patient outcomes. The
National Kidney Foundation (NKF) DOQITM
guidelines were written by expert panels who
reviewed many research studies. CMS often
adopts guidelines and turns them into rules that
clinics must follow or benchmarks for good care.
Coefficient of Ultrafiltration
The KUF is the amount of water a dialyzer will
remove from the patient’s blood per hour at a
certain pressure. KUF is also called the ultrafiltration factor (UFF) or UF rate (UFR). It is stated
in milliliters (mL) per hour (hr) of water removed
for each millimeter (mm) of mercury (Hg) of
transmembrane pressure (TMP), or mL/hr/
mmHg TMP. The higher the KUF, the more water
per mL of pressure will be removed. High-flux
and high-efficiency dialyzers have a higher KUF
than conventional dialyzers. Any KUF above 8
requires volumetric control hemodialysis systems
to precisely control how much water is removed.
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Concentrate
In dialysis, concentrate is one of two salt solutions
(acid and bicarbonate) that are mixed together to
form dialysate.
Concentration
Concentration is the level of solute dissolved in a
measure of fluid. A highly-concentrated solution
has more solutes. A less-concentrated (more
dilute) solution has less solutes. One task of
healthy kidneys is to control the concentration
of urine so the right amounts of fluid and other
substances stay in the body. In dialysis, the concentration of each of substance in dialysate must
be correct to ensure a safe and effective treatment.
Concentration Gradient
See: Gradient.
Conditions for Coverage
The Conditions for Coverage for ESRD Facilities
are Medicare rules for dialysis clinics to follow to
receive federal dollars. In 2008, the Conditions
were updated for the first time in 29 years.
Medicare surveyors visit dialysis clinics to ensure
that they are following the rules.
Conductive Solute Transfer
See: Diffusion.
Conductivity
Conductivity is how well a fluid will transfer
an electrical charge. It is a measure of ions in
solution. A conductivity meter measures the
electrolyte level of dialysate to be sure it is
within safe limits. (See also: Electrolyte.)
Colony-Forming Unit (CFU)
The number of CFUs in a water or dialysate sample
is a measure of the number of living bacteria.
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Conductivity Monitor
This monitor checks the conductivity of dialysate
to be sure it is correct. If the level is wrong, an
alarm goes off and the machine goes into bypass
mode so dialysate is sent to the drain.
Continuous Quality
Improvement (CQI)
CQI is a way to improve care by choosing an area
that needs to be improved, analyzing the process
of care, finding root causes of problems, and then
making and using a plan of change.
Congestive Heart Failure (CHF)
Congestive heart failure occurs when the heart
can’t pump out enough of the blood it receives.
Excess fluid backs up into the lungs. Fluid overload from too much fluid intake or not enough
fluid removal at dialysis may lead to CHF in
dialysis patients.
Constant-Site Cannulation
See: Buttonhole Technique.
Continuous Renal Replacement
Therapy (CRRT)
CRRT is a slow, ongoing form of dialysis. It
uses the patient’s heart or a blood pump to move
blood through an extracorporeal circuit. CRRT
is most often done for many hours to gently remove extra fluid and some wastes in patients who
are too ill or unstable for standard hemodialysis.
A cartridge with a semipermeable membrane
(like a dialyzer) is used.
Contamination
Contamination means that something is impure
due to the presence of dirt, blood, or microbes.
Convection
Continuous Ambulatory
Peritoneal Dialysis (CAPD)
Convective Solute Tranfer
CAPD is peritoneal dialysis with manual exchanges
done four or five times each day. The exchanges
can be done at home or work while the patient
goes about his or her day. Each one takes about 30
minutes. CAPD is continuous, so large amounts
of wastes do not build up between treatments.
This means the diet and fluids tend to be less
restricted for CAPD than for standard in-center
hemodialysis. Because the patient can dialyze on
his or her own schedule, this treatment is workfriendly. (See also: Exchange, Peritoneal Dialysis.)
Continuous Cycling Peritoneal
Dialysis (CCPD)
CCPD, or automated peritoneal dialysis (APD),
is PD using a cycler machine to do exchanges
at night while the patient sleeps. Because the
patient’s days are free, this treatment is workfriendly. Some patients may use a cycler at night
and do one exchange by hand at mid-day.
(See also: Exchange, Peritoneal Dialysis.)
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See: Solvent Drag.
See: Solvent Drag.
Countercurrent Flow
Countercurrent flow in a dialyzer occurs when
blood moves one way and dialysate flows the
other way. This type of flow allows for the most
efficient dialysis because it keeps the blood in
constant contact with fresh dialysate.
Creatinine
Creatinine is a waste product of muscle use that
healthy kidneys remove from the blood. Larger
people with more muscle tend to have higher creatinine levels in their blood. Higher-than-normal
creatinine levels may be a sign of kidney disease.
Creatinine Clearance
Creatinine clearance is a urine test that measures
how well the kidneys remove creatinine from the
blood in a certain amount of time. As kidney
disease worsens, creatinine clearance will fall to
10% of normal or less.
M o d u l e
Crenation
Diabetes
Crenation is the shriveling of blood cells. This can
occur if blood cells are exposed to dialysate that
is more concentrated than blood (hypertonic). If
crenation is present, the blood will look dark red.
Crenation can be fatal.
There are two main types of diabetes, and both
can harm the kidneys. In type 1, the immune
system kills the pancreas cells that make insulin.
In type 2, the pancreas does not make enough
insulin, or the body can’t use what it does make.
CROWNWeb
Diabetic Nephropathy
CROWNWeb is Consolidated Renal Operations
in a Web-enabled Network. It is a computer
program that allows clinics to send their required
data to the ESRD Networks.
Diabetic nephropathy is kidney disease that results
from diabetes. Type 2 diabetes, a shortage of or
resistance to insulin, is the number one cause of
kidney failure in the US. In type 1 diabetes, the
immune system destroys the pancreas cells that
make insulin. Diabetes is a disease of the blood
vessels. It causes heart disease and nerve damage.
Diabetes is also the leading cause of blindness and
loss of limb in the US.
Cuffed Tunneled Catheters
Cuffed tunneled catheters are placed into a large,
central blood vessel through a tunnel formed under
the skin. Inside the tunnel, tissue grows into an
attached cuff. The cuff makes the catheter more
stable and is a physical barrier against bacteria.
Cyanosis
Cyanosis is bluish-colored skin, lips, gums, and
fingernail beds from lack of oxygen. It may be
present in patients with methemoglobinemia,
caused by exposure to dialysate made from water
that contains high levels of nitrates.
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Dialysate
Dialysate is a precise mixture of treated water
and chemicals. It is used in dialysis to create a
concentration gradient to remove wastes from the
blood. Sodium, calcium, magnesium, chloride,
potassium, glucose, and bicarbonate are most
often included, at levels like those of normal
blood. Dialysate must be mixed properly or
patients can be harmed. (See also: Gradient.)
Dehydration
Dehydration means the body does not have
enough water. It may be caused by diarrhea,
vomiting, heavy sweating, or removing too much
water at dialysis. A dehydrated patient may have
low blood pressure, sunken eyes, be listless, and
have poor skin tone. (See also: Hypotension.)
Deionization (DI) Tank
Part of a water treatment system, a DI tank uses
beds of resin beads to remove unwanted ions from
water used for dialysis. The unwanted ions are
exchanged for hydrogen (H+) and hydroxide (OH-)
ions to form pure water (H2O).
Dialysate Delivery System
See: Hemodialysis Delivery System.
Dialysis
Dialysis is a process of removing wastes and excess
water from the blood of people whose kidneys
have failed. It may be done using a dialyzer
(hemodialysis) or the patient’s own peritoneum
(peritoneal dialysis) as a filter. (See also:
Hemodialysis, Peritoneal Dialysis.)
Dialysis Adequacy
See: Hemodialysis Adequacy, Peritoneal Dialysis
Adequacy.
Delivery System
See: Hemodialysis Delivery System.
Dialysis Chain
See: Large Dialysis Organization.
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Dialysis Dementia
Diffusion
See: Encephalopathy.
Diffusion is the principle on which dialysis is
based. Dissolved particles will move across a
semipermeable membrane from a higher solute
level to a lower one. The process will go on until
both sides of the membrane have the same solute
level. In dialysis, diffusion removes wastes from
the blood. Dialysate has no wastes, so wastes in
the blood diffuse across the dialyzer membrane
into the dialysate. The rate of diffusion depends
on the concentration gradient, temperature, and
size of the wastes and the membrane pores.
Diffusion is also called conductive solute transfer.
Dialysis Disequilibrium Syndrome
Dialysis disequilibrium syndrome occurs when
rapid or drastic changes in the patient’s extracellular water affect the brain. Urea transfers more
slowly from the brain tissue to the blood. This
means water can be drawn into the brain and
cause swelling. This syndrome occurs most often
in acute renal failure or when BUN levels are very
high. (See also: Blood Urea Nitrogen.)
Dialysis Outcomes And Practice
Pattern Study (DOPPS)
The DOPPS is a long-term study of patients in
Australia, Belgium, Canada, France, Germany,
Italy, Japan, New Zealand, Spain, Sweden, the
United Kingdom, and the US. The goal of
DOPPS is to help patients live longer by looking at practice patterns in centers. The data are
used to help find practices that can be changed to
improve patient outcomes.
Dialyzer
A dialyzer is a semipermeable membrane in a plastic
cylinder. Dialyzers are used in hemodialysis to filter
wastes and water out of the blood of patients with
kidney failure. Ports on the cylinder let blood and
dialysate flow in and out. The membrane keeps
blood and dialysate apart, but allows an exchange of
water and some solutes to occur. (See also: Hollow
Fiber Dialyzer, Semipermeable Membrane.)
Disequilibrium Syndrome
See: Dialysis Disequilibrium Syndrome.
Disinfectant
A disinfectant is a chemical or process (e.g., heat)
that destroys or slows the growth of harmful
microbes. To work, disinfectants need time. They
must stay moist and in contact with a surface. Some
common equipment disinfectants are heat, bleach,
formaldehyde, glutaraldehyde, Renalin&reg;, citric acid,
and Amuchina&reg;. Disinfectants are also used to clean
water treatment ports before taking a water sample
and to wipe off surfaces in the center.
Distal
Distal means far. In anatomy, distal is far from
the center of the body. The hands and feet are
distal extremities.
Diuretic
Dialyzer Reprocessing
See: Reprocessing.
Diastolic
Diastolic blood pressure is the pressure of blood
against the arteries when the heart rate is at rest
(between beats). It is the bottom number of a
blood pressure reading. (See also: Systolic.)
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A diuretic is a drug that causes someone to make
more urine. Some diuretics can cause hypokalemia
because they promote the loss of potassium in the
urine. Diuretics are the first line of treatment for
high blood pressure. They may be used for kidney
patients before they start dialysis. Once the kidneys stop making urine, diuretics no longer work.
(See also: Hypokalemia.)
M o d u l e
Documentation
Ecchymosis
Documentation is information about a patient’s
care entered in the permanent medical record or
chart. It is vital to track the patient’s progress,
to provide a way to follow up on each patient’s
response to treatment, and to ensure continuity
of care. A patient’s chart is legal evidence of the
care he or she received. If a task wasn’t charted,
it wasn’t done.
An ecchymosis is a bruise or bleeding under the
skin. In dialysis patients, an ecchymosis can be a
sign that too much heparin has been given. Or, it
can mean that not enough pressure was placed on
the needle sites after the needles were removed.
Drip Chamber
An arterial or venous drip chamber checks arterial
or venous pressure in the extracorporeal circuit.
A bubble trap in the drip chamber collects any air
that enters the blood tubing.
Dry Ultrafiltration
See: Isolated Ultrafiltration.
Dry Weight
Dry weight is the patient’s weight without excess
fluid. When dry weight is reached, there are no
signs of fluid overload or dehydration. Breathing
is normal, with no signs of fluid in the lungs.
And, blood pressure is normal for the patient (not
too high or too low). “Target weight” is the goal
weight for a given dialysis treatment and is most
often determined by the dry weight.
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Edema
Edema is water retention with swelling in body
tissues. It occurs as a result of fluid overload or
other health problems, such as congestive heart
failure. This swelling may be seen in the patient’s
eyelids, ankles, feet, hands, abdomen, or lower
back area. “Pitting” edema is present when a
finger pushed against the skin of the ankle leaves
a dent. Report this to the nurse if you see it.
(See also: Dry Weight, Pulmonary Edema.)
Efferent
Efferent means away from an organ.
Electrolyte
An electrolyte is a compound that breaks apart into
ions when dissolved in water. Electrolytes send
electrical signals along the nerves to the muscles,
including the heart. In the body, healthy kidneys
keep electrolytes in balance. Sodium, potassium,
magnesium, chloride, and calcium are electrolytes.
Each is added to dialysate in precise amounts.
Dwell Time
In hemodialysis, dwell time is the length of time
a disinfectant must stay in a dialyzer while
reprocessing. If a disinfectant is used on the
hemodialysis delivery system, it must dwell in
the fluid pathways long enough to kill microbes.
Then, it is rinsed out. In peritoneal dialysis, dwell
time is the length of time dialysate stays in the
patient’s abdomen before it is drained.
Embolus
See: Air Embolism.
Empty Bed Contact Time (EBCT)
Empty bed contact time is the amount of time
that feed water must stay in contact with the
charcoal bed in a carbon tank during water
treatment to remove chlorine and chloramines.
Dyspnea
Dyspnea means trouble breathing or shortness
of breath. It can be a symptom of fluid overload,
anemia, or heart or lung disease. Dyspnea can
also occur at dialysis due to problems such as an
air embolism.
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Encephalopathy
Erythropoietin (EPO)
Encephalopathy is a change in brain function
that can be fatal. Patients may seem confused
or may lose short-term memory. You may see a
change in personality or speech. Muscle spasms,
hallucinations, and seizures can also occur.
Chronic exposure to high levels of aluminum can
cause the problem. Aluminum can come from
dialysate water, some antacids, and cookware.
Erythropoietin is a hormone made by healthy
kidneys that tell the bone marrow to make red
blood cells.
Endocrine Function
Endocrine function—making hormones—is one
of the tasks of healthy kidneys. Kidneys make
hormones that control blood pressure and tell the
bone marrow to make red blood cells. They also
convert Vitamin D into an active form the body
can use to absorb calcium.
Endotoxin
Endotoxin (lipopolysaccharide) is a toxic part of
the cell walls of some bacteria. Live bacteria can
shed endotoxin, and it is released when they die.
Endotoxin is not alive, so it can’t be killed. If
endotoxin enters a patient’s body, it can cause
pyrogenic reactions. Endotoxin is a concern in
water treatment and dialyzer reprocessing. To
control it, we reduce bacteria count of the water
or remove it with an ultrafilter.
(See also: Pyrogenic Reaction.)
ESRD Networks
ESRD Networks were formed by the US Congress
in 1978. Their job is to oversee dialysis centers
and make sure patients receive high-quality care.
The Networks collect data, take steps to improve
quality, and promote rehabilitation. They also
handle patient grievances and give resources to
ESRD staff and patients. There are 18 regional
ESRD Networks in the US.
Ethylene Oxide (ETO)
ETO is a gas used by some manufacturers to sterilize new dialyzers. Patients who are hypersensitive
to ETO may have first-use syndrome if a new
dialyzer is not properly rinsed.
Exchange
In peritoneal dialysis, an exchange occurs each
time used dialysate is drained and replaced with
fresh after a dwell time. Exchanges may be done
by hand or with a cycler machine. (See also:
Continuous Ambulatory Peritoneal Dialysis,
Continuous Cycling Peritoneal Dialysis.)
Excretory Function
End-Stage Renal Disease (ESRD)
ESRD is a legal term for complete and permanent
loss of kidney function. This occurs during the
last stage (stage 5) of chronic kidney disease, when
dialysis or a transplant is needed for the patient to
live. Patients have ESRD when their glomerular
filtration rate has dropped to less than 15.
(See also: Chronic Kidney Disease, Glomerular
Filtration Rate.)
Equilibrium
Equilibrium is a state of balance. Diffusion and
osmosis both go on until equilibrium has been
reached: the levels of solutes or fluid are equal on
both sides of a semipermeable membrane.
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To excrete means to eliminate from the body.
The excretory function of healthy kidneys is to
remove wastes and excess water as urine.
Exsanguination
Exsanguination is a severe loss of blood that can
be fatal. At dialysis, this can occur if a needle is
dislodged, a bloodline separates, an access ruptures, or there is a crack in a dialyzer casing. All
of these problems can be prevented.
Extracellular
Extracellular means outside the cells. About
one-third of the water in the body is extracellular,
between the cells and in the blood vessels. Water
must move into the blood vessels for dialysis to
remove it. The sodium in dialysate helps draw
water into the blood vessels so it can be removed.
M o d u l e
Extracorporeal
Ferritin
Extracorporeal means outside the body. Hemodialysis is an extracorporeal therapy; it takes place
outside the body.
Ferritin is an iron storage protein. It is measured
with a blood test. Ferritin stores are needed as a
building block for red blood cells. KDOQI anemia guidelines say dialysis patients’ ferritin levels
should be greater than 200 ng/mL. Most patients
need intravenous iron to keep their ferritin levels
at this level.
Extracorporeal Circuit
The extracorporeal circuit is the arterial bloodline,
dialyzer, venous bloodline, and extracorporeal
circuit monitors. It is an extension of the patient’s
blood vessels outside of the body, bringing blood
from the access to the dialyzer and then back to
the patient. (See also: Blood Tubing, Dialyzer.)
Extracorporeal Circuit Monitors
Extracorporeal circuit monitors include a blood
flow monitor, arterial or venous pressure monitors
(measured at drip chambers), an air detector,
and a blood leak detector. Each will shut off the
blood pump and clamp the venous bloodline if
the pressure is too high, air gets in the venous
bloodline, or there is blood in the used dialysate.
(See also: Air Detector, Arterial Pressure, Blood
Leak Detector, Venous Pressure.)
Extraskeletal Calcification
Extraskeletal calcification occurs when calcium
phosphate crystals form in blood vessels or soft
tissues. Though rare, it can cause gangrene, loss
of limb, and death. Patients with high blood
(serum) levels of calcium and phosphorus are at
a higher risk for the problem. If you see that a
patient has mottled, painful, purplish skin (often
in the same place on both sides of the body), tell
the nurse or nephrologist right away.
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Fiber Bundle Volume (FBV)
Fiber bundle volume or total cell volume (TCV) is
a measure of the volume of fluid the hollow fibers
in a dialyzer can hold. FBV is checked before a
dialyzer is used and again after each reprocessing.
Reprocessing a dialyzer can reduce its FBV.
Fibrin Sheath
A fibrin sheath is a cluster of blood clotting fibers
that build up on the outside of a catheter lumen.
The fibers can form a cap that blocks the end of
a catheter and reduces blood flow.
Fibrosis
Fibrosis is overgrowth of scar tissue. Fibrosis can
develop in a fistula due to needle punctures for
dialysis. Scar tissue builds up, narrowing the
lumen of the vessel and reducing blood flow.
Filters
Filters are devices that remove particles, solutes,
and other substances by passing solutions that
contain them through membranes that have holes
of various sizes.
Filtration
Feed Water
Feed water is untreated tap water before it passes
through a water treatment system. Feed water
must pass through all of the parts of a water
treatment system before it is used for dialysis.
Filtration is the process of passing a fluid through
a filter. In dialysis, filtration forces water out of
the patient’s blood and across the dialyzer membrane by using pressure.
First-Use Syndrome
Femoral Catheter
A femoral catheter is a short-term vascular access
placed in the femoral vein in the groin. This vein
is easy to reach and leaves blood vessels in the
upper body to be used for a fistula or graft. But,
the groin is quite prone to infection. It is most
often used for critically ill or bedridden patients.
First-use syndrome is a reaction to a new dialyzer.
Shortly after a treatment starts, patients may feel
nervous, have itching, chest or back pain, or palpitations (skipped or missed heartbeats). First-use
syndrome may be caused by ethylene oxide gas or
manufacturing residues. Preprocessing a dialyzer
may help remove some of these substances.
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Fistula
Formaldehyde
See: Arteriovenous Fistula.
Formaldehyde is a poisonous, clear, strong-smelling
gas. In its liquid form (37% gas in water), it is
called aqueous formaldehyde or Formalin&reg;.
Formalin is a germicide used to disinfect dialysate delivery systems or reprocess dialyzers. The
liquid form is volatile. It changes into a vapor
that can penetrate and disinfect even small spaces.
Formaldehyde is a known cancer-causing agent.
Centers must follow OSHA safety rules to keep
patients and staff safe.
Flocculant
A flocculant is a chemical added to drinking
water to remove solid particles from the water to
make it clearer. Alum is one substance that may
be used as a flocculant.
Flow
A flow is a stream. Blood flow to each organ in
the body is based on the amount and pressure of
blood delivered by the heart, and the resistance
the blood meets in the blood vessels. Blood flow
in the extracorporeal circuit is based on the blood
pump setting, resistance in the extracorporeal
circuit, and the access.
Flow Rate
Flow rate is the amount of fluid that flows
through the tubing in a given period of time.
Flow Velocity
Flow velocity is the speed at which the fluid
moves through a given length of tubing.
Fluid Movement
See: Osmosis.
Flush
See: Priming.
Formalin&reg;
Formalin is the trademark name for a 37%
solution of formaldehyde.
Free Chlorine
Free chlorine is chlorine that is not chemically
bound to other substances.
(See also: Chloramine.)
Gauge
A gauge is a standard of measurement for needle
sizes.
Glomerular Filtration Rate (GFR)
GFR is the volume of blood filtered by the glomeruli each minute, in mL/min. A normal GFR
is about 120 to 130 mL/min. Chronic kidney
disease is divided into stages based on the level of
GFR. See Module 2, Table 1 on page 23 for the
stages. (See also: End-Stage Renal Disease.)
Food And Drug Administration (FDA)
The FDA is a federal agency. It makes rules
that cover the release and marketing of drugs
and medical devices, such as dialyzers and
reprocessing machines.
Glomerulonephritis
Glomerulonephritis is an inflammation that damages the glomeruli. It can be slow and progressive
or rapid in onset. It may occur as an immune
response to a strep infection. Hypertension often
occurs with it.
Glomerulosclerosis
Glomerulosclerosis is a hardening of the glomeruli.
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Glomerulus
Hemastix&reg;
A glomerulus is a tangled ball of capillaries in
each nephron. It is held together by a membrane
called a Bowman’s capsule. Water and small
solutes are forced through filtration slits in each
glomerulus by the pressure of the beating heart.
The fluid that results is called glomerular filtrate.
(Plural: Glomeruli.)
A Hemastix is a reagent strip that reacts to blood.
When the blood leak detector shows that there is
blood in the used dialysate—but the blood can’t
be seen—a Hemastix strip is used to check the
extent of the leak.
Gradient
A gradient is a difference. A concentration gradient
is a difference in the level of solutes between two
fluids kept apart by a semipermeable membrane. In
dialysis, the fluids are blood and dialysate.
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Hematocrit
Hematocrit (Hct) is a measure of red cells in the
blood. It is stated as a percentage of red blood
cells per total blood volume. Routine checks of
Hct levels were used to assess anemia in the past.
(See also: Hemoglobin.)
Hematoma
Graft
To graft is to join one thing surgically to another.
In hemodialysis, a graft is a piece of man-made
vessel that is used to create a vascular access. One
end of the graft is connected to the patient’s
artery, the other to the vein.
A hematoma is a painful, hard, black and blue
mass of blood under the skin. It caused by blood
leaking out of a vessel into the tissues. Hematomas
can form when dialysis needles are placed, infiltrated, or taken out. A hematoma can compress
the access, making a clot more likely.
(See also: Infiltration.)
Gram-Negative
Gram-negative bacteria live in water and form an
electrically charged biofilm (slime) that lets them
cling to surfaces like dialysate jugs or hoses.
Biofilm protects the bacteria from disinfectants,
and is very hard to remove. For example, Achromobacter is a Gram-negative bacteria that can
contaminate dialysis water or dialysate. Acinetobacter, Aeromonas, Alcaligenes, Flavobacterium,
Moraxella, Pseudomonas, and Serratia are other
types of Gram-negative bacteria.
Gram-Positive
Gram-positive bacteria turn purple with a Gram’s
stain. Staphylococci are Gram-positive bacteria
that cause most access infections.
Heat Disinfection
Heat can be used instead of chemicals to disinfect
some types of dialyzers and equipment. The use
of heat prevents patient and staff exposure to
chemicals. Cellulose dialyzer membranes degrade
in heat and cannot be disinfected in this way.
Hemoconcentration
Hemoconcentration is dehydration of the blood.
This can occur in the extracorporeal circuit if
ultrafiltration goes on after the blood pump is
turned off. Recirculation can also lead to this
problem. Hemoconcentration can lead to blood
clotting, which can harm the patient’s access.
Hemodialysis
Hemodialysis removes excess water and wastes
from the blood by passing it through a dialyzer.
Blood goes to the dialyzer and back to the patient’s
body through tubing connected to needles that are
placed in a vascular access. Water and wastes pass
through the semipermeable dialyzer membrane
and into the dialysate. Alarms and monitors help
ensure a safe treatment. Treatments can be done
in a center or at home, during the day or at night
while the patient sleeps.
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Hemodialysis Adequacy
Hemolysis
Hemodialysis adequacy is the least amount of
treatment patients need to live. It is measured
with urea kinetic modeling (Kt/V) or the urea
reduction ratio (URR). KDOQI guidelines say
the delivered Kt/V must be at least 1.2 (with a
prescribed Kt/V of 1.4). A minimum delivered
URR must be about 65% (with a prescribed
URR of about 70%). (See also: Urea Kinetic
Modeling, Urea Reduction Ratio.)
Hemolysis is red blood cell rupture. It is a lifethreatening problem that needs urgent care from a
doctor. Hemolysis may be caused by hyponatremia
(low blood sodium); dialysate that is too hot or too
dilute (hypotonic); chloramines, copper, or nitrates
in dialysate water; formaldehyde or bleach in the
dialysate; low dialysate conductivity; too-high
pre-pump arterial pressure; transfusions with the
wrong blood type; kinked blood tubing; some
drugs; and certain diseases.
Hemodialysis Delivery System
The delivery system is a machine that has a blood
pump, dialysate delivery system, and safety
monitors. The blood pump moves blood from
the patient’s access through the dialyzer and back
to the patient. The machine makes dialysate by
mixing treated water with two types of concentrate. Safety alarms check blood and dialysate
flow, dialysate temperature, conductivity, venous
and arterial pressure, blood-in-dialysate leaks, and,
often, the patient’s blood pressure.
Hemolytic Anemia
Hemodialysis Reliable
Outflow (HeRO)
Heparin
The HeRO&reg; is a type of dialysis graft. It can be
used for patients whose only access choice was a
catheter due to central venous stenosis and blockages. The HeRO is a 6 mm ePTFE graft with an
arterial anastomosis on one side. On the other
side, it has a 5 mm silicone outflow into a central
vein, with the tip placed in the right atrium of the
heart. The HeRO is completely under the skin. It
has continuous flow from the graft into the outflow
component. It is FDA-approved as a graft, and
needles are placed in it just like any other graft.
Hemoglobin
Hemoglobin (Hgb) is the red, oxygen-carrying
pigment of red blood cells. Routinely checking
Hgb levels lets the care team follow the patient’s
response to anemia treatment and alerts them to
any chronic blood loss. (See also: Anemia.)
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Hemolytic anemia is a shortage of red blood cells
due to hemolysis.
Hemothorax
A hemothorax is a collection of blood in the chest
that keeps the lungs from fully expanding. This
causes trouble breathing. The problem can occur
if a blood vessel is punctured when a hemodialysis
catheter is placed.
Heparin is a blood thinner used during dialysis so
blood will flow freely through the extracorporeal
circuit. It can be given as a bolus (single dose),
intermittently (on and off), or continuously.
Continuous infusion uses a pump to slowly inject
heparin into the circuit at a prescribed rate during
a treatment.
Heparin Infusion Line
The heparin infusion line is a small tube that
extends from the blood tubing. It allows heparin
to be given during dialysis. The line is most often
found on the arterial blood tubing segment just
before the dialyzer.
M o d u l e
Heparin Infusion Pump
HIPAA
A heparin infusion pump consists of a syringe
holder, a piston, and an electric motor. It is used
to deliver precise amounts of heparin during dialysis. The heparin pump is connected to the heparin
infusion line, which is part of the extracorporeal
blood tubing. Most dialysis machines have a
heparin delivery system, although stand-alone
heparin pumps are still used in some settings.
HIPAA is the Health Insurance Portability and
Accountability Act. This Act requires that patients’
personal health information be kept confidential.
Hepatitis
Hepatitis is inflammation of the liver. It can be
caused by one of three viruses (A, B, or C).
Hepatitis B and C are spread through contact
with infected blood or other body fluids, and are
a concern for dialysis patients and staff. Hepatitis
can cause permanent liver damage or death.
Vaccination against the hepatitis B virus should
be offered to all staff and patients. Infection
control is used to prevent the spread of hepatitis
and other diseases.
High-Efficiency Dialysis
High-efficiency dialysis uses dialyzers that can
remove more small solutes (e.g., urea) than conventional ones. Larger-gauge needles and blood
flow rates from 300–500 mL/min are most often
used. The US government requires ultrafiltration
control when a dialyzer with a KUf above 8 is used.
(See also: Coefficient of Ultrafiltration.)
High-Flux Dialysis
High-flux dialysis uses a dialyzer with a KUf value
higher than 8. Ultrafiltration control must be
used. High-flux dialyzers can remove more fluid
and large wastes, such as beta-2-microglobulin.
High-Output Cardiac Failure
High-output cardiac failure occurs when the
patient’s heart cannot work hard enough to pump
out the extra blood sent to it by an AV fistula or
graft. (See also: Cardiac Output.)
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Hollow Fiber Dialyzer
Thousands of tiny hollow fibers form the membrane of this dialyzer. The fibers are held in place
at each end by a plastic potting material. Both
the fibers and the potting material are encased
in a hard plastic cylinder. During dialysis, blood
flows through the hollow tubes, while dialysate
flows around them. This type of dialyzer allows
for well-controlled and predictable diffusion and
ultrafiltration. It is the only type of dialyzer on
the market in the US.
Homeostasis
Homeostasis is a constant internal balance in
the body. Healthy kidneys help maintain fluid
balance, acid/base balance, hormone balance,
and electrolyte balance. All of these are key
aspects of homeostasis.
Hormones
Hormones are chemical messages made in one
organ or gland that act on another part of the
body. Healthy kidneys make a hormone (erythropoietin) that tells the bone marrow to make
red blood cells and other hormones that control
blood pressure and use of calcium in the body.
Human Immunodeficiency Virus (HIV)
HIV is a virus that attacks the immune system.
It destroys the white blood cells that fight disease
(T-lymphocytes). HIV is spread through blood,
semen, vaginal secretions, peritoneal fluids, and
breast milk. Over time, people who have HIV
can develop acquired immunodeficiency syndrome
(AIDS). Damage to the immune system caused
by AIDS leaves the body open to infections and
cancers that rarely occur in people with healthy
immune systems. There are treatments, but it is
best to prevent the spread of HIV with infection
control. (See also: Infection Control,
Opportunistic Illnesses.)
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Hydraulic Pressure
Hypernatremia
Hydraulic pressure is water pressure. It can be
created naturally (such as from gravity) or artificially (such as from a pump). Hydraulic pressure
affects the amount of water that is removed from
the patient during dialysis.
Hypernatremia means too much sodium (an electrolyte) in the blood. Excess sodium in the blood
causes water to move out of the cells—including
red blood cells. It can cause headaches, high blood
pressure, and crenation. (See also: Electrolyte.)
Hydrophobic
Hyperphosphatemia
Hydrophobic means water-repellent.
Hyperphosphatemia means too much phosphorus
in the blood. It is most often found in patients
who eat a lot of protein or dairy foods and don’t
take enough phosphate binders. Phosphorus is a
component of bones. It is key to energy transfer
between cells. Hyperphosphatemia can cause
severe itching in the short term and bone damage
in the long term. When it occurs with hypercalcemia, hypercalcemia can cause fractures, bone
pain, and sharp calcium phosphate crystals in the
soft tissues. (See also: Extraskeletal Calcification.)
Hyper-
The prefix “hyper” means beyond, above, more,
or too much. For example, hyperactivity is an
above-normal activity level.
Hypercalcemia
Hypercalcemia means too much calcium (an electrolyte) in the blood. Patients with this problem
may have muscle weakness, fatigue, constipation,
loss of appetite, abdominal cramps, nausea and
vomiting, and coma. (See also: Electrolyte,
Extraskeletal Calcification.)
Hyperglycemia
Hyperglycemia means high blood sugar levels.
Thirst may be a symptom of hyperglycemia in
a patient who has diabetes.
Hyperkalemia
Hyperkalemia means too much potassium (an
electrolyte) in the blood. Patients with this problem may have muscle weakness, heart arrhythmia,
cardiac arrest, or may die. Hyperkalemia can
occur if a patient eats too many high-potassium
foods or if dialysate with too much potassium is
used. Bleeding, hemolysis, surgery, or fever can
also cause this problem because as tissue breaks
down potassium is released from cells into the
bloodstream. (See also: Electrolyte.)
Hypermagnesemia
Hypermagnesemia means too much magnesium
(an electrolyte) in the blood. Magnesium is
needed for muscle and nerve function. Patients
with hypermagnesemia may feel sleepy or have
nerve problems, low blood pressure, and slower
breathing. In severe cases, cardiac arrest may
occur. (See also: Electrolyte.)
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Hyperplasia
Hyperplasia is overgrowth of cells. Clotting
in the middle of a vascular access graft is often
caused by clumps of platelets that build up on
areas of hyperplasia.
Hypersensitivity
Hypersensitivity is above-normal sensitivity or
allergy. Hypersensitivity reactions occur most
often with cellulose dialyzers. This can cause
anaphylaxis in some patients.
(See also: Anaphylactic Reaction.)
Hypertension
Hypertension is high blood pressure. It can be a
cause or result of kidney failure and is the second
most common cause of kidney disease in the US.
High blood pressure can raise the risk of a stroke
and damage the kidneys, heart, blood vessels,
eyes, and other organs. Patients on standard
in-center hemodialysis often take more than one
blood pressure drug to control hypertension.
M o d u l e
Hypertonic
Hyponatremia
A hypertonic solution has a higher osmotic concentration than another solution. Use of hypertonic
saline (more concentrated than the blood) can
draw more water into the blood if a patient feels
dizzy or faint. Since its use leaves excess sodium in
the blood, this practice has fallen out of favor.
Hyponatremia means below-normal levels of
sodium (an electrolyte) in the blood. Without
enough sodium, water moves out of the extracellular space and into the cells. This can cause low
blood pressure and hemolysis. Symptoms can
include muscle cramping, restlessness, anxiety,
access pain, headaches, and nausea.
(See also: Electrolyte.)
Hypo-
The prefix “hypo” means below, beneath, or too
little. For example, a hypodermic needle is a
needle that is inserted beneath the skin.
Hypocalcemia
Hypocalcemia means not enough calcium (an
electrolyte) in the blood. Hypocalcemia can cause
tetany—spasms and twitching of the muscles—or
seizures. Low blood calcium can occur in kidney
disease due to the loss of calcitriol production by
the failing kidneys. Calcitriol lets the body absorb
calcium from the diet. (See also: Electrolyte.)
Hypoglycemia
Hypoglycemia means below-normal levels of
sugar in the blood. In a patient with diabetes,
this can cause hunger, nervousness, shaking,
weakness, sweating, dizziness, sleepiness,
confusion, or trouble speaking. The treatment
is a fast-acting carbohydrate, like juice.
Hypokalemia
Hypokalemia means below-normal levels of
potassium (an electrolyte) in the blood. This is
rare in dialysis patients. It can occur if there is
too little potassium in the diet or in the dialysate. Hypokalemia can also be caused by a loss
of potassium due to vomiting, diarrhea, use of
potassium exchange resins, and use of diuretics
that increase the loss of potassium in the urine (if
the patient makes urine). (See also: Electrolyte.)
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Hypophosphatemia
Hypophosphatemia means below-normal levels of
phosphorus in the blood. This is rare in dialysis
patients, as phosphorus is found in most foods.
It may occur if a patient has a poor diet and takes
too many phosphate binders, or in patients who
do nocturnal HD. Low levels of phosphorus can
suggest malnutrition. Hypophosphatemia can
cause heart arrhythmias or muscle weakness.
Hypotension
Hypotension is low blood pressure. In dialysis
patients, low blood pressure occurs most often
when too much fluid is removed during dialysis
or when patients take too many blood pressure
drugs. Symptoms include severe muscle cramps;
headaches; feeling warm, restless, dizzy, faint, or
nauseated; or having visual disturbances. The
Trendelenburg position (raising the feet higher
than the heart) and giving fluids (i.e., normal
saline) help return blood pressure to normal.
Hypotonic
A hypotonic solution has a lower osmotic concentration than another solution. Use of hypotonic
dialysate (more dilute than the blood) can lead to
hemolysis (bursting of red blood cells).
Infection
An infection is an invasion of the body by
a pathogen.
Infection Control
Infection control is a series of steps taken to
prevent the spread of infection. The steps include
washing hands, using aseptic technique for invasive
procedures, disinfecting and cleaning, and wearing
protective gear.
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Infiltration
Intracellular
Infiltration is leakage of a substance into body
tissues. In dialysis patients, infiltration of blood
into the tissues around the access can occur if the
needle punctures the back of the vessel wall. To
prevent infiltration, place needles with great care.
Use of the Buttonhole technique for cannulation
can reduce the risk of infiltration.
Intracellular means within the cells. Two-thirds
of fluid in the body is inside the cells. Sodium
causes fluid to move across cell membranes
between the intracellular and extracellular spaces.
Inflammation
Intradermal
Intradermal means within the skin. Local
anesthetics may be injected intradermally.
Inflammation is tissue swelling in response to
injury, infection, or surgery.
Intramuscular
Instill
Intravascular
To instill is to place into or cause to enter.
Heparin is instilled into each lumen of a dialysis
catheter to prevent clotting in a catheter between
treatments. Dialysate is instilled into the
peritoneum for peritoneal dialysis.
Intravascular means within blood vessels.
Interdialytic
In Vitro
Interdialytic means between dialysis treatments.
Intermittent means periodically or not continuously.
Heparin can be given intermittently during dialysis.
In vitro is a Latin phrase that means in an artificial
environment. Dialyzer clearance is measured in
vitro by the manufacturer, using non-blood fluids,
like saline. Real dialyzer clearance may vary from
the in vitro clearance.
Internal Jugular (IJ) Catheter
In Vivo
Dialysis catheters may be placed in the internal
jugular vein in the neck. This site is less likely to
cause central venous stenosis than placement in the
subclavian vein. (See also: Central Venous Stenosis.)
In vivo is a Latin phrase that means in the living
body of a plant or animal. Tests done on a dialyzer
while a patient is being treated are in vivo.
Intermittent
Intramuscular means within a muscle.
Intravenous (IV)
Intravenous means within a vein. Many
medications are injected intravenously.
Ion
Interstitial Space
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The interstitial space is between the cells or
organ tissues.
An ion is an electrically-charged particle. Ions
can carry a positive charge (cation) or a negative
charge (anion).
Intima
Ion Exchange
The intima is the smooth lining of the inner surfaces of arteries and veins. The intima is covered
with a thin, fragile layer of cells that allows blood
to flow through the vessel easily. In a fistula
or graft, hyperplasia of the intima cells at the
anastomosis can cause stenosis (narrowing), which
makes blood clots more likely.
Ion exchange occurs inside a deionizer for water
treatment. Unwanted ions are traded for hydrogen
and hydroxyl ions to create pure water.
Iron Deficiency
Iron deficiency is a lack of iron in the body to
make red blood cells. Without iron, the bone
marrow can’t make red blood cells, even if erythropoietin is present. Low levels of iron can cause
a form of anemia.
M o d u l e
Ischemia
KUF
Ischemia is a lack of oxygen in the tissues due to
reduced blood flow. It can be painful. Ischemia
of the heart can cause angina pain. Steal syndrome
(ischemia of the hand) may cause hand pain; a
cold, clammy feeling; and, in extreme cases,
painful, non-healing skin ulcers.
See: Coefficient of Ultrafiltration.
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Large Dialysis Organization (LDO)
An LDO is a corporation that owns many dialysis
centers, which may be around the country.
Leach
Isolated Ultrafiltration (IU)
IU removes water, but not solutes. It uses the
extracorporeal circuit and dialyzer—without
dialysate. IU is also called dry ultrafiltration,
sequential ultrafiltration, or pure ultrafiltration.
IU can be done before, after, or without dialysis.
Its main advantage is that fluid removal is better
tolerated than with standard dialysis.
Leaching occurs when water passes through a
substance and dissolves part of it. In water treatment, copper, lead, or galvanized steel should not
be used after the blending valve because water can
leach copper or zinc from the pipes.
Leak Testing
See: Pressure Testing.
Isotonic
Loading Dose
An isotonic solution has the same osmotic
concentration as another solution. Normal saline
is isotonic; it has the same level of sodium as
the blood.
A loading dose is a dose of medication that creates
a certain blood level in the body. A loading dose
of heparin may be given after both needles are in
place, but before a treatment begins. This lets the
heparin flow through the patient’s bloodstream.
KDIGO
KDIGO stands for Kidney Disease: Improving
Global Outcomes. It is a program started by the
National Kidney Foundation in 2003 to improve
care and outcomes of kidney patients around
the world by writing and implementing clinical
practice guidelines.
KDOQI
KDOQI stands for Kidney Disease Outcomes
Quality Initiative. (See also: Clinical Practice
Guidelines.)
Local Infection
A local infection is an infection only in one
area—such as in a fistula or graft and the tissues
around it.
Lumen
The lumen is the inside diameter of a blood
vessel or a tube, such as a catheter or needle. In
stenosis, the lumen of the vascular access becomes
narrower, which limits blood flow.
Lyse
Kidney Transplant
A kidney transplant replaces the failed kidneys
with a healthy kidney from a donor. It is possible
to receive a living donor kidney from a relative,
spouse, friend, or unrelated person. Deceased
donor kidneys come from people who have had
died. Blood type and other tissue factors are used
to “match” a recipient after a medical work-up
has been done.
To lyse is to dissolve. One option for treating a
blood clot in a vascular access is to use a drug that
will lyse the clot.
Magnesium
Magnesium is a metallic mineral. It is found
in the body as an electrolyte in the intracellular
fluid. A small trace of magnesium in body fluids
is vital to the nervous system.
Kt/V
See: Urea Kinetic Modeling.
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Malnutrition
Methemoglobinemia
Malnutrition is a lack of proper nutrition. Many
people on dialysis don’t get enough protein,
which is a risk factor for death. Protein levels
are checked with a blood test for serum albumin.
This level should be 4.0 g/dL or higher.
Methemoglobinemia is loss of the oxygen-carrying
ability of red blood cells.
Medicare ESRD Program
The Medicare ESRD Program was established
by the US Congress in 1972. The program gave
Medicare coverage to patients with kidney failure
who were entitled to Social Security. The ESRD
program pays for 80% of the allowable cost of
dialysis treatment for eligible patients.
Microalbuminuria
Microalbuminuria means there are small amounts
of albumin (protein) in the urine. Albumin is a
large molecule. It does not pass through the cell
walls of healthy glomeruli. So, microalbuminuria
can be an early sign of chronic kidney disease.
Blood pressure drugs in the ACE inhibitor or
ARB class can slow the rate of kidney disease in
some people with microalbuminuria.
Microbe
Membrane Compliance
Membrane compliance is a measure of the ability
of a membrane to change shape or volume due
to pressure.
Membrane Filters
Membrane filters are water treatment cartridges.
They contain thin membranes with pores of a
specified size. Membrane filters remove small
particles and some solutes.
A microbe is a microscopic living organism, such
as a bacteria, virus, fungus, or algae.
Microns
Microns are a unit of measure for filter pores.
Filters with high micron sizes trap larger particles
and let smaller ones flow through. A submicron
filter may be needed to capture very small
particles. (See also: Filters.)
Microorganism
Metabolic Acidosis
Metabolic acidosis occurs when the acid/base
balance of body fluid and tissues shifts toward
acid due to a build-up of acid in the body. This
problem is common in dialysis patients. Their
kidneys no longer reabsorb as much bicarbonate—a buffer that keeps blood pH stable.
Metabolism
Metabolism is the sum of chemical processes that
occurs when some substances are broken down
and others are formed.
Mineral Bone Disorder (MBD)
See: Renal Osteodystrophy
Modality
A modality is a type of treatment, such as hemodialysis, peritoneal dialysis, or transplant.
Molecular Weight
To metabolize is to break down into a simpler
substance.
Molecular weight is a measure of molecule size
in Daltons (Da). The sum of the atomic weights
of all elements in a molecule of a substance is its
molecular weight. Larger molecules (like β2M)
have higher molecular weights.
Metastatic Calcification
Molecular Weight Cutoff
See: Extraskeletal Calcification.
Molecular weight cutoff is the largest solute size
that can pass through a given semipermeable
membrane.
Metabolize
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A microorganism is a microscopic living organism,
such as, bacteria, virus, fungus, or algae.
M o d u l e
Molecule
Neointimal Hyperplasia
A molecule is the smallest complete unit of a
substance that has that substance’s identity.
Neointimal hyperplasia occurs when smooth
muscle cells at the venous anastomosis grow many
extra layers of cells. These cells fill up the graft
lumen, which means less blood can flow through
the graft. (See also: Intima.)
Morbidity
Morbidity is illness and may be measured as days
of hospitalization. It is used as one measure of
patient outcomes.
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Nephrologist
Mortality
A nephrologist is a licensed doctor who specializes
in kidney diseases.
Mortality is death. Mortality is used as a measure
of patient outcomes.
Nephrology
Nephrology is the study of kidneys.
Myalgia
Myalgia is muscle pain.
Myocardial Infarction (MI)
Myocardial infarction is blockage of a heart artery.
It can lead to death of part of the heart muscle.
The patient may feel severe or crushing chest
pain—a “heart attack.” (See also: Arrhythmia.)
Nephron
A nephron is a tiny blood purification filter in
the kidney. It is made up of a glomerulus and a
tubule. Nephrons filter wastes from the body and
keep electrolyte and fluid balance. Each kidney
has about a million nephrons.
Neuropathy
Nasogastric (NG) Tube
See: Peripheral Neuropathy.
A nasogastric tube is a tube that is inserted through
the nose into the stomach. Patients who are malnourished may need to be fed through an NG tube.
Nocturnal Home
Hemodialysis (NHHD)
Needle Site Rotation
Needle site rotation is used with fistulae and
grafts. Its aim is to prevent damage that can
occur when needles are placed many times in the
same small area. Needles are always placed at
least 1.5 inches away from the anastomosis and
away from the sites used at the last treatment.
At each treatment, needle placement then moves
up and down the full length of the access.
(See also: Buttonhole technique.)
Negative Pressure
Negative pressure is pressure less than 0 mmHg.
Negative pressure plus positive pressure equals
transmembrane pressure (TMP).
NHHD treatments are done for 8 hours at night,
while the patient sleeps at home, 3 to 6 nights per
week. Most home hemodialysis programs require
the patient to have a partner. Both must successfully complete a few weeks of training. Dialysis
needles and bloodlines are carefully taped to avoid
line separation. Bedwetting alarms may be used to
detect blood. A few programs monitor treatments
over the Internet. Longer NHHD treatments
mean that patients have fewer fluid and diet limits.
Most need few or no blood pressure drugs. Since
the patient’s days are free, NHHD is work-friendly.
Studies show that survival with this treatment is
about the same as with deceased donor transplant.
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Nocturnal In-Center Hemodialysis
Osmotic Gradient
Nocturnal in-center treatments are done for 8
hours at night while the patient sleeps at the
center. They are done by the center staff 3 nights
per week, often from about 8 pm to about 4 am.
The longer treatments allow for fewer fluid and
diet limits. Most patients need few or no blood
pressure drugs. Since the patient’s days are free,
nocturnal in-center hemodialysis is work-friendly.
Studies find fewer hospital stays and better
survival with this treatment than with standard
in-center hemodialysis.
An osmotic gradient is a difference in the
concentration of solutes on each side of a
semipermeable membrane.
Normal Saline
Normal saline is a sterile salt water solution with
0.9% sodium chloride. This level is equal to the
concentration of sodium chloride found in the
blood. In hemodialysis, normal saline is used to
prime and prepare the extracorporeal circuit. It
may also be used for fluid replacement during
the treatment.
Osmotic Pressure
Osmotic pressure is a gradient created by using
dialysate that has substances, like glucose, that
cause fluid to move out of the blood and into
the dialysate. (See also: Osmosis.)
Palpate
To palpate is to examine by touching. Palpating
the thrill over a vascular access is one way to know
if the access is working (patent).
Palpitations
Palpitations are occasional, strong heartbeats.
They can be a symptom of cardiac arrhythmia.
Parathyroid Hormone (PTH)
Nosocomial means hospital-acquired. The term
is used for infections or illnesses patients get
during the course of their medical treatment.
PTH is a hormone produced by the four parathyroid glands in the neck. PTH is released into the
bloodstream in large amounts when calcium levels
are low or phosphorus levels are high. Too much
PTH can cause bone disease. (See also: Calcium.)
Opportunistic Illness
Patent
An opportunistic illness is one that tends to
occur only when a patient’s immune system is
impaired. Patients with AIDS, for example, are
prone to these illnesses because their immune
systems are weakened.
Patent (PAY-tent) means open or not blocked.
Before each dialysis treatment, patency of the
patient’s access is checked by listening for the
bruit and feeling for the thrill.
Nosocomial
Pathogen
Orthostatic Hypotension
Orthostatic hypotension is a drop in blood
pressure of 15 mmHg or more that occurs when
a person rises from sitting to standing.
Osmosis
Osmosis is movement of water across a semipermeable membrane from a lower solute concentration
to a higher one, until the water level is the same on
both sides. Osmosis is too slow to remove enough
water for hemodialysis. So, water movement is
aided by a hydraulic pressure gradient.
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A pathogen is an agent (such as bacteria) that
causes disease in humans.
Patient Outcomes
Patient outcomes are the results of care. Morbidity
and mortality are common measures of outcomes.
Others, such as the patient’s self-rated physical and
mental health, are important as well.
Percutaneous
Percutaneous means through the skin.
M o d u l e
Pericardial Effusion
Peritoneal Dialysis (PD)
Pericardial effusion is a build-up of fluid in the
pericardium, or sac around the heart. In severe
cases, it can lead to cardiac tamponade, a lifethreatening problem that occurs when fluid
pressure makes it hard or even impossible for the
heart to beat.
PD uses the peritoneum as a semipermeable
membrane to clean the blood. A surgeon places
a catheter in the patient’s abdomen or chest wall.
The patient is taught to use the catheter to fill the
abdomen with sterile dialysate. Wastes and excess
water move from the blood and into the dialysate by
diffusion and osmosis during a “dwell” time of a few
hours. (See also: Continuous Ambulatory Peritoneal Dialysis, Continuous Cycling Peritoneal Dialysis,
Dwell Time, Peritoneum, Presternal Catheter.)
Pericarditis
Pericarditis is inflammation of the pericardium,
the sac around the heart. Patients with this
may have a low-grade fever, low blood pressure,
and pain in the center of the chest that may be
relieved by sitting up and taking deep breaths.
Patients who are uremic or poorly dialyzed may
be prone to pericarditis.
Peripheral
Peripheral means away from the center of the
body. For example, peripheral vascular disease
affects the limbs, not the core, of the body.
Peripheral Neuropathy
Peripheral neuropathy is nerve damage in the hands
and feet. It can cause numbness, tingling, burning,
pain, and weakness. Diabetes is a common cause
of neuropathy. In dialysis patients, neuropathy
may be caused by uremic toxins that are not well
removed by standard in-center hemodialysis. It can
also be caused by vascular access problems, which
may lead to waste build up due to poor dialysis.
Getting more dialysis may help.
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Peritoneal Dialysis Adequacy
Peritoneal dialysis (PD) adequacy is a measure of
the treatment dose. The intent is to ensure that
PD patients receive at least the minimum amount
of treatment they need to live. The KDOQI
guidelines set standards for adequacy and give tips
for attaining them.
Peritoneum
The peritoneum is a smooth, thin layer of bloodvessel-rich tissue that covers the inside of the
abdominal walls. The peritoneum forms a closed
sac. Thus, it can be used as a semipermeable
membrane and container for dialysate in PD.
(See also: Peritoneal Dialysis.)
Peritonitis
Peritonitis is an infection of the peritoneum. It
can occur when aseptic technique is not used
during a PD exchange. Peritonitis may cause
scarring that can make further PD impossible.
Peripheral Vascular Resistance
Peripheral vascular resistance is a measure of how
well blood can flow through the blood vessels.
A drop in resistance (the blood vessels relax) will
lower blood pressure if the heart can’t make up
for it. A rise in resistance (the blood vessels narrow) will raise blood pressure.
Permeable
Permeable means allowing substances to pass
through. Cell membranes in the body are freely
permeable to water, letting it pass in and out.
Dialyzer membranes are semipermeable. They let
some substances through, but keep others out.
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pH
Pneumothorax
pH refers to the hydrogen ion concentration of a
solution. A solution with a pH above 7 is alkaline,
or a base. A solution with a pH below 7 is an acid.
A solution with a pH of 7.0 is neutral. Normal
body pH ranges between 7.35 and 7.45—slightly
alkaline. The pH of dialysate must be kept in a
certain range. Bicarbonate-buffered dialysate
should have a pH of 7.2 to prevent bacterial
growth and scale that could harm equipment.
AAMI recommends that water with a pH between
5.0 and 8.5 be used to mix dialysate.
(See also: Acid, Base, Bicarbonate.)
A pneumothorax is air in the chest cavity that
keeps the lungs from expanding. Pneumothorax
can occur during central venous catheter placement if the catheter punctures a blood vessel and
passes into the space between the lungs and the
chest wall.
Phosphate Binders
Phosphate binders are drugs that bind with phosphorous in food. They keep phosphorus from
being absorbed in the gut. The bound phosphorus
is then eliminated in the stool. Patients should
take more binders with larger meals and fewer
binders with smaller meals or snacks.
Polycystic Kidney Disease (PKD)
PKD is a genetic disease that causes large, fluidfilled cysts to grow in the kidneys, liver, and
sometimes the brain. The cysts can become so
large and numerous that they crowd out normal
kidney tissue. This can cause kidney failure.
Pores
Pores are holes. In a semipermeable dialyzer
membrane, membrane filter, or reverse osmosis
unit, the pores allow solutes of a certain size range
to pass through, but trap larger ones.
Positional
Phosphorus
Phosphorus is a non-metallic element. It is found
in dairy products, meat, poultry, fish, nuts, chocolate, and colas—so many foods that it is hard to
avoid. Too much phosphorus in the blood can
cause itching, secondary hyperparathyroidism, and
bone disease. Phosphorus levels are checked once a
month before dialysis. Most patients who do standard in-center hemodialysis need to take phosphate
binders. More dialysis removes more phosphorus.
Those who do nocturnal home hemodialysis may
need phosphate supplements instead of binders.
(See also: Secondary Hyperparathyroidism.)
Plasticizer
A plasticizer is a chemical that makes plastic
flexible. Priming the dialyzer and blood tubing
before use with saline helps remove plasticizers
that could harm patients.
Positional means affected by the patient’s body
position. When hemodialysis catheters are
positional, blood flow can change when the
patient moves. If the patient coughs or moves
again, blood flow may improve if the catheter
moves in the blood vessel.
Positive Pressure
Positive pressure is pressure greater than 0 mmHg.
In dialysis, positive pressure is created when the
blood pump pushes blood through the dialyzer.
In the dialyzer, positive pressure helps to push
fluid through the membrane pores. Positive pressure plus negative pressure equals transmembrane
pressure (TMP). (See aslo: TMP)
Post-
After. A posttest is taken after a lesson.
Postdialysis Pressure
Platelets
Platelets are blood cells that promote clotting by
clumping together when “activated” by signals
sent by injured cells.
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See: Venous Pressure.
Post-Pump (Arterial) Pressure
See: Predialyzer Pressure.
M o d u l e
Potassium
Presternal Catheter
Potassium is a metallic element and an electrolyte
in the body. Levels of potassium that are too high
or too low can cause illness or death. (See also:
Electrolyte, Hyperkalemia, Hypokalemia.)
A presternal catheter, used in peritoneal dialysis,
is placed in the patient’s chest wall with the tip in
the abdomen. The chest wall is thinner and less
prone to infection than the abdomen. Presternal
catheters can be a good choice for patients who
are obese, very active, or prefer tub baths. They
are not offered to everyone.
Pre-
Before. A pretest is taken before a lesson.
Precipitate
See: Scale.
Priming
Predialyzer pressure is the positive pressure after the
blood pump and before the dialyzer. It is also called
post-pump pressure or post-pump arterial pressure.
In dialysis, priming is getting the bloodlines and
dialyzer ready for use by flushing them with normal saline. Dialysate is used to prime the dialysate
compartment. Priming is done before dialysis to
remove air, disinfectants, and some plasticizers
from the extracorporeal circuit and dialyzer.
Preprocessing
Product Water
Predialyzer Pressure
Preprocessing means putting a new dialyzer
through all of the reprocessing steps before it is
used for the first time. This helps remove substances used in manufacturing that might cause
allergic reactions.
Pre-Pump Arterial Pressure
Pre-pump arterial pressure is measured between
the patient’s arterial needle and the blood pump.
It represents the negative pressure created by the
blood pump. Arterial pressure monitoring guards
against too much suction on the vascular access.
Pressure
Pressure is force applied by something that comes
in contact with an object. In the body, blood
pressure is the force from the heart and resistance
in the blood vessels. In hemodialysis, pressure is
the flow from the blood pump and resistance in
the dialyzer and extracorporeal circuit.
Pressure Gradient
See: Transmembrane Pressure.
Pressure Testing
Pressure testing, or leak testing, ensures that a
dialyzer membrane is intact and no blood loss will
occur during the next use. Pressure testing must be
part of the reuse process. (See also: Reprocessing.)
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Product water is water that has been forced
through a reverse osmosis membrane.
Proportioning System
A proportioning system is a type of dialysate delivery system. This system mixes liquid concentrate
with measured amounts of treated water to form
dialysate and send it to the dialyzer. There are two
types: fixed-ratio and servo-controlled. Both use
dual conductivity meters to check the mixed
dialysate and support the system, should one meter
fail. (See also: Hemodialysis Delivery System.)
Prospective Payment
System (PPS)
A system for calculating Medicare reimbursement
rates, the PPS “bundles” what was in the old
composite rate plus lab tests, some drugs, and
home training into one payment. The rate differs
for each patient based on age, weight, height, and
some other illnesses. And, it differs across the US
based on local wages.
Proteinuria
Proteinuria means protein in the urine. When the
kidneys are damaged, protein can leak through the
glomeruli into the renal tubules, and then into the
urine. (See also: Microalbuminuria.)
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Proximal
Pyrogen
Proximal means near. In anatomy, proximal is
near the center of the body (e.g., the shoulder is
proximal to the hand).
A pyrogen is a fever-producing substance, such
as endotoxin.
Pyrogenic Reaction
Pruritus
Pruritus is itching. Itching may occur in patients
with kidney failure due to dry skin or a build-up
of calcium phosphate crystals in the skin. Good
dialysis, managing calcium and phosphorus, limiting bathtub soaks (which dry out skin), and use of
some lotions or creams can help reduce pruritus.
A pyrogenic (fever) reaction is caused by pyrogens.
Patients may have chills, shaking, fever, low blood
pressure, vomiting, and muscle pain. They may
have pyrogenic reactions if there is a break in
water treatment or if a reprocessed dialyzer
contains endotoxin.
Quality Assurance (QA)
Pseudoaneurysm
A pseudoaneurysm is a false aneurysm: a bulging
pocket of blood most often around a graft. It
can occur if a graft has been damaged by repeated
punctures in the same small area. A graft with
a pseudoaneurysm may need to be repaired or
replaced; rupture is a medical emergency.
(See also: Aneurysm.)
Pulmonary Edema
Pulmonary edema is fluid build-up in the lungs.
Fluid overload or failure to remove enough fluid
during dialysis can cause pulmonary edema or
make it worse. (See also: Congestive Heart Failure.)
Pump Occlusion
Pump occlusion is the space between the blood
pump rollers and the pump housing. The rollers
should compress the blood tubing segment against
the pump housing enough to close the lumen all
the way. Overocclusion creates excess pressure
that may crack the tubing. The pump segment
could rupture. If occlusion is not complete, blood
can flow backwards with each pump stroke.
Pure Ultrafiltration
See: Isolated Ultrafiltration.
QA is way to monitor, evaluate, and improve
care. It is based on measuring centers’ quality
of care against benchmark standards. (See also:
Continuous Quality Improvement.)
Quality Assessment and
Performance Improvement (QAPI)
As a part of the Conditions for Coverage, each
center must have a QAPI program. All services
(e.g., HD, PD, reuse of dialyzers) given by a
center must be included. A QAPI program needs
to use a systematic approach and clinical practice
guidelines to track health outcomes; find, prevent,
and reduce medical errors; take action to improve
outcomes that do not meet the target levels; and
measure patient satisfaction.
Quality Incentive Program
In January 2012, Medicare starts a quality incentive program (QIP), called Pay for Performance
(P4P). P4P cuts a center’s Medicare payments by
up to 2% if they don’t meet certain measures.
Radial Pulse
The radial pulse is the pulse felt on the thumb
side of the wrist.
Radiocephalic Fistula
Purpura
Purpura is bleeding under the skin which may
be a symptom of too much heparin or a platelet
dysfunction.
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A radiocephalic fistula connects the radial artery
and cephalic vein in the forearm. This is the most
common type of AV fistula.
M o d u l e
Reagent
Reprocessing
A reagent is a substance that reacts when a certain
chemical is present. Reagent strips are used to be
sure that all chemical residues are gone from a
reprocessed dialyzer or the dialysis delivery system.
They are also used to test for blood in dialysate.
(See also: Hemastix.&reg;)
Reprocessing is cleaning and disinfecting a
dialyzer to be used again by the same patient to
save money. The hazardous chemicals used in
reprocessing must be handled with care by staff.
A number of rules are in place to protect patients
and staff when reprocessed dialyzers are used.
Recirculation
Resistance
Recirculation occurs when dialyzed blood mixes
with undialyzed blood in the patient’s access.
Blood going to the dialyzer is diluted with blood
that just left the dialyzer. This can occur if there
is retrograde flow through the access between the
needles. Recirculation of more than 15% leads to
poor treatment.
Resistance is created by any factor that partly
obstructs flow. In dialysis, there is resistance
against the flow of blood in the blood vessels or
in the extracorporeal circuit. Flow and resistance
influence pressure.
Rejection
Rejection occurs when the immune system of a
transplant patient attacks the new organ, which is
foreign to the body. A patient’s blood and tissue
type are matched to an organ to reduce this risk.
Drugs that suppress the immune system are also
used to help prevent rejection.
Reject Water
Reject water is the waste or reject stream that is
sent to the drain, along with any solutes removed
by reverse osmosis.
Renal Osteodystrophy
Renal osteodystrophy is bone disease that is
caused by too-high or too-low levels of PTH.
(See also: Secondary Hyperparathyroidism.)
Renin-Angiotensin System
The renin-angiotensin system helps control blood
pressure. Renin is an enzyme made by healthy kidneys during stress. Renin combines with another
substance to form angiotensin, a hormone that
tightens the blood vessels to raise blood pressure.
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Resistivity
Resistivity is the measure of the forces that
oppose the flow of electricity through a fluid.
(See also: Conductivity.)
Retrograde
Retrograde means against the direction of blood
flow. In a fistula or graft, retrograde flow is backward, toward the anastomosis. The arterial needle
may be placed either retrograde or antegrade in
the access. One study suggests that antegrade
may be a better choice.
Reuse
See: Reprocessing.
Reverse Osmosis (RO)
RO is a membrane separation process that removes
solutes from water. An RO unit is a cartridge that
holds a water pressure pump and a semipermeable
membrane. The membrane can remove 95% to
99% or more of bacteria, endotoxin, viruses, salts,
particles, and dissolved organics. RO is used to
treat water for hemodialysis or reprocessing. RO
membranes are costly and fragile. To avoid damage, filters are used to remove particles in feed
water before it reaches the RO membrane.
Rinseback
Rinseback means using saline to flush the
patient’s blood back into the body after dialysis
to minimize blood loss.
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Roller Pump
A roller pump is the most common type of blood
pump. A motor turns the roller head, pushing
blood through the extracorporeal circuit.
(See also: Pump Occlusion.)
Rope Ladder Technique
See: Needle Site Rotation.
Rule of Sixes
The KDOQI guidelines say the “Rule of 6’s” is
a good way to tell if a fistula is a success: It is less
than 0.6 cm below the surface of the skin (about
1/5 of an inch). It is at least 0.6 cm wide. And,
ultrasound shows a blood flow rate of 600 mL/
min or more.
Saline Infusion Line
The saline infusion line allows saline to be given to
the patient during dialysis. It is connected to the
arterial blood tubing segment just before the blood
pump so saline can be pulled into the circuit.
Scale
Scale, or precipitate, is solid particles that settle
out of a solution (e.g., water, dialysate) and can
clog pipes or harm parts of the water treatment
system. Hard water, which has more minerals
and salts, can form scale.
Secondary Hyperparathyroidism
Secondary hyperparathyroidism is the release of
too much parathyroid hormone (PTH). It can
lead to bone disease. With too much PTH in
the blood, calcium is withdrawn from the bones,
making them weak. The condition is treated with
phosphate binders and calcitriol to reduce PTH,
calcium, and phosphorus levels.
Sediment Filter
See: Filters.
Seizures
Seizures are involuntary muscle spasms and loss
of consciousness. Some patients may have seizures as a dialysis side effect (severe hypotension).
Seizures may occur during dialysis as a reaction to
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a problem, such as the use of the wrong dialysate.
Patients may have a seizure disorder and be prone
to having seizures.
Self-Care Hemodialysis
Self-care hemodialysis is done in-center. Patients
do most or all of their own care with little staff
assistance. They may set up their own machines,
place their own needles, take their own vital signs,
monitor the treatment, and clean up their station
after treatment. Taking part in self-care helps
patients regain control of their lives.
Semipermeable Membrane
A semipermeable membrane has microscopic
pores. The pores let some substances (such as
water) pass through freely, but hold others (such
as red blood cells) back. The membrane's pore
size affects dialysis efficiency.
Sepsis/Septicemia
Sepsis is a life-threatening blood infection caused by
bacteria that enter the bloodstream. It is also called
septicemia or bacteremia. (See also: Bacteremia.)
Sequential Ultrafiltration
See: Isolated Ultrafiltration.
Serum
Serum is the clear liquid that can be separated
from blood. Many blood tests are run on serum,
such as tests for calcium and phosphorus.
Short Daily Home Hemodialysis
Short daily home hemodialysis is 2.5–4 hour
treatments done at home 5–7 days per week.
Most home programs require the patient to have
a partner. Both must successfully complete a few
weeks of training. The more frequent treatments
mean that patients have fewer fluid and diet limits.
Most need few blood pressure drugs. Because the
treatments are done on the patient’s own schedule,
short daily home hemodialysis is work-friendly.
Studies show that survival with this treatment is
about the same as with deceased donor transplant.
M o d u l e
Shunt
Solvent
A shunt is a tube that is inserted into the body. A
shunt was the first permanent vascular access used
for dialysis in 1960 by Drs. Scribner and Quinton.
A Teflon&reg; tube was used to connect a length of
Silastic&reg; tubing to a patient’s artery and vein. This
created a vascular access that could be used for
multiple treatments. For the first time, patients
with chronic kidney failure could receive dialysis.
Since the shunt was outside the skin, it easily
became infected or clotted, and is no longer used.
A solvent is a fluid in which substances are
dissolved, e.g., water.
1 0
Solvent Drag
Solvent drag occurs when molecules of a dissolved
substance are dragged along in a solvent that
passes through a semipermeable membrane.
Solvent drag is also called convection, or
convective solute transfer.
Sorbent Dialysis Systems
Sieving Coefficient (SC)
The sieving coefficient is the amount of solute removed from a solution by convection (solvent drag).
Sodium
Sodium is an element and an electrolyte in the
body. It causes fluid to move across the cell membranes between the intracellular and extracellular
spaces. Sodium is present in dialysate, and the
amount must be correct. Too little can cause
hemolysis; too much can cause crenation.
Sodium Modeling
Sodium modeling is changing the level of sodium
in the dialysate during the treatment to remove
more water. A doctor’s prescription is needed.
Most often, the patient starts treatment at a high
sodium level, which is then slowly reduced. If the
ultrafiltration rate is higher than about 400 mL/
hr (the “capillary refill rate”), blood pressure will
drop in most patients.
Solute
A solute is a particle dissolved in fluid. Many
of the wastes that need to be removed from
the blood of kidney patients (such as urea) are
solutes. Solute size is measured by molecular
weight. Different membranes are more or less
efficient at removing solutes of a certain size.
Solution
A solution is a combination of a solvent (fluid)
and a solute.
A sorbent system uses a cartridge with layers of
chemicals to make and then regenerate dialysate.
The cartridge treats the water as well. The system
needs six liters of tap water, but no drain, and
can be used anywhere with an electrical outlet
(or generator).
Spore
Spores are the reproductive form of bacteria,
fungi, and algae. They are very resistant to heat.
Bleach can kill many types of spores. (See also:
Bacteria, Disinfectant, Heat Disinfection.)
Standard In-Center Hemodialysis
Standard in-center treatments are done in a
hospital or center three times a week. Center staff
do the treatments, though some patients may
take their own vital signs, place their own needles,
and monitor their own treatments. Leading
doctors now say that standard treatments should
always be at least 4 hours long. They replace only
12–15% of normal kidney function, which is
stage 5 chronic kidney disease. Patients who do
these treatments are 50% more likely to die from
sudden heart failure on the day after the 2-day no
treatment weekend.
Standard Home Hemodialysis
Dialysis treatments are done three days a week or
every other day by the patient and a partner at
home. The patient and partner are trained for a
few weeks. Since the patient can dialyze on his or
her schedule, this treatment is work-friendly.
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Standing Orders
Subclavian Catheter
Standing orders are orders that stay the same. They
are written by the doctor to meet patients’ common
treatment needs. The orders should include all aspects of patient care (i.e., blood flow rate, dialysate
flow rate, dialyzer, and dialysate composition).
A subclavian catheter is placed in the subclavian
vein. According to KDOQI Clinical Practice
Guidelines for Vascular Access, the subclavian
vein should not be used for a catheter. The
internal jugular vein is preferred, because it is less
likely to cause central venous stenosis.
Steal Syndrome
Steal syndrome occurs when a fistula or graft
“steals” too much blood away from the distal part
of the limb (hand or foot). When the access is
in use, some of the patient’s blood bypasses the
hand or foot and goes through the extracorporeal
circuit instead. The loss of blood flow (ischemia)
can harm tissue. Signs of this problem include
coldness, poor function, and even gangrene if it is
not treated promptly.
Stenosis
Stenosis is narrowing of a blood vessel. Stenosis
slows the flow of blood and causes turbulence
inside the vessel. This sets the stage for more
serious problems, such as thrombosis.
Subcutaneous
Subcutaneous means under the skin. Some
medication, such as Lidocaine&reg;, a local anesthetic,
are injected subcutaneously.
Surface Area
Surface area in hemodialysis is the amount of
membrane in direct contact with blood and
dialysate. A larger surface area (in hemodialysis
or peritoneal dialysis) allows more diffusion.
Large surface area dialyzers tend to have more
urea clearance. (See also: Diffusion.)
Synthetic
See: Artificial.
Stents
Systemic
Stents are small, expanding metal rings that can
be placed in a blood vessels to help keep the
lumen open. A stent may be used to help keep
a fistula or graft patent. (See also: Patent.)
Systemic means affecting the entire body. For
example, sepsis is a systemic infection.
Sterilant
A sterilant is a germ-killing solution. Sterilants
are used in reprocessing dialyzers.
Systolic
Systolic pressure is the pressure inside the arteries
during a heartbeat. It is the top number of a
blood pressure reading. (See also: Diastolic.)
Temperature Alarm
Sterile
Sterile means free of all living organisms (bacteria,
viruses, microorganisms).
Sterile Technique
See: Aseptic Technique.
A temperature alarm tells you that the dialysate
temperature is too high or too low. Dialysate that
is too hot can cause hemolysis. Too-cool dialysate
can cause patient discomfort and reduce the
efficiency of the treatment.
Temporary Catheters
Sterilization
Sterilization destroys bacteria with chemicals
or heat.
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A temporary catheter is a central venous catheter
that is used for short-term vascular access, for
example, when a fistula has not matured. The
KDOQI guidelines say that the preferred sites for
a temporary catheter are the internal jugular (IJ)
or femoral veins. Temporary catheters may be
stitched, or sutured, in place.
M o d u l e
Thrill
Transmembrane Pressure (TMP)
The thrill is the vibration of blood flowing
through the patient’s fistula or graft. It can be felt
by touching a patient’s access.
TMP is blood side pressure plus dialysate side
pressure across the dialyzer membrane. To keep
dialysate from moving into the bloodstream,
pressure on the blood side must be equal to or
more than that of the dialysate side.
Thrombectomy
A thrombectomy is surgery or drug treatment
(i.e., with a clot-dissolving drug) to remove a
thrombus, or blood clot.
Trendelenburg Position
Thrombolysis is the process of injecting a drug
to dissolve a thrombus. Surgery may be needed
after thrombolysis.
The Trendelenburg position puts the head at a
45&deg; incline, with the legs up. This helps relieve
low blood pressure by bringing more blood to the
brain. Patients who may have an air embolism
should be placed in Trendelenburg position on
their left side.
Thrombosis
Ultrafilter
Thrombosis—formation of a thrombus, or blood
clot—is the most common cause of access failure.
Early thrombosis in a graft or fistula is most often
caused by surgical problems with the anastomosis. Or, it can be caused by twisting of the vessel
or graft.
An ultrafilter is a fine membrane filter that removes
very small particles. It is the most effective water
treatment component for removing endotoxin.
Thrombolysis
Thrombus
A thrombus is a clot formed in a blood vessel or
a blood passage. A clot may occur when platelets
are activated by contact with damaged blood
vessel walls, dialyzer materials, or turbulence
inside a blood vessel.
Total Cell Volume (TCV)
See: Fiber Bundle Volume.
Total Parenteral Nutrition (TPN)
TPN is a form of intravenous feeding. It
provides nutrients to patients who can’t eat or
absorb food through their gastrointestinal tracts.
Interdialytic parenteral nutrition (IDPN) is TPN
given during dialysis.
Transducer Protectors
Transducer protectors are small plastic caps
with filters inside. They keep blood or fluid
from getting into the pressure monitors on the
dialysis machine. The transducer protectors are
connected to the arterial and/or venous pressure
monitors. The monitoring lines are connected to
the transducer protectors.
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Ultrafiltration (UF)
In hemodialysis, UF is filtration caused by a
pressure gradient between two sides of a filter. The
rate of UF depends on the transmembrane pressure
and aspects of the dialyzer.
Ultrafiltration Rate (UFR)
The UFR is the rate at which fluid moves from the
blood into the dialysate through the membrane.
This rate depends on transmembrane pressure
and aspects of the membrane. UFR is calculated
by dividing the amount of fluid to be removed
by the minutes of treatment. In UF control or
volumetric machines, dialysate inflow and outflow
are kept in exact balance with special pumps.
(See also: Transmembrane Pressure.)
Ultraviolet (UV) Light
UV is a form of invisible radiation. It can destroy
microbes by changing their DNA so they can’t
multiply. Some microbes are more sensitive to
UV light than others. UV light is generated by a
mercury vapor lamp housed inside a quartz sleeve
that emits light at a specific wavelength. Feed
water flows over the quartz and is exposed to the
UV light.
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Urea Kinetic Modeling (UKM)
Vasoconstrict
Urea kinetic modeling is used to assess if a
patient’s dialysis is adequate, based on change
in the level of urea in the blood. The results of
UKM are described as Kt/V. K is the dialyzer
urea clearance in mL/min, t is treatment time
in minutes, and V is the volume of blood in the
body. (See also: Hemodialysis Adequacy.)
To vasoconstrict means to tighten the blood
vessels.
Vasoconstrictor
A vasoconstrictor is a drug that causes the blood
vessels to constrict.
Vein
Urea Reduction Ratio (URR)
URR is a way to estimate the delivered dose of
dialysis by comparing urea levels before and after
a treatment. It does not provide all of the
information a doctor needs to prescribe a
treatment. (See also: Hemodialysis Adequacy.)
Uremia
Uremia is a build-up of wastes in the blood. It
occurs in the last stage of kidney failure or in
patients who are not getting enough dialysis.
Patients with uremia may have yellow-gray skin,
edema, high blood pressure, flu-like symptoms,
trouble breathing, fatigue, weakness, and mental
changes. If a patient on dialysis has these
symptoms, more dialysis is needed. (See also:
Hemodialysis Adequacy.)
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A vein is a blood vessel that carries blood back to
the heart.
Venipuncture
Venipuncture is inserting a needle into a blood
vessel. Skilled and gentle venipuncture prolongs
access life, enhances comfort, and helps ensure that
the patient will get a good treatment. It is vital
to rotate sites or use the Buttonhole technique to
avoid aneurysms or pseudoaneurysms. (See also:
Buttonhole Technique, Needle Site Rotation.)
Venous Pressure
Venous pressure is the measurement of the extracorporeal blood circuit pressure after the dialyzer
and before the blood goes back into the patient’s
body. It may also be called postdialyzer pressure.
Vascular Access
Venous Pressure High/Low Alarm
The vascular access is a way to gain repeated entry
to the patient’s bloodstream for hemodialysis. A
vascular access must permit high-enough blood
flow rates to ensure effective dialysis. There are
three types of access. A fistula is a surgical
connection between a patient’s artery and a vein.
A graft connects an artery and vein with a piece of
man-made vein. A catheter is a plastic tube placed
into a central vein. The vascular access is the
patient’s lifeline. Great care must be taken to protect it through good cannulation and either needle
site rotation or use of the Buttonhole technique.
The venous pressure alarm monitors pressure
from the monitoring site to the patient’s venous
puncture site.
Virus
A virus is a microorganism that must obtain
energy and food from other living cells. Many
diseases, such as the common cold, measles,
polio, and HIV, are caused by viruses. Though
tiny, viruses are too large to cross an intact dialyzer
membrane. If the membrane is damaged, viruses
in the water could enter the patient’s blood.
Viruses can be killed by a number of chemicals.
M o d u l e
Volumetric
Water Softener
Volumetric means volume-measuring. Most
dialysate delivery systems use volumetric fluidbalancing systems. These compare the volume
of dialysate going into and leaving the dialyzer.
With such control, we can program the delivery
system to remove precisely the prescribed amount
of fluid.
A water softener is used in water treatment to
reduce the levels of calcium and magnesium
that form scale. Water softeners work by ion
exchange. Ions of calcium and magnesium are
removed from the water by a bed of electrically
charged resin beads. They are traded for sodium
ions, which form sodium chloride.
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Weights and Measures
Liquid Measurement
Weight
1 fluid ounce = 29.572 milliliters
(approximately 30 mL)
1 gram = 0.035273 avoirdupois ounces
(approximately 1/28 oz)
1 cup = 8 fluid ounces = 236.565 milliliters
(approximately 240 mL)
1 ounce = 28.35 grams
1 quart = 32 fluid ounces = 0.9463 liters
(approximately 945 mL)
1 liter = 1.0567 quarts = 0.26417 gallons
1 gallon = 4 quarts = 3.7853 liters
(approximately 3785 mL)
Metric Liquid Measures
10 milliliters (mL) = 1 centiliter
1 nanogram = 1 billionth of a gram
1 avoirdupois oz = 28.349527 grams
(approximately 28 g)
1,000 grams = 1 kilogram (kg) = 2.20462
avoirdupois pounds (approximately 2.2 lb)
1 avoirdupois lb = 0.453592 kilograms
(approximately 0.45 kg)
Metric Weight
10 centiliters (cL) = 1 deciliter (dL)
10 milligrams = 1 centigram
10 deciliters = 1,000 milliliters = 1 liter (L)
10 centigrams = 1 decigram
10 liters (L) = 1 decaliter
10 decigrams = 1,000 milligrams = 1 gram
10 decaliters (DL) = 1 hectoliter
10 grams = 1 decagram
10 hectoliters (HL) = 1 kiloliter
10 decagrams = 1 hectogram
Length
10 hectograms = 1,000 grams = 1 kilogram
1 inch (in) = 2.54 centimeters
100 kilograms = 1 quintal
1 millimeter (mm) = 0.03937 inches
10 quintals = 1 ton
1 centimeter (cm) = 0.01 meters
1 meter (m) = 39.37 inches
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Linear Measures
Metric Cubic Measures
10 millimeters = 1 centimeter
1 milliliter (mL) = 1 cubic centimeter (cc)
10 centimeters = 1 decimeter
1,000 cubic millimeters = 1 cubic centimeter
10 decimeters = 1,000 millimeters = 1 meter
1,000 cubic centimeters = 1 cubic decimeter
10 meters = 1 decameter
1,000 cubic decimeters = 1,000,000 cubic
centimeters = 1 cubic meter
10 decameters = 1 hectometer
10 hectometers = 1,000 meters = 1 kilometer
Metric Square Measures
100 sq. millimeters = 1 sq. centimeter
100 sq. centimeters = 1 sq. decimeter
100 sq. decimeters = 10,000 sq. centimeters
= 1 sq. meter
100 sq. meters = 1 sq. decameter
100 sq. decameters = 1 sq. hectameter
100 sq. hectameters = 1,000,000 sq. meters
= 1 sq. kilometer
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Temperature Conversion
Fahrenheit temperature (&deg;F) = (&deg;C x 1.8) + 32
Celsius temperature (&deg;C) = (&deg;F – 32) &divide; 1.8
M o d u l e
1 0
Index
A
AAMI (Association for the Advancement of Medical
Instrumentation), 8, 93, 223, 243, 256–58t, 259, 309
Abscess, 126–27, 306
Access: and CQI (continuous quality improvement), 154,
155f; definition of, 306; heart problems caused by, 123; limited
number of sites for, 121; patency of, 330; protecting, 135; skin
preparation options, 128t; types of, 121–22; vascular, 4, 7, 340;
visibility of, 132, 136, 154, 198. See also catheters; fistulas; grafts;
infection risks
Acetate: in dialysate, 92, 93f, 93t, 95; in sorbent dialysis, 111, 112f
Acetic acid, 93, 95, 200, 228, 228–29t
Acid concentrate, 92–93
Acids, 21, 35t, 94–95, 99, 306. See also concentrates; pH
ACT (activated clotting time), 198–99
Activated carbon, 111, 112f, 311. See also carbon tanks
Activated charcoal (GAC), 246–7. See also carbon tanks
Acute kidney failure, 22, 306. See also kidney disease
Adequacy: BUN (blood urea nitrogen) as test for, 196; compared
by clinic, 57; definition of, 6, 322, 331; factors affecting, 210–
12; guidelines for, 7; measuring, 209–10; monitoring systems for,
103; and P4P (pay for performance), 6; and UKM (urea kinetic
modeling), 209; and URR (urea reduction ratio), 209
ADH (antidiuretic hormone), 308
Adsorption: and clearance (K) rates, 89–90; definition
of, 90, 306; of proteins, 88
Adult learning principles: learning contract sample, 278f; methods
of, 279–80; skills checklists, 280–83f
Advance directives, 40, 306
AHA (American Heart Association), 190
Air detectors, 108–10, 136, 187, 200f, 306
Air embolism, 136, 151–52, 154, 201t, 204t, 306
Air separation chambers, 101f, 102
AKF (American Kidney Fund), 57
Alarms: air in bloodstream, 108, 110; arterial pressure, 109t;
blood leak detector, 96, 98–99; dialysate conductivity, 97–98;
dialysate flow rate, 98; dialysate temperature, 98; extracorporeal
pressure monitors, 107–8; pre-dialyzer pressure, 109t; venous
pressure, 109t
Albumin: and calcium levels, 46; definition of, 306; molecular
weight of, 88t. See also serum albumin
Allergic reactions, 27, 88, 121, 201t, 203–4t, 228, 232f.
See also anaphylaxis
Alum, 242, 307, 320
Aluminum, 258t, 261–62, 263t, 307, 318
AAKP (American Association of Kidney Patients), 57
Ammonium carbonate, 111, 112f
Amyloidosis, 28, 38, 307
Anaphylaxis, 88, 201t, 204t, 232f, 307, 324
Anastomosis, 123, 124f, 125, 307, 310, 326, 329. See also blood
clots; cannulation; fistulas; grafts; HeRO (hemodialysis reliable
outflow); stenosis
Anemia, 26f; benefits of longer/more frequent treatments, 80;
blood tests for, 31–32t; caused by aluminum, 261; caused by
contaminated dialysis water, 263t; caused by kidney failure, 26;
as complication of fistulas, 138; definition of, 307; guidelines for,
7; hemolytic, 260, 322; worsened by blood tests, 196
Anesthetics, 134–35, 150, 269, 307
Aneurysms: and Buttonhole technique, 157; as complication
of fistulas, 139; definition of, 307; and fistulas, 127; prevention
of, 131, 135, 139; pseudoaneurysms, 147–48; as result of PKD
(polycystic kidney disease), 24. See also pseudoaneurysm
Angina, 201t, 204t, 327
Angioplasty, 140, 142, 307
Anions, 111, 249, 307
ANNA (American Nephrology Nurses' Association), 11
Antegrade vs. retrograde needle placement, 130, 130f, 146, 307, 335
Anticoagulants, 110, 198, 307. See also heparin
Antimony, 258t
Antiseptics, 308. See also bacteria; microbes
Anxiety, 29, 49
Apical pulse, 308
Apnea, 192t, 308
ARBD (aluminum-related bone disease), 261, 307
Arrythmia, 192t, 201t, 204t, 308
Arsenic, 258t, 262
Arterialization, 123, 308
Arterial pressure, 308
Arterial pressure monitor, 187, 308
Arteries, 105f, 121, 122f, 123–24, 189–90, 204t, 308, 311, 326.
See also access; fistulas; grafts
Arteriole, 21, 308
Arteriovenous grafts (AVG). See grafts
Ascites, 308
Aseptic technique, 172, 308. See also infections
Atherosclerosis, 23, 25f, 124
Auscultate, 309
AVF (arteriovenous fistula). See fistulas
B
Backfiltration, 309
Backflow prevention device, 244, 254
Backwashing, 245, 247, 254, 309
Bacteria: AAMI standards for, 259; antibiotic resistant, 177;
and biofilm, 251, 259; blood cultures for, 196; caring for test
samples, 259; definition of, 309; prevention of, 259; pyrogens,
99, 334; and reusing dialyzers, 231–32; standards for, in dialysis
water, 243; and submicron filters, 250; testing for, in dialysis
water, 258–59; and ultrafilters, 250, 250f. See also infection risks
Barium, 258t, 262
Base, 309
B Braun, 100
Berylium, 258t
Beta-2-microglobulin (β2M), 28, 38. See also amyloidosis
Bicarbonate: definition of, 309; in dialysate, 92, 93f, 93t, 94–95;
functions of, 94–95; in sorbent dialysis, 111, 112f
Bicarbonate concentrate, 92–93, 95
Biocompatibility, 88, 91, 222, 309
Biofilm, 251, 259
Biotin, 47
Birth defects, 24
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&quot;Black blood syndrome,&quot; 138, 140
Bleeding problems, caused by kidney failure, 29
Blood: analysis devices for, 104; clotting, 110; contamination
in, 99; cultures, 31t, 196; drawing samples of, 196; flow of,
during dialysis, 73f, 87, 87f, 320; flow rate (Qb), 92, 106–7; and
infection control, 173–74; leak detector, 96, 98–99, 99f, 103,
187, 309; leaks, 137, 309; as solution, 75; tubing, 104–5, 310;
volume monitoring, 111
Bloodborne diseases: hepatitis B, 175–76; hepatitis C, 176; HIV/
AIDS, 176–77; MRSA (methicillin-resistant Staphylococcus
aureus), 177; and Needlestick Safety and Prevention Act, 178; TB
(tuberculosis), 178; VRE (vancomycin-resistant Enterococcus), 177
Blood clots, 141f; and aneurysms, 139; causes of, 140–41; as complication of fistulas, 140–42; definition of, 339; in fistulas vs. grafts,
140; and grafts, 122, 144, 147; prevention of, 140; signs of, 141; and
stenosis, 122, 141; treatments for, 142
Bloodlines, 186–87
Blood loss. See exsanguination
Blood pressure, 192t; alarms for extracorporeal, 109t; automatic
modules for, 103; benefits of longer/more frequent treatments
on, 80; and blood volume monitoring, 111; controlled by
healthy kidneys, 21; cuff sizes, 190t; during dialysis, 78, 94; diastolic, 316; for normal kidneys vs. dialysis, 35t; post-treatment,
207; and predialysis patient evaluation, 190–91; sites for, 191f;
types of, in extracorporeal system, 108t. See also hypertension
(high blood pressure); hypotension (low blood pressure)
Blood pumps, 107f; definition of, 310; hand cranking, 107;
occlusion, 106–7; overview of, 106; peristaltic, 106–7; tubing
segment, 105–7, 310
Blood sugar. See diabetes; glucose
blood tests: for blood sugar, 196; calcium, 30; hematocrit, 30;
key points about, 195; phosphorus, 30; PTH (parathyroid hormone), 30; serum albumin, 30–31t, 43; single-pool Kt/V, 30
Body image, 49
Body mechanics, 180–83, 181f, 183f
Bolus, 310
Bone disease: ARBD (aluminum-related bone disease), 261, 307;
caused by contaminated dialysis water, 263t; caused by electrolyte
imbalances, 30; caused by high PTH, 26; and fluoridated water,
261; MBD (mineral bone disorder), 46
Booster pump, 244
Bowman's capsule, 20–21
Brachial pulse, 310
Bradycardia, 192t
Breathing problems, 25t, 29
Brine, 246, 310
Bruits: and access complications, 140–41; definition of, 310; and
fistulas, 124, 126–27; and grafts, 144; and needle placement, 130;
and patient education, 127, 145, 158; and technical complications
of HD, 206t
Bubble trap, 103f, 105. See also drip chambers
Buffer, 310
BUN (blood urea nitrogen): blood tests for, 31t, 42, 196; compared by length and number of treatments, 79f; definition of, 310;
and dialysis disequilibrium syndrome, 202t, 204t; and itchy skin
(pruritus), 205t; as measure of adequacy, 209–10; and patient
malnutrition, 212; slow-blood-flow method for obtaining, 211t
Burette, 102
Butterfly tape technique, 132, 132f
Buttonhole technique, 131–32, 132f, 161–63, 311
Bypass mode, 99, 311
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C
Cadmium, 258t, 262
Calcitriol (active vitamin D), 22, 26
Calcium: AAMI standards for, 258t; blood tests for, 31t; definition of, 311; in dialysate, 93f, 93t, 94, 260–61; diet and fluid
limits on, 46; functions of, 94; in healthy kidneys, 22; imbalances in, 29–30; molecular weight of, 88t; for normal kidneys vs.
dialysis, 35t; removal of, by water softeners, 246; and secondary
hyperparathyroidism (HPTH), 26–27
Calcium chloride, 92
Calcium phosphate crystals, 71
Calyx, 20
Cancer, 24, 249
Cannulation: and aneurysms, 139; Buttonhole technique,
131–32, 161–63; definition of, 311; for fistulas, 129; for grafts,
143, 145–46, 146f; and pain reduction, 133–35; by patients,
131, 135; and pseudoaneurysms, 147–48; rope ladder technique
(rotating sites), 130–31, 130f; tandem-hand, 160; teaching
patients about self-cannulation, 157–63; three-point technique,
133f; wet vs. dry, 129. See also needles
CAPD (continuous ambulatory PD), 36, 314
Capillaries, 21f, 311
Capillary refill rate, 94
Carbon dioxide, 93f, 93t
Carbon tanks, 244, 244f, 246–47, 247f, 254–55, 311
Cardiac arrest, 202t, 204t, 311
Cardiac output, 311
Care team, 38–41
Carpal tunnel syndrome, 28
Catabolism, 94, 311
Catheters: blockages in, 153; central venous, 122; cleaning, 153;
complications of, 151; damage caused by, 149; definition of,
312; femoral, 150–51, 150f, 319; infection risks of, 122; internal
jugular (IJ), 150–51, 326; internal jugular (IJ) vs. subclavian,
151; lumen (twin), 150; monitoring during treatments, 153–54;
percutaneous vs. subcutaneous, 149; peritoneal, 36f; placement
of, 150; preparing for dialysis with, 153; presternal, 35, 333; pros
and cons of, 152; short-term, 149; and showering/swimming,
152; and stenosis, 122; subclavian, 151, 338; temporary, 338;
tunneled, cuffed, 149, 315; types of, 149; used in PD (peritoneal
dialysis), 4, 35; as vascular access, 37; veins used for, 150–51
Cations, 249, 312
CBC (complete blood count), 31t
CBNT (Certified in Biomedical Nephrology Technology), 12, 312
CCHT (Certified Clinical Hemodialysis Technician), 11, 312
CCNT (Certified in Clinical Nephrology Technology), 12, 312
CCPD/APD (continuous cycling/automated PD), 36, 36f, 314
CDC (Centers for Disease Control and Prevention), 106, 172
Cells, 75–76. See also red blood cells
Cellulose, 312
Central venous catheters. See catheters
Central venous stenosis, 139, 312
Centrifuge, 196
Cerebrovascular disease, 23
Certification for technicians, 11–12, 269
CFU (colony-forming unit), 313
Charting, 184–85, 185t
Chemical injection systems, 245
Chest pain, 28. See also heart problems
CHF (congestive heart failure), 314. See also heart problems
Chloramines, 111, 112f, 242, 246–7, 249, 258t, 260, 312
M o d u l e
Chloride, 92, 93f, 93t, 94, 312
Chlorine, 242, 246–47, 249, 252t, 258t, 260, 312, 320
Chlorine dioxide, 229t
Chloroform, 242
Cholesterol, 43
Chromium, 258t, 262
CHT (Certified Hemodialysis Technician) Exam, 11–12
Circulation problems, 23
Citrate, 92, 93f, 93t, 95
Citric acid: in dialysate, 93f, 93t, 95, 200; as germicide, 227, 228t;
OSHA exposure limits for, 229t
CKD (chronic kidney disease). See kidney disease
Clearance (K): adsorption, 90; calculating real vs. in lab, 92;
convection, 90; definition of, 89, 92, 313; diffusion, 90; as factor
affecting dialysis, 211; as measure of dialyzer effectiveness, 92;
monitored by HD machines, 100
Clinical practice guidelines, 313
CMS (Centers for Medicare and Medicaid Services), 5, 269
CNNT (Council of Nephrology Nurses and Technicians), 11
Coefficient of ultrafiltration. See ultrafiltration
(UF) coefficients (KUF)
Communication: guidelines for, 50–51; between
preceptors and trainees, 284–85
Complement activation, 313
Concentrates, 92–93, 93t, 96, 313
Concentration, 71–72, 313
Conductivity, 95, 97–98, 100, 255–56, 313
Conductivity monitor, 96, 187, 314
Confidentiality, 10, 50
Confusion, 29
Constipation, 46–47
Contact dermatitis, 27. See also skin problems
Contact time, 227, 228t
Contamination prevention guidelines, 175
Convection: and clearance (K) rates, 89–90;
definition of, 74, 90; in dialysis, 78
Copper, 258t, 262
Cortex, 20
Countercurrent flow, 73, 314
CQI (continuous quality improvement), 8–9, 9f, 154, 155f, 314.
See also quality
Cramps, 29, 202t, 204t
Creatinine: blood tests for, 31t, 42; clearance (K), 314; definition
of, 22, 314; molecular weight of, 88t; in sorbent dialysis, 111, 112f
Crenation, 315
CROWNWeb (Consolidated Renal Operations
in a Web-enabled Network), 7, 155, 315
CRRT (continuous renal replacement therapy), 314
Cyanosis, 261, 315
Cycler machines, 36f; used in PD (peritoneal dialysis), 4, 36
D
Daltons (Da), 72, 88
Death: by air in bloodstream, 108; by allergic reaction, 88; by
blood loss, 132; by chlorine/chloramines, 260; and choice to
stop treatment, 40; by contaminated dialysis water, 241, 243; by
deionization (DI) water treatment, 249; by dialysate mistakes,
97; improving rates of, 53; by incorrect medication, 179; by
infection, 136, 171; by lack of access sites, 121; as &quot;mortality,&quot; 7,
329; as result of high potassium, 46; risk of, with standard 3-daya-week schedule, 38. See also survival rates
1 0
Dehydration, 32t, 195, 315
Deionization (DI), 249
Deionization (DI) systems, 255
Deionization (DI) tank, 315
Delivery systems, 96f; alternative dialysis therapies, 103; bypass
mode, 99; definition of, 322; for dialysate, 96–100, 97f; monitoring devices for, 103–4; monitoring system of, 97–100; NxStage&reg;
System One™ machine, 112–13, 113f; overview of, 95; proportioning system, 96; starting, 197
Dementia, 261
Depression, 49
Diabetes: and blood sugar tests, 196; as cause of kidney failure, 23;
complications of, 23f; definition of, 315; and fistulas, 124; and glucose, 94; nephropathy, 315; prevention of, 23; type 1 vs. type 2, 23
Dialysate, 4f, 36f; analysis devices, 104; blood in, 98; bypass of,
97; composition of, 92–95, 93f, 93t; conductivity of, 97–98;
death as result of mistakes in, 97; definition of, 71, 315; delivery
systems for, 96–100; during dialysis, 76–77; and flow control
UF system, 102, 103f; flow of, during dialysis, 73f, 87, 87f, 98;
flow rate (Qd), 92, 98; glucose in, 93f, 93t, 94, 196; for home
treatments, 113; mixing, 71, 96; pH of, 99; predialysis treatment
procedures, 186; pressure, 77f; purpose of, 92; safety checks,
187; and solubility, 71; in sorbent dialysis, 111; standards for, 8;
temperature of, 98, 338; used in PD (peritoneal dialysis), 35–36;
use of, 4; and volumetric control system, 100–102
Dialysis, 3f, 38f; adequacy of, 322; before and after Medicare,
5t; alternative treatments, 103; benefits of longer/more frequent
treatments, 4, 80, 211; compared to normal kidney function, 35t;
comparison of, by length of sessions, 79f, 80; complications of,
200–206t; convection in, 78; CQI (continuous quality improvement) in, 8–9; definition of, 315; dialysate used in, 4; dialyzers
used in, 4; diffusion in, 76–77; ensuring quality in, 6–9; factors affecting, 210–12; fluid dynamics in, 76; goals of, 34–35; guidelines
for care, 7; HD (hemodialysis), 321; high-effeciency, 323; highflux, 323; minimum delivered vs. prescribed dose of, 210; osmosis
in, 78; overview of, 3, 4, 37; patient education, 51–53, 55–56; paying for, 5; predialysis safety check, 187; predialysis treatment procedures, 186–93; quality standards for, 8; self-care HD, 336; sorbent,
111, 337; standard vs. short daily, 39; types of, 3; ultrafiltration
(UF) in, 78; wastes removed during, 4; water removed during, 4.
See also delivery systems; HD (hemodialysis); nocturnal home HD;
nocturnal in-center HD; PD (peritoneal dialysis); short daily home
HD; standard home HD; standard in-center HD; wastes
Dialysis disequilibrium syndrome, 202t, 204t, 316
Dialysis Facility Compare website, 7, 57
Dialyzer reprocessing, 230f; automated, 224f; automated vs. manual, 224; damage to dialyzers from, 233; definition of, 221, 335;
documentation for, 233–34t; germicide removal, 230, 231t; history
of, 221–22; labeling, 225, 225f, 230; and manufacturer labeling, 223; post-treatment procedures, 208; potential hazards from,
231–33; and preparing for next use, 230; rules for, 223; and storage
procedures, 229; system diagram for, 224f. See also germicides
Dialyzers, 38f, 87f, 230f; biocompatibility of, 88, 91; blood
and dialysate flow through, 87f; cleaning after dialysis, 226–27;
clearance (K) rates, 89–90; damage to, from reprocessing, 233;
definition of, 316; design of, 87; diffusion inside, 77f; filter as
semipermeable membrane, 72; as hazardous materials, 228–29;
hollow fiber dialyzers, 87, 227f, 323; Kiil, 221, 221f; mass transfer
coefficient of, 89; measuring effectiveness of, 92; molecular weight
cutoff of, 88; monitoring clearance of, 100; overview of, 37;
potential hazards from, 232f; predialysis treatment procedures,
186–87; preparing for first use, 225; preprocessing, 225; refrigerating, 226; rejecting, 227; reusing, 222–23, 231–33; rinsing,
231t; sample spec sheet for, 114; sieving coefficients (SC) of, 89f;
standards for reuse, 8; surface area of, 88; synthetic vs. cellulose
membranes for, 28, 88, 90, 91; testing, 227; ultrafiltration (UF)
coefficients (KUF) of, 88–89; use of, 4; water used for, 225. See also
dialyzer reprocessing
Diarrhea, 47
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Diet and fluid limits, 42f, 45f; calories, 42; for dialysis patients,
41–47; measurement conversions, 44t; and nocturnal in-center
HD, 38; and phosphate binders, 30; potassium, 29; protein, 42;
and standard in-center HD, 38
Dietitians, 41–43, 47
Diffusion, 72f, 74f, 77f; affected by membrane, 73; affected by
temperature, 72; and clearance (K) rates, 89–90; definition of, 72,
90, 316; in dialysis, 76–77; vs. osmosis, 73–74
Digestive disorders, 23
DIN connectors, 105
Disinfectant, 316, 321
Disinfection. See dialyzer reprocessing; germicides
Distribution system, 251
Documentation, 184–85, 185t, 253t, 317
DOPPS (Dialysis Outcomes and Practice Patterns Study), 7, 316
DOQI (Dialysis Outcomes Quality Initiative), 7
DPC (Dialysis Patient Citizens), 57
Drag (resistance), 74–75
Drip chambers, 105, 108–10, 317
Dry weight: definition of, 44, 317; estimated (EDW), 78,
188–89; and predialysis patient evaluation, 188–89; target UF
goal based on, 102
Dwell time, 317
Dyspnea, 192t, 317
E
EBCT (empty bed contact time), 247, 317
Edema: definition of, 317; pitting, 189; and predialysis patient evaluation, 189; pulmonary edema, 334; as result of fluid imbalance, 44;
and sodium, 45; as uremia symptom, 25t
EDW (estimated dry weight), 78, 188–89. See also dry weight
Electrolytes: acetate, 95; bicarbonate, 94–95; calcium, 29–30, 94;
carbon dioxide, 95; chloride, 94; definition of, 21, 317; in dialysate, 95; during dialysis, 77; imbalances in, 30–31; magnesium,
32t, 94; phosphorus, 30; potassium, 29, 32t, 94, 260; purpose
of, 93; sodium, 29, 32t, 93–94, 260; as solutes, 71, 75
Emergency preparedness, 183–84
Encephalopathy, 261, 318
Endocrine function, 318
Endotoxin: AAMI standards for, 259; definition of, 99, 259, 318;
prevention of, 259; and reusing dialyzers, 231–32; standards for,
in dialysis water, 243; and submicron filters, 250; testing for, in
dialysis water, 258–59; and ultrafilters, 250, 250f
EPA Safe Drinking Water Act, 113, 241, 262
EPO (erythropoietin): and anemia, 26; definition of, 22, 318;
and hemoglobin levels, 32t; for normal kidneys vs. dialysis, 35t
ePTFE (expanded polytetrafluoroethylene), 143, 322
Equilibrium, 75, 318
ESRD (End-Stage Renal Disease) Networks, 6, 6f, 8, 57, 318.
See also Medicare
ESRD Clinical Performance Measures, 7
ESRD Conditions for Coverage, 7
ESRD Quality Initiative, 7
Ethyl chloride spray, 134
ETO (ethylene oxide), 318
Exams, 11–12
Exchange, 4, 36f, 318
Excretory function, 318
Exercise, 56
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Exsanguination: and catheters, 152, 154; caused by line separation, 136; caused by pseudoaneurysms, 148; caused by using Buttonhole technique on grafts, 131; as cause of death during dialysis,
132; definition of, 318; during dialysis, 138, 198. See also death
Extracellular space, 75–76, 318
Extracorporeal circuit, 104f; blood tubing, 104–5; definition of,
319; monitors, 319; pressure monitors, 107–8, 108f; safety checks,
187; transducer protectors, 105–6; types of pressure in, 108t
Extraskeletal calcification, 30, 319
F
FBV (fiber bundle volume), 225
FDA (Food and Drug Administration), 8, 106, 243, 320
Feeding tubes, 43
Feed water: chemical injection systems for, 245; components of,
244; definition of, 243, 319; pH of, 245; sediment filters for,
245, 245f; and UV (ultraviolet) light, 250; water softeners, 246.
See also water
Femoral catheters. See under catheters
Ferritin: blood tests for, 31t; definition of, 319
Fertility, 49
Fever/chills, 202t, 205t; caused by contaminated dialysis water,
263t; caused by pyrogens, 99; and patient vital signs, 191–92, 192t
FFBI (Fistula First Breakthrough Initiative), 7, 121, 125, 155
Fiber bundle volume (FBV), 225, 319
Fibrin sheaths, 124, 319
Fibrosis, 319
Filters. See kidneys; membranes; nephrons; pyrogen filters;
sediment filters
Filtration, 74, 319
First-use syndrome, 203t, 205t, 312, 318–19
Fistulas: and anemia, 138; and arteries, 121; assessing maturity of,
125–26; as best type of access, 123–24; brachiocephalic, 123; and
bruits, 124, 126–27; and Buttonhole technique, 131–32, 161–63;
cannulation of new, 126; complications of, 136–42; creating,
123–24; definition of, 308; examples of locations for, 123f; failure
of maturation in, 124–25; and FFBI (Fistula First Breakthrough
Initiative), 7, 121, 125, 155; and high output cardiac failure, 142;
and infections, 136; lifespan of, 122; needle insertion for, 126–35;
overview of, 37, 121–22; post-treatment care for, 135; preparing
for dialysis with, 126–28; pros and cons of, 124–25; protecting,
135; radiocephalic, 123, 334; reasons for avoiding, 124; &quot;Rule
of 6's,&quot; 126; surgery for, 121–22, 124; and thrills, 124, 126–27;
vasoconstriction of, 134–35; and veins, 121
Fixed ratio pumps, 96
Flocculant, 242, 320
Flow control UF system, 102, 103f
Flow geometry, 73f; countercurrent, 314; countercurrent vs.
concurrent, 73
Flow rate, 74–75, 259, 320
Flow velocity, 74–75, 320
Fluid compartments, 75–76
Fluid dynamics, 74–76
Fluoride, 111, 112f, 242, 249, 258t, 261
Folacin, 47
Folate, 47
Formaldehyde, 227–28, 228–29t, 320
Formalin&reg;, 320
Frequent Hemodialysis Network study, 39
Fresenius Medical Care, 100
M o d u l e
G
GAC (activated charcoal), 246–7. See also carbon tanks
Gambro, 100, 107
Germicides: and anaphylaxis, 204t; and bacteria/endotoxin
problems, 231–32; and biocompatibility, 222; and bloodborne
diseases, 175–76; and clinic documentation, 233t; contact
time for, 227; and dialyzer disinfection, 227–28; and dialyzer
performance, 233; and dialyzer rejection, 227; and early dialyzer
reprocessing methods, 221–22; effects of, on patients, 232; as
hazardous materials, 228; removal of, from dialyzer, 186–87,
230, 231t; and system diagram for reprocessing dializers, 224f;
and technical complications of HD, 206t; types of, 228t
GFR (glomerular filtration rate): definition of, 320; and
neuropathy, 28; stages of CKD based on, 23t
Glomerular diseases, 24
Glomerular filtrate, 20–21
Glomerular filtration rate (GFR). See GFR (glomerular filtration rate)
Glomerulonephritis, 320
Glomerulosclerosis, 320
Glomerulus: definition of, 321; overview of, 20–21
Gloves, 173–74
Glucose: in acid concentrate, 92; blood tests for, 31t; in dialysate,
93f, 93t, 94, 196; as solute, 71, 75
Glutaraldehyde, 227–28, 228–29t
Gradient, 72–74, 321
Grafts, 143f; biologic vs. synethetic, 142–43; and blood clots, 122,
144, 147; and bruits, 144; complications of, 146–48; &quot;coring&quot; of,
138, 161; creating, 143; definition of, 142, 321; HeRO (hemodialysis reliable outflow) grafts, 143, 143f, 322; infection risks of, 122,
144, 146; lifespan of, 122; locations for, 143; materials used for,
142–43; overview of, 37; post-treatment care for, 146; preparing for
dialysis with, 144–45; pros and cons of, 144; and pseudoaneurysms,
147–48; ruptures of, 148; and steal syndrome, 147; and stenosis,
122, 147; surgery for, 122; and thrills, 144–45; and thrombosis, 122
Gram-negative/gram-positive, 321
H
Hand hygiene, 172–73, 175
Hard water syndrome, 260
Hazardous materials, 228–29
HD (hemodialysis). See dialysis; nocturnal home HD; nocturnal
in-center HD; short daily home HD; standard home HD; standard in-center HD
Headaches: caused by contaminated dialysis water, 263t; caused
by electrolyte imbalances, 29
Header caps, 226
Heart problems: angina, 201t, 204t; arrythmia, 201t, 204t;
cardiac arrest, 202t, 204t, 311; caused by accesses, 123; caused
by air embolisms, 136; caused by electrolyte imbalances, 29, 32t;
congestive heart failure (CHF), 314; as diabetes symptom, 23;
high-output cardiac failure, 140–42, 323; left ventricular hypertrophy (LVH), 26; myocardial infarction (MI), 329; pericardial
effusion, 331; pericarditis, 28; and secondary hyperparathyroidism (HPTH), 27; standard in-center vs. nocturnal home HD, 40
Heavy metals, 111, 112f
Hemastix&reg;, 321
Hematocrit, 30, 111, 321
Hematoma, 137, 151, 321
Hemochromatosis, 31–32t
Hemoconcentration, 100, 321
Hemoglobin (Hgb): and anemia, 26; blood tests for, 32t;
definition of, 6, 322; and P4P (pay for performance), 6
Hemolysis, 98, 260, 263t, 322
1 0
Hemolytic anemia, 260, 322
Hemothorax, 151, 322
Heparin: administering to patients, 198–99; and aseptic technique, 172; and bleeding problem management, 29, 141; and
BUN measurements, 210; and catheter preparation, 150, 153;
cleaning from equipment, post-treatment, 208; definition of, 322;
on dialysis treatment orders, 185; and dialyzer reuse, 231t; and
drawing blood samples, 195–96; in extracorporeal blood circuit,
110; impact on waste clearance, 210–11; methods of administering, 199t; and needle &quot;flipping,&quot; 129, 138; and needle infiltration,
137; overdose, 203t, 205t; and technical complications of HD,
206t
Heparin infusion line, 105, 110f, 199f, 322
Heparin infusion pump, 199f, 323
Hepatitis B, 32t, 175–76, 223, 323
Hepatitis C, 32t, 176, 323
HeRO&reg; (hemodialysis reliable outflow), 143, 143f, 322
High-effeciency dialysis, 323
High-flux dialysis, 323
High output cardiac failure: as complication
of fistulas, 142; definition of, 323
HIPAA (Health Insurance Portability and Accountability
Act), 10, 50, 323
HIS (health information systems), 104
HIV/AIDS, 24, 176–77, 323
Hives, 27
Hollow fiber dialyzers. See dialyzers
Home Dialysis Central, 58
Homeostasis, 21, 72, 323
Home treatments: NxStage&reg; System One™ machine, 112–13, 113f;
water for, 241. See also nocturnal home HD; PD (peritoneal dialysis); short daily home HD; standard home HD
Hormones, 22f; calcitriol (active vitamin D), 22; definition of, 22,
323; EPO (erythropoietin), 22, 26, 32t, 35t, 318; melatonin, 29
Hospice services, 40
Hospital stays: caused by access problems, 121; caused by
infection, 171
HPTH (secondary hyperparathyroidism), 26–27, 46, 336
Hydraulic pressure, 324
Hydrogen peroxide, 229t
Hydrophobic, 324
Hygiene, 172–73, 175
Hypercalcemia/hypocalcemia, 29–30, 324, 325
Hyperglycemia/hypoglycemia, 31t, 324, 325
Hyperkalemia/hypokalemia, 29, 46, 324, 325
Hypermagnesemia, 324
Hypernatremia/hyponatremia, 29, 324, 325
Hyperphosphatemia/hypophosphatemia, 30, 46, 324, 325
Hyperplasia, 324
Hypersensitivity, 324
Hypertension (high blood pressure), 203t, 205t; caused by
contaminated dialysis water, 263t; as cause of kidney failure,
24; definition of, 324; and patient vital signs, 192t; primary vs.
secondary, 24; and sodium, 45; treatments for, 24
Hypotension (low blood pressure), 203t, 205t; caused by contaminated dialysis water, 263t; caused by electrolyte imbalances,
29; definition of, 325; orthostatic, 192t, 207, 330; and patient
vital signs, 192t; as result of fluid imbalance, 44
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I
IDPN (intradialytic parenteral nutrition), 43
Immune system, 88, 177, 232
Immunosuppressant drugs, 34
Impotence. See sexual problems
Infection risks: and aneurysms, 139; and blood contamination, 99;
Buttonhole technique, 131; of catheters, 37, 122, 152; of femoral
catheters, 151; of fistulas, 122, 136; of grafts, 122, 144, 146; of
PD (peritoneal dialysis), 35; reducing, 128, 128t, 131, 152
Infections: controlling, 171–75, 173f, 325; definition of, 325;
hepatitis B, 175–76; hepatitis C, 176; HIV/AIDS, 176–77; local,
327; MRSA (methicillin-resistant Staphylococcus aureus), 177;
nosocomial, 330; peritonitis, 35; and QAPI (quality assessment
and performance improvement) plans, 155f; signs of, 127, 146; TB
(tuberculosis), 178; VRE (vancomycin-resistant Enterococcus), 177
Infiltration, 126, 137, 137f, 326
Internal jugular (IJ) catheters. See under catheters
Interstitial space, 75–76, 93, 326
Intima, 326
Intracellular space, 75–76, 326
Intravascular space, 75–76
Ions: checking, in dialysate, 96; definition of, 21, 326; formed by
electrolytes in dialysate, 95; in sorbent dialysis, 111; and water
softeners, 246
Iron, 31–32t
Ischemia, 327. See also steal syndrome
Itchy skin. See skin problems
IV (intravenous) solutions, 180
IVC (inferior vena cava), 151
J
JAS (juxta-anastomotic stenosis), 139
The Joint Commission (TJC), 8
K
Kayexalate, 46
KDIGO (Kidney Disease: Improving Global Outcomes), 7, 327
KDOQI (Kidney Disease Outcomes Quality Initiative), 7, 121, 155
Kidney disease: causes of, 23–24; CKD (chronic kidney disease),
313; ESRD (End-Stage Renal Disease), 318; overview of, 22–23;
PKD (polycystic kidney disease), 24, 332; problems caused by,
24–30, 25f; stages of, 23t; tips for slowing, 22; treatment goals
for, 53–56; treatment options for, 33–40; types of, 22–23
Kidneys: compared to dialysis, 35t; cross section of, 20f; details of,
19–20; functions of, 21–22, 94; location of, 19f; structure of, 20–21
Kidney School, 58
Kidney stones, 24
Kidney transplants, 34f; ABO (blood type) incompatible
transplants, 34; definition of, 327; donor exchange, 34; ECD
(expanded criteria donors), 34; overview of, 33–34; paying for, 5
KoA (mass transfer coefficient), 89
Kolff, Willem, 312
KUF (ultrafiltration coefficient), 88–89
L
Lactate, 113
LAL (limulus amoebocyte lysate), 259
Lead, 258t, 262
Learning contract sample, 278f
Lidocaine, 134
Life Options Program, 58
348
Lifting and carrying techniques, 181–83
Line separation, 136
Listening, active, 50
Liver damage, 263t
Lumens, 140, 149, 327
LVH (left ventricular hypertrophy), 26, 44
M
Magnesium: AAMI standards for, 258t; blood tests for, 32t;
definition of, 327; in dialysate, 93f, 93t, 94, 260–61; functions
of, 94; removal of, by water softeners, 246
Magnesium chloride, 92
Malnutrition: blood tests for, 31–32t; definition of, 328; and
glucose, 94; treatments for, 43; and uremia, 212
Mass transfer coefficient (KoA), 89
MAT (Measures Assessment Tool), 8
MBD (mineral bone disorder), 46. See also bone disease
Measurement conversions, 44t
Medical Review Boards, 8
Medical waste, 222–23
Medicare: clinic inspections, 8; composite rate payments, 5–6; Conditions for Coverage for ESRD Facilities, 5, 135, 313; coverage of
vessel mapping, 124; dialysis before and after, 5t; and dialyzer reuse,
222; ESRD (End-Stage Renal Disease) Networks, 6; ESRD (EndStage Renal Disease) Program, 5–6, 328; P4P (pay for performance),
6; PPS (Prospective Payment System), 6, 333; QIP (quality incentive
program), 6–7; waiting period, 5. See also health insurance
Medications, 178–80, 198. See also specific medications
Medulla, 20
MEI (Medical Education Institute), 58
Melatonin, 29
Membranes, 73f, 91f; adsorption of proteins, 88; cellulose, 91;
compliance, 328; definition of, 72; filters, 328; and mass transfer
coefficient (KoA), 89; modified cellulose, 91; nature of, 73; in
osmosis, 73; overview of, 90; for RO (reverse osmosis), 248–49,
248f; semipermeable, 336; submicron filters, 250; synthetic, 91;
synthetic vs. cellulose, 28, 88, 90; tearing of, 98; for transducer
protectors, 106; ultrafilters, 250, 339. See also dialyzers
Mercury, 258t, 262
Metabolic acidosis, 95, 263t, 328
Methemoglobinemia, 260, 261, 328
Mho, 97
MI (myocardial infarction), 329. See also heart problems
Microbes, 249–51, 258–59, 328. See also bacteria; endotoxin
Microns, 328
Molecular weights, 88t, 328
Money concerns, 48, 222–23
Monitoring devices, 103–4
Morbidity: definition of, 7, 329; improving rates of, 53
Mortality. See death
MRSA (methicillin-resistant Staphylococcus aureus), 177
Mucous membranes, 171
Muscle weakness, 263t
Myalgia, 329
Myocardial stunning, 44
N
NANT (National Association of Nephrology
Technicians/Technologists), 10
Naproxen, 22
M o d u l e
Nausea/vomiting: bicarbonate as treatment for, 95; caused by
contaminated dialysis water, 263t; caused by electrolyte imbalances, 29; as dialysis disequilibrium syndrome symptom, 202t;
as first-use syndrome symptom, 203t; as hard water syndrome
symptom, 260; as hypercalcemia symptom, 324; as hyponatremia
symptom, 325; as hypotension symptom, 325; and patient malnutrition, 43; and patient needle fear, 133; as pyrogenic reaction,
231, 259; as reaction to copper/zinc, 262; as reaction to fluoride,
261; as reaction to nitrates, 261; as reaction to sulfates, 261; and
suspected water quality problem, 262; as uremia symptom, 25t
Needleless system, 179f
Needles: access problems caused by poor placement of, 121; antegrade vs. retrograde placement of, 130, 130f, 146, 307, 335; buttonhole vs. regular, 132f; for fistulas, 126–35, 129f; &quot;flipping,&quot; 129,
138; gauge size of, 128, 320; and infection control, 174; infiltration
by, 137; length of, 158; overview of, 178; and pain reduction,
133–35; patients' fear of, 133; and pseudoaneurysms, 147–48;
securing after insertion, 132; site rotation, 329. See also cannulation
Needlestick Safety and Prevention Act, 178
Negative air flow, 178
Negative pressure, 206, 329
Neointimal hyperplasia, 147, 329
Nephrologists: definition of, 329; guidelines for dialysis, 7; as
member of care team, 41; type of dialysis chosen by, 33
Nephrons, 20, 20f, 329
Nephropathy, 315
Neurological deterioration, 263t
Neuropathy (nerve damage): caused by kidney failure, 28; as
diabetes symptom, 23; peripheral, 28; and steal syndrome, 138
Niacin, 47
Nitrates, 258t, 261
Nitric oxide, 88t
Nitrosamines, 249
NKF (National Kidney Foundation), 7, 58
NKF Kidney Disease Outcomes Quality Initiative (KDOQI), 7
NNCO (National Nephrology Certification Organization), 12
Nocturnal home HD: definition of, 329; as method of HD, 4;
overview of, 39–40; vs. standard in-center HD, 80; and travel, 49;
used to reduce sleep problems, 29
Nocturnal in-center HD: definition of, 330; as method of HD, 4;
overview of, 38; vs. standard in-center HD, 80; used
to reduce sleep problems, 29
Normal sinus rhythm, 192t
NSAIDS (non-steroidal anti-inflammatories), 22
Numbing creams, 134–35
Numbness, 30
Nurses, 41
Nutrition, 41–47. See also diet and fluid limits; malnutrition
NVAII (National Vascular Access Improvement Initiative), 125
NxStage&reg; System One™ machine, 112–13, 113f
O
Oatmeal baths, 27
Occlusion, 152
&quot;One-site-itis&quot; needle insertion, 148, 148f
Opportunistic illness, 330
OSHA (Occupational Safety and Health Administration),
178, 228–29
Osmolality, 92
Osmosis, 73–74, 74f, 78, 330. See also RO (reverse osmosis)
Osmotic gradient, 330
Osmotic pressure gradient, 73–74, 330
1 0
Outcomes: definition of, 330; improving, for patients, 53, 154;
and patient self-cannulation, 163
P
Pain: concerns about, 49; hand, caused by steal syndrome,
138–39, 147; as uremia symptom, 25t. See also neuropathy
(nerve damage)
PAN (polyacrylonitrile), 91
Pancreas, 23
Pancreatitis, 262
Pantothenic acid, 47
Papillae, 20
Paralysis, 30
Parathyroid glands, 27f
Pathogens, 171, 330
Patient connectors, 105
Patients: access problems, 121; concerns of, 48–49; educating,
about dialysis treatment, 51–53, 55–56; educating about thrills,
127, 144, 145; exposure to water, 242; and hard water syndrome,
260; lifting and carrying, 181–83, 183f; as member of care team,
40; monitoring, 197–200, 262; and needle fear, 133; nutrition for,
41–47; paying for dialysis treatments, 5–6; predialysis evaluation of,
188–93; preventing blood clots, 140; resources for, 56–59; risks to,
from dialyzer reuse, 231–33, 232f; role of, 3; satisfaction surveys for,
7; and self-cannulation, 131, 157–63; self-management of, 53–54;
symptoms related to water contamination, 263t; time in center vs.
time on own, 54f; tips for slowing kidney disease, 22; vital signs,
188–93, 192t, 197, 207; well-being of, 212; and work life, 33
PD (peritoneal dialysis), 4f, 36f; adequacy of, 331; CAPD (continuous ambulatory PD), 36; catheters used for, 4; CCPD/APD
(continuous cycling/automated PD), 36; cycler machines used for,
4, 36; definition of, 331; infection risks, 35; manual, 4; overview
of, 4, 35–36; and patient travel, 49; vs. standard in-center HD, 80;
and travel, 49; wastes removed during, 4; water removed during, 4
PDCA (Plan, Do, Check, Act) cycle, 9. See also quality
Peracetic acid, 227–28, 228–29t
&quot;% rejection&quot; formula, 255–56
Pericarditis: caused by kidney failure, 28; as
cause of patient fever, 191; definition of, 331
Peripherally inserted central catheters (PICC lines), 124
Peripheral neuropathy, 28, 331
Peripheral vascular disease, 25f
Peripheral vascular resistance, 331
Peristaltic pump, 106–7
Peritoneal catheters, 36f
Peritoneal dialysis (PD). See PD (peritoneal dialysis)
Peritoneum: definition of, 4, 331; used in PD
(peritoneal dialysis), 35–36
PES (polyethersulfone), 91
pH: of blood vs. dialysate, 99; controlling through dialysis, 95;
definition of, 99, 332; and deionization, 249; effect on solubility,
71; testing, 99; and water treatment, 242, 245
pH alarm, 187
Phenol, 229t
PHI (personal health information), 10
Phosphate: molecular weight of, 88t; in sorbent dialysis, 111, 112f
Phosphate binders: definition of, 332; and itchy skin (pruritus),
27; and nocturnal home HD, 40; overview of, 46; used by standard
in-center HD patients, 30
Phosphorus: benefits of longer/more frequent treatments, 80;
blood tests for, 32t; definition of, 332; diet and fluid limits on,
46–47; high-phosphorus foods, 46, 47f; imbalances in, 30; for
normal kidneys vs. dialysis, 35t
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PKD (polycystic kidney disease), 24
PKD Foundation, 58
Platelets, 140, 332
PMMA (polymethylmethacrylate), 91
Pneumothorax, 151, 332
Polyamide, 248
Polycarbonate, 91
Pores, 78, 332
Portable lift devices, 183
Positive pressure, 75f, 332
Post-dialysis procedures, 207–8
Potassium: AAMI standards for, 258t; blood tests for, 32t; definition of, 333; in dialysate, 93f, 93t, 94, 260; diet and fluid limits
on, 45–46; functions of, 94; high-potassium foods, 45, 46f;
imbalances in, 29; symptoms of high potassium, 46
Potassium chloride, 92
Preceptor programs: benefits of, 270; learning activities, 287–89;
models for, 271; planning for, 272–73; resources for, 290. See also
adult learners; adult learning principles; preceptors
Preceptors: communication skills, 284–85; definition of, 273;
developing, 275; guidelines for, 273; relationship with trainees,
285–86; roles of, 275; sample evaluation form for, 276f
Precipitates, 71, 336
Predialysis safety check, 187
Predialysis treatment procedures, 186–93
Pressure: definition of, 333; predialyzer, 333; pre-pump arterial,
333; testing, 333
Pressure monitors, 102, 107–8, 108f, 200fPresternal catheter:
definition of, 333; used in PD (peritoneal dialysis), 35
Prilocaine, 135
Primary failure, 125
Priming, 186–87, 197, 333
Product water: definition of, 243, 333; and
deionization, 249. See also water
Proportioning system, 96, 333
Protective gear, 173–74
Protein: and BUN (blood urea nitrogen) test, 31t; and dialyzer
membranes, 88, 90; and nocturnal home HD, 40; tests for, 42;
types of, 42
Pruritus. See skin problems
Pseudoaneurysms, 147–48, 334
PSF (polysulfone), 91
PTH (parathyroid hormone): blood tests for, 32t; and calcium
Phosphate crystals, 71; definition of, 330; excess of, caused by
kidney failure, 26
Pulmonary edema, 334
Pulse oximeter, 191
Pulse rate, 189, 189f, 192t
Pump occlusion, 106, 334
PureFlow™ SL, 113
PVC (polyvinyl chloride), 251
Pyramids, 20
Pyrogen filters, 99
Pyrogenic reaction, 202t, 205t, 231–32, 259, 334
Pyrogens. See bacteria; infection risks; microbes
Q
QAPI (quality assessment and performance improvement), 9, 334
QC (quality control). See quality
QIP (quality incentive program), 6–7, 334
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Quality: assurance and control, 234; CQI (continuous quality
improvement), 8–9, 9f; DOPPS (Dialysis Outcomes and Practice
Patterns Study), 7; DOQI (Dialysis Outcomes Quality Initiative),
7; ESRD Quality Initiative, 7; as focus of dialysis, 6; guidelines for
dialysis care, 7; measuring, 7; monitoring, for dialysis water, 255–
59; QAPI (quality assessment and performance improvement), 9
Quality Assurance Guidelines for Hemodialysis Devices, 8
R
Radial pulse, 334
Recirculation, 138, 186–87, 196, 335
Red blood cells, 26f, 30, 31–32t; and anemia, 26, 138, 196; and
angina, 204t; and blood clots, 140; and CBC (complete blood
count) test, 31t; and centrifuges, 196; and chlorine/chloramines,
260; destroyed by blood pump, 106; destroyed by chloramines,
260; and EPO (erythropoietin), 22, 35t; hematocrit as test for,
30; and hemoglobin levels, 32t; hemolysis (bursting) caused by
high dialysate temperature, 98; and hyperkalemia, 29; and hypophosphatemia, 30; and nitrates, 261; and pump occlusion, 106;
and technical complications of HD, 206t; and TSAT (transferrin
saturation) test, 32t. See also anemia
Regional citrate, 200
Reject water, 255, 335
Renal dietitians, 41
Renal osteodystrophy: caused by high PTH, 26; definition of, 335
Renal pelvis, 20
Renin-angiotensin system, 335
Reprocessing. See dialyzer reprocessing
Resin beads, 246, 249
Resistance (drag), 74–75, 335
Resistivity, 249, 255, 256, 335
Respiration rate, 191, 192t
Restless legs syndrome, 39
Reuse. See dialyzer reprocessing; dialyzers
Reverse ultrafiltration (UF), 226
Riboflavin (B2), 47
Rinseback, 207, 226, 226f, 335
RO (reverse osmosis), 74, 244, 247–49, 248f, 252t, 335
RO (reverse osmosis) device, 255
Roller pump, 336
Rope ladder technique (rotating sites), 130–31, 130f
RPA (Renal Physicians Association), 7
RSN (Renal Support Network), 59
&quot;Rule of 6's,&quot; 126, 336
S
Safe Drinking Water Act (1974), 113, 241, 262
Safety checks, 187
Saline infusion line, 105, 336
Saline prime. See priming
Salt. See sodium
Salt bridge, 254
Salt substitutes, 46
Scabs, 131, 161–62
Scale, 246, 249, 261, 336
Scribner, Belding, 221
Secondary hyperparathyroidism (HPTH), 26–27, 46, 336
Sediment filters, 245, 245f
Seizures, 29–30, 203t, 205t, 336
Selenium, 258t, 262
M o d u l e
Self-management: overview of, 53–54; and positive attitude,
54–55
Sensors. See alarms
Sepsis: blood cultures for, 31t; calused by bacteria, 259; caused
by infected fistulas, 136, 162; definition of, 336; and MRSA
(methicillin-resistant Staphylococcus aureus), 178; and reusing
dialyzers, 231–32. See also bacteria; infection risks; microbes
Serum, 336
Serum albumin, 30–31t, 43
Servo-controlled mechanisms, 96
Sexual problems: concerns about, 49; and peripheral neuropathy,
28; as uremia symptom, 25t
Short daily home HD: definition of, 336; as method of HD, 4;
overview of, 39; and patient depression, 49; and travel, 49
Showering, 152
Shunts, 337
Sickle cell disease, 24
Siemens, 97
Sieving coefficients (SC), 78, 89f, 90, 337
Silver, 258t
Sit-to-stand devices, 182
Skin problems: caused by electrolyte imbalances, 29–30; itchy skin
(pruritus), 23, 27, 30, 203t, 205t, 334; as uremia symptom, 25t
SLE (systemic lupus erythematosus), 24
Sleep problems: caused by kidney failure, 29; sleep apnea, 29;
as uremia symptom, 25t
Slide boards, 182
Smoking, 22
Social workers, 41
Sodium: AAMI standards for, 258t; blood tests for, 32t; clearance
of, 100; definition of, 337; in dialysate, 92–94, 93f, 93t, 260;
during dialysis, 78; diet and fluid limits on, 45; imbalances in,
29; in sorbent dialysis, 111, 112f
Sodium bicarbonate, 92
Sodium chloride, 92
Sodium modeling, 94, 337
Solubility: definition of, 71; and dialysate, 71
Solutes: definition of, 71, 337; in dialysate, 92; and dialyzer membranes, 91; and dialyzer surface area, 88; diffusion of, 72; electrolytes
as, 75; glucose as, 75; hypertonic/hypotonic, 72, 325; isotonic, 72;
and mass transfer coefficient (KoA), 89; methods of removing, 90
Solution: blood as, 75; definition of, 71, 337;
drawing up, 180f; IV (intravenous), 180
Solvent: definition of, 71, 337; drag, 74, 90, 337; and osmosis,
73; water as, 71, 75, 241
Sorbent cartridge, 111, 112f
Sorbent dialysis, 111, 337
Sphygmomanometer, 190
Stand and pivot technique, 182
Standard home HD: definition of, 337; as method of HD, 4;
overview of, 39; and travel, 49
Standard in-center HD: definition of, 337; limits of, 78–80; as
method of HD, 4; as most-used treatment option, 33; vs. nocturnal HD, 80; nutrition for patients on, 41–47; overview of, 38;
and patient depression, 49; vs. PD (peritoneal dialysis), 80; and
phosphorus removal, 30; and work life, 38, 55–56
State surveyors, 8
Steal syndrome, 127, 138–39, 147, 191, 327, 338
Stenosis, 139f; and blood clots, 141; and catheters, 122, 152; central
venous, 312; definition of, 338; and fistula maturation problems, 125;
and fistulas, 139–40; and grafts, 122, 144, 147; Symptoms of, 140
1 0
Subclavian catheters. See under catheters
Submicron filters, 250
Sulfates, 258t, 261
Supplies, paid for by Medicare, 6
Surgery: for catheters, 150; for fistulas, 121–22, 124; for grafts,
122, 143
Survival rates: benefits of longer/more frequent treatments, 80;
and dialyzer reuse, 222; nocturnal home HD, 40; and patient
Self-management, 53; standard vs. nocturnal in-center HD, 38;
Standard vs. short daily HD, 39
Swimming, 152
Syringes, 178, 179f
T
Tachycardia, 192t
TB (tuberculosis), 178
TCV (total cell volume), 222, 225, 227
Technical complications, 206t
Technicians: as adult learners, 277; and anemia management,
26; biomedical equipment technicians, 41; and bleeding problem
management, 29; certification of, 11–12; communication guidelines for, 50–51; education requirements for, 269; and electrolyte
management, 30; guidelines for dialysis care, 7; and itchy skin
(pruritus) management, 27; as member of care team, 41; and nutrition management, 43; patient care dialysis technicians, 41; and
pericarditis management, 28; and phosphorus management, 47;
professionalism guidelines for, 9–11, 50–51; reuse technicians, 41;
scope of practice, 269; and secondary HPTH management, 27;
types of, 41; and uremia management, 25. See also adult learners
Temperature, 192t; of dialysate, 98, 338; of dialyzers, 226; and
predialysis patient evaluation, 191–92; of solvent, 71; thermometer types, 192f
Temperature alarm, 187
Temperature blending valve, 244, 254
Tetany, 30
TFC (thin film composite), 248–49
Thalium, 258t
Thermometer types, 192f
Thiamin, 47
Thirst, 29, 45
THM (trihalomethanes), 242
Thrills: and access complications, 141; and blood clots, 141,
147; definition of, 339; educating patients about, 127, 144, 145;
and fistulas, 124, 126–27; and grafts, 144–45; lack of, as sign of
thrombosis, 147; and stenosis, 140; and technical complications
of HD, 206t
Thrombosis, 339. See also blood clots
TMP (transmembrane pressure): and calculating amount of
water to remove, 194; definition of, 76, 89, 100, 339; and dialysate pressure, 100; during dialysis, 78; formula for, 213; during
pre-cleaning process, 226
Tourniquets, 128
Toxins, 22
TPN (total parenteral nutrition), 43, 339
Trace metals, 262
Trainers. See preceptors
Training programs. See preceptor programs
Transducer protectors, 105–6, 339
Transducers, 105
Transplants. See kidney transplants
Treatment options: assisting patients to select, 37; choosing death, 40
Treatment orders, 185
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Treatment plans, 186
Tremors, 30
Trendelenburg position, 136, 339
TSA (tryptic soy agar), 259
TSAT (transferrin saturation), 32t
Tubing. See blood tubing
Tubular system, 20–21
Tubules. See tubular system
Twardowski, Zbylut, 131, 161
Vitamin A, 47
Vitamin B6: guidelines for, 47; as treatment for neuropathy, 28
Vitamin B12, 47
Vitamin C, 47
Vitamin D: active form (calcitriol), 22; and hypercalcemia, 29; for
normal kidneys vs. dialysis, 35t; problems caused by too little, 46
Vitamin E, 47
Vitamin K, 47
Volumetric UF control system, 100–102, 101f
U
UF (ultrafiltration), 74f; definition of, 74, 100, 339; in dialysis, 78;
flow control system, 102, 103f; glucose as aid to, 94; isolated, 327;
reverse, 226; types of control systems, 100; used to remove water
during dialysis, 94, 194–95; volumetric control system, 100–102
UF (ultrafiltration) coefficients (KUF), 88–89, 194, 313
UFR (ultrafiltration rate): controlled by dialysis machine, 89,
100; and convective clearance, 90; definition of, 339; and drops
in blood pressure, 94, 111
UKM (urea kinetic modeling), 209–10, 214, 340
Ultrafilters, 250, 250f
Ultrasound test, 124, 163
UNOS (United Network for Organ Sharing), 33
Urea: blood tests for, 31t; clearance of, 100; during dialysis, 76;
and mass transfer coefficient (KoA), 89; molecular weight of, 88t;
in sorbent dialysis, 111, 112f; used in dialyzer tests, 92
Urease, 111, 112f
Uremia: caused by recirculation, 138; definition of, 22, 24, 340;
and malnourishment, 212; as result of kidney failure, 24–25;
symptoms and causes, 25t
Ureter, 20
Urethra, 20
Uric acid, 111, 112f
Urine: and diet/fluid limits, 44; problems of, as uremia symptom,
25t; removal of, by healthy kidneys, 20–21
URR (urea reduction ratio), 209, 214, 340
USRDS (United States Renal Data System), 8, 36
UV (ultraviolet) light, 250, 339
W
Wastes: comparison of, by length of dialysis session, 79f, 80;
disposal of infectious, 175; for normal kidneys vs. dialysis,
35t; removal of, by healthy kidneys, 20–21; removal of, during
dialysis, 4, 76–77
Water: AAMI guidelines for, 256–58t; calculating amount to
remove, 78, 194–95, 194t; chemical monitoring of, 260–62; conductivity vs. resistivity, 256; contaminants in, 241, 241f; and diet/
fluid limits, 44; drinking vs. dialysis volumes, 243f; EPA drinking
water standards for, 263t; ground vs. surface sources, 241; for
home treatments, 241; and KUF (ultrafiltration coefficient),
88–89; microbial testing of, 258–59; molecular weight of, 88t;
monitoring quality of, 255–59; for normal kidneys vs. dialysis,
35t; patient exposure to, 242; removal of, by healthy kidneys,
20–21, 241; removal of, during dialysis, 4; as solvent, 71, 75, 241;
standards for, in dialysis, 8, 243; symptoms related to contamination of, 263t; treatment plant, 242f; treatments for drinking,
241–42. See also edema; feed water; product water; water softeners
Water softeners, 246, 246f, 254, 341
Water treatment systems, 244f; components of, 243–44; direct
vs. indirect feed distribution systems, 251; disinfection of, 251;
example of log, 253t; feed water components, 244; monitoring,
251–55; pretreatment components, 245–50; storage tank for,
251; tests for, 252t
Weight. See dry weight
Weight loss, 42–43. See also dietitians
Weights and measures, 341–42
V
Vascular access. See access
Veins, 105f, 122f, 123f; femoral, 150–51; and fistulas, 121; internal jugular (IJ), 150–51; subclavian, 150–51; used for catheters,
150–51. See also access; fistulas; grafts
Venipuncture, 340. See also cannulation; needles
Venous pressure monitor, 187
Vessel mapping, 124
Vital signs, 188–93, 192t, 197, 207
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Z
Zinc, 88t, 258t, 262
Zirconium carbonate, 111, 112f
Zirconium oxide, 111, 112f
Zirconium phosphate, 111, 112f
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