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Foreword

Twenty-five years ago, the field of patient safety, apart from a number of early
pioneers, did not exist, and the lack of attention to medical accidents could rea-
sonably be described as negligent. Major progress has now been made in assess-
ing the nature and scale of harm. The findings of the major record review stud-
ies are widely accepted, and numerous other studies have catalogued the nature
and extent of surgical adverse events, infections, adverse drug events and other
safety issues. Analyses of incidents are now routinely performed, albeit often in
a framework of accountability rather than in the spirit of reflection and learn-
ing.

Substantial progress has been made in many clinical areas in understanding
the causes of error and harm. Surgery, for instance, was long ago identified as
the source of a high proportion of preventable adverse events. A decade ago,
most of these would have been considered unavoidable or ascribed, generally
incorrectly, as due to poor individual practice. Studies of process failures, com-
munication, teamwork, interruptions and distractions have now identified mul-
tiple vulnerabilities in systems of surgical care. Many groups are now moving
beyond the undoubted gains of checklists to a more sophisticated understanding
of surgical teamwork in both the operating theatre and the wider health care
system. A considerable number of interventions have shown that errors can be
reduced and processes made more reliable in many other areas of health care.
Interventions such as computer order entry, standardisation and simplification
of processes and systematic handover have all been shown to improve reliability,
and in some cases reduce harm, in specific contexts.

We are also learning that safety needs to be approached differently according
to context. Each clinical activity poses its own particular risks to patients and the
solutions must be customised and adapted for each setting. Some settings ben-
efit from tight procedures and standardisation, whereas others require more
flexible approaches to the management of risk and crisis.

\



Dialysis is of enormous benefit to patients and their families but, like other
effective treatments, also poses risks. This book brings our understanding of pa-
tient safety to bear on the processes and systems of dialysis access, examining
both the nature of the risk to patients and the means of managing them effec-
tively. The book will surely be greatly welcomed by dialysis patients, families and
all those who care for them.

Charles Vincent, London

Professor of Psychology

University of Oxford

Emeritus Professor Clinical Safety Research
Imperial College London
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Preface

Patients with end-stage renal disease and its comorbidities have a high risk of
suffering adverse events during their continuous treatment as in- or outpatients.
Furthermore, dialysis access creation and maintenance are prone to complica-
tions. Therefore, specific strategies and various techniques to promote a patient
safety initiative are of genuine interest.

Even 15 years after the publication of To Err Is Human: Building a Safer
Health System by the Institute of Medicine, doctors and nurses are not always
aware of the consequences of unsafe behavior. Today, we face the fact that know-
ing about the right thing is not a guarantee of doing the right thing. With this
book, we aim to raise health care professionals’ awareness of the aspects of pa-
tient safety, which combines medical education with evidence-based medicine.
We are convinced that preventive strategies are key to avoid harm and to im-
prove the outcome of the treatment of the growing number of patients with
chronic kidney failure.

We are grateful that so many authors from different countries have contrib-
uted to this book. They give us a diversified insight into important concepts and
technical tricks, which are essential to create and maintain a functional dialysis
access. With checklists in our mind, we can be more precise in the timing and in
the process of dialysis access creation. Besides simulation training, we also need
a better focus on interdisciplinary and interprofessional communication. We
are convinced that these efforts lead to more satisfaction amongst health care
professionals and result in an improved medical outcome for our patients.

We thank the Vascular Access Society (www.vascularaccesssociety.com), the
Vascular International School (www.vascular-international.org) and several in-
dustrial sponsors for their support when we started this patient safety project.

Please share your contributions with us at patientsafetyvas@insel.ch.

Matthias K. Widmer, Bern
Jan Malik, Prague
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Patient Safety: What s It All about?

David Schwappach

Swiss Patient Safety Foundation, Zurich, and Institute of Social and Preventive Medicine,
University of Bern, Bern, Switzerland

Abstract
Patient safety is a major concern in health care systems worldwide. Patients with serious
conditions, multimorbidity, and with intense and fragmented health care utilization, like
end-stage renal disease (ESRD) patients, are at increased risk for suffering adverse events.
In this chapter, the fundamental terms and concepts of patient safety are introduced. Es-
sential epidemiological data relating to the frequency of adverse events and medical er-
rors are provided. The chapter reports important safety threats for ESRD patients and
describes examples of key innovations which contribute to patient safety. Recommenda-
tions and risk reduction strategies to improve care of ESRD patients are presented.

©2015 S. Karger AG, Basel

Recommendations to Improve Patient Safety

Patients with end-stage renal disease (ESRD) are at increased risk for ad-
verse events and medical errors.

Important safety threats for ESRD patients are wrong site access surgery,
infections of access site, needle infiltration, venous needle dislodgements,
clotting, medication error (in particular dose omissions), and falls following
hemodialysis.

Staff noncompliance and failures to follow protocols and procedures are the
main sources of errors and adverse events.

Interdisciplinary ‘safety teams’ should be installed to assess and monitor
risks and implement evidence-based risk reduction strategies.



Introduction

Patient safety is a major concern in health care systems worldwide and has
gained increasing attention since the Institute of Medicine published its report
To Err Is Human in 1999 [1]. Based on extrapolations of study data, this report
estimated that approximately 44,000-98,000 Americans die annually due to ad-
verse events in health care. Patients with serious conditions, multimorbidity,
and with intense and fragmented health care utilization, like end-stage renal
disease (ESRD) patients, are at increased risk for suffering adverse events. It is
thus vital that clinicians caring for ESRD patients make patient safety a top pri-
ority and cooperate on safety with their colleagues within and across other clin-
ical specialties inside and outside the hospital. In this chapter, we will introduce
the fundamental terms and concepts of patient safety and present readers an
overview of essential data. We describe examples of important innovations
which contribute to patient safety and briefly discuss future needs and develop-
ments.

Terms and Definitions

In brief, patient safety refers to the absence of errors and preventable adverse
events associated with health care. Interventions, activities and policies which
reduce the frequency or consequences of preventable adverse events thus im-
prove patient safety. This definition of patient safety introduces two important
terms: adverse events, and medical errors. Adverse events have two major char-
acteristics: a patient has been harmed and this harm was caused by the medical
management rather than the underlying condition or progression of disease.
The term adverse event describes that an unintended and undesirable outcome
occurred; it does not necessarily involve error. An allergic reaction to a drug is
a common adverse event. Clearly, we have an unintended injury, but as long as
the allergy was unknown to care providers, no error occurred when the drug was
prescribed or administered. Medical error is defined as the failure of a planned
action to be completed as intended (error of execution) or the use of a wrong
plan to achieve an aim (error of planning). Medical errors have the potential to
cause undesirable outcomes but do not require a link to actual subsequent harm.
In fact, the vast majority of errors do not result in iatrogenic injury. Prescribing
a patient with known allergy penicillin because the information is overseen dur-
ing prescribing is an error. But the error may be detected by the administering
nurse before the error reaches the patient and thus harm can be avoided. Ad-
verse events, i.e. harm, caused by error are — by definition - preventable and are
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Preventable
adverse events

Medical errors Adverse events

Fig. 1. Concept of medical errors, adverse events and preventable adverse events.

thus called ‘preventable adverse events’. A preventable adverse event is defined
as harm resulting from error in medical management. Figure 1 conceptualizes
the terms and how they are interconnected. Patient safety is mainly concerned
with preventable adverse events.

Different classifications of error (sub)types emerged in the last years which
are not mutually exclusive. All types of errors have in common that they are un-
intentional behaviors. Contrary, violation of rules describes intentional, willful
behavior. Useful distinctions amongst errors are between slips/lapses and mis-
takes, errors at the sharp and at the blunt end, and errors of omission and com-
mission. Slips and lapses are both skill-based errors, whereas mistakes are
decision-making failures, for example, making a poor judgment. Slips and laps-
es are failures of schematic behavior and occur in familiar tasks which are con-
ducted with little attention. Common causes of slips and lapses are fatigue or
stress. In contrary, mistakes are failures in attentional behaviors requiring
thought, analysis, planning or problem solving. Mistakes are often caused by
lack of knowledge, experience or training. Typically, mistake happens when we
do something wrong believing it to be right. Historically, mistakes have received
much more attention than slips and lapses, though it is believed that the latter
are much more frequent. Slips/lapses and mistakes require quite different treat-
ments. For example, more or better education and supervision is a common and
often appropriate ‘antidote’ to mistakes, but ineffective in the prevention of
slips. Errors can occur at the sharp and at the blunt end. The former are often
called “active failures’, whereas the latter are termed ‘latent conditions’. Errors at
the sharp end describe actions committed by the person closest to the patient,
whereas organizational failures and poor process design occur at the blunt end.
Errors at the sharp end are easier to detect but are often only the last failure in
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Table 1. Important terms and examples

Term Example
Error Passing incorrect information during hand-off
Prescription of a drug to a patient with known allergy
Error subtypes Forgetting hand disinfection before touching a patient’s
Slip/lapse wound dressings
Confusion of look-alike syringes
Mistake Choosing the wrong surgical technique
Using the wrong formula to calculate a medication dose
adjustment
Error of Access not taped/bandaged appropriately after dialysis
commission Heparin ordered when contraindicated

Error of omission

Failure to provide preoperative antibiotic prophylaxis
Not ordering renal diet

Error at the blunt
end (latent
conditions)

Management decision to have the surgical count performed by
only one technician (no double check)

Equipment designed with poor display design making it hard
to identify numbers

Error at the sharp
end (active failures)

Unintentionally retained foreign objects in the body (e.g.
surgical sponge)
Error in programming an infusion pump

Adverse event

Allergic drug reaction
Postoperative infection

Preventable adverse
event

Wrong site surgery
Allergic drug reaction to a drug in a patient with known allergy

the error chain and preceded by one or more latent failures at the blunt end. Fi-

nally, errors can be classified as acts of commission and acts of omission. Errors

of commission describe ‘doing something wrong’, whereas errors of omission

involve a failure to do required actions. Acts of commission are usually easier to

recognize and thereby received much more attention, but errors of omission are

more common. Table 1 presents some examples.

Health Care as a Risk: The Magnitude of the Safety Problem

Different methodological approaches exist to assess the frequency of adverse

events or medical errors. The ‘state of the art’ methodology for assessing errors

is observation and document analysis. With observation, health care profession-
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als are ‘shadowed’ during their tasks, and any deviations from standards are re-
corded. This resource-intensive approach has been followed to estimate the fre-
quency of medication errors in particular. Chedoe et al. [2] used ethnographic
observation to detect medication preparation and administration errors on a
neonatal intensive care unit. With an incidence of 49%, these errors were quite
common. 0.3% medications contained severe and 26% moderate errors. A sim-
ilar error rate (48%) was found by Taxis and Barber [3] when they observed er-
rors in preparing and administering intravenous drugs in a German hospital.
Document analysis has typically been used to detect physicians’ prescription er-
rors in written orders.

Contrary to errors, adverse events are usually not detectable by observation.
The gold standard methodology for assessing the frequency of adverse events is
retrospective record review with at least two stages. Patients’ charts are usually
screened for potential incidents by trained nurses (stage 1) and then reviewed by
qualified expert physicians (stage 2). Physician reviewers also rate events in terms
of preventability and severity. Numerous studies in different countries have been
conducted using this approach in the last years. These studies revealed adverse
event rates of 5-15% of all acute care hospital admissions [4-8]. Approximately
50% of events were deemed preventable [5]. Based on these studies, it has been
estimated that ca. 0.1%, i.e. one out of 1,000, patients admitted to hospital will die
due to preventable adverse events [4]. Hauck and Zhao [9] modelled the risk of
adverse events based on administrative hospital episode data of more than
200,000 patients admitted to Australian hospitals. Based on these data, a hospital
stay carries a 5.5% risk of an adverse drug reaction, 17.6% risk of infection, and
3.1% risk of ulcer for an average episode. In a recent retrospective record review
analysis in 10 hospitals in North Carolina, reviewers found 25.1 harms per 100
patient admissions. Notably and despite all patient safety efforts, there was no
significant change over time in the rate of harms during the past 5 years [10].

Some countries have also established mandatory reporting systems for ‘nev-
er events’. These are serious events which are deemed as largely preventable and
every health care system should strive for zero frequency. Examples of never
events are wrong site surgery, wrong application route of chemotherapy agents,
and mistakenly left instruments after surgery. In the UK, 762 of these never
events occurred during 2009-2012 (http://www.england.nhs.uk/ourwork/pa-
tientsafety/never-events/). Such data help to monitor ‘the tip of the iceberg’ and
to establish safety measures for the prevention of severe patient harm and death.

Patients and citizens have also been surveyed about their experiences with the
safety of medical care. In the ‘Commonwealth Fund’s 2010 International Survey
of the General Public’s Views of their Health Care System’s Performance’, citi-
zens of 11 countries were asked to report about medical errors [11]. Across
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Table 2. Summary of important safety threats to ESRD patients

Wrong site access surgery (rare but serious)

Needle infiltration

Venous needle disconnections/dislodgements (rare but potentially dangerous)
Clotting in the hemodialysis circuit or lines

Medication errors, in particular omissions

Infection of access

Falls (following hemodialysis)

countries, medical error during the last 2 years was reported by 11% of patients
but with marked differences between countries. Perceived poor care coordina-
tion was the single most important risk factor for reporting errors. Similar stud-
ies have been conducted to assess the frequency of infection during or after hos-
pital stay or errors in chemotherapy treatment [12-14]. Despite the tragedy as-
sociated with all these incidents, medical errors also come at high financial cost.
In a recent study, the annual cost of measurable medical errors with patient
harm was estimated at USD 17.1 billion in 2008. Postoperative surgical infec-
tions were the most costly error and accounted for USD 3,364 million [15].

Specific Safety Threats for Patients on Hemodialysis

Though a large and increasing number of patients with ESRD undergo hemodi-
alysis and the technology is well established, only limited data are available about
the specific safety hazards associated with the treatment. As ESRD patients often
suffer serious comorbidities and have intense and fragmented health care utili-
zation with multiple providers involved and thus a high level of exposure, it is
likely that these patients are at elevated risk for medical errors. Table 2 summa-
rizes important safety threats to ESRD patients.

Like all surgical patients, patients undergoing vascular access surgery are at
risk for wrong site surgery. Wrong site surgery, i.e. wrong site, wrong patient, or
wrong-procedure surgery, is rare but is devastating and a true ‘never event’. Of
the total of 375 reports of wrong site surgery the Pennsylvania Patient Safety
Authority received during the years 2004-2010, 7 reports involved the wrong
vascular access device [16]. Five of the cases indicated confusion between sub-
cutaneous venous access ports and Hickman or Broviac intravenous catheters.
One report indicated confusion between a dialysis catheter and an intended port
and another confusion between a dialysis catheter and an intended arteriove-
nous fistula. The Authority concludes that insertion of the correct vascular ac-
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cess device from among all the potential options appears to be the most common
challenge involving insertion of devices.

There is no comprehensive study on the prevalence of adverse events or er-
rors in hemodialysis, and the available data are heterogeneous and based on dif-
ferent methodologies.

The Pennsylvania Patient Safety Authority analyzed all reports of incidents
involving hemodialysis administration submitted through the Authority’s re-
porting system during a one-year period [17]. Among 526 reports submitted,
5.5% resulted in harm to the patients. Medication errors were the most frequent
events (29% of all reports) and among them, the greatest fraction involved dose
omissions. Heparin errors were also common (3% of all events reported). Other
events reported included failure to follow protocol, procedure complications,
falls, equipment failures, and clotting. There were 32 reports of needle infiltra-
tion (blood infiltration into the surrounding tissue due to accidental piercing of
the back wall of the graft or fistula during insertion of the needle) and an equal
number of needle disconnections, together representing 12% of all hemodialysis
administration events submitted to the Authority.

Needle infiltration most commonly occurred during the needle insertion. Lee
etal. [18] reported an annual rate of major fistula infiltration leading to further
intervention of 5.2%. Venous needle dislodgement is a rare but potentially seri-
ous event in hemodialysis [19]. A survey among nephrology nurses revealed that
77% of nurses had seen at least one venous needle dislodgement in the past 5
years [20]. Every second of the participating nurses reported to be concerned
about venous needle dislodgement often or very often. The American Nephrol-
ogy Nurses Association for instance provides valuable material for education of
staff and patients about risk factors and prevention of venous needle dislodg-
ment (https://www.annanurse.org/resources/venous-needle-dislodgement).

Holley [21] conducted a study of adverse events and medical errors in four
hemodialysis units. Incident data are based on reports by the units’ clinical di-
rectors. Among nearly 65,000 dialysis treatments, 88 errors occurred (1 event/
733 treatments). Infiltration of the hemodialysis access, clotting of the dialysis
circuit and omitted medications were common problems. In a surveillance study
of dialysis patients in Gran Canaria (Spain), the incidence rate of adverse events
was 8.6/100 patient-months [22]. The rate was higher among patients with arte-
riovenous fistula (9.1/100 patient-months) compared to patients with perma-
nent catheter (2.9/100 patient-months). The preventability of the events is un-
known.

As has been outlined above, important information about safety hazards can
also be obtained from professionals (physicians and nurses) and patients (fig. 2).
Garrick et al. [23] report about the results from a survey among ESRD patients
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Check the vascular access once a day for bruit,
signs of bleeding and skin erosion.

Make sure that the vascular access
is always in plain sight
and the needles well taped

Keep me safe during dialysis!

Fig. 2. Education posters for staff and patients may help to improve patient safety.

and professionals commissioned by the US Renal Physicians Association. In this
survey study, 49% of patients reported to be worried about safety at least some-
times. 5% of patients reported falls at the dialysis center in the past 3 months.
Almost half of patients indicated that the nurses or technicians inserting the
needles for their dialysis treatments experience problems and 30% of patients
indicated that staff tried more than twice to insert needles before getting assis-
tance. Five specific threats to patient safety were identified from the survey
among nurses and physicians: setting up an incorrect dialyzing solution prior to
a dialysis session; patient falls following dialysis; medication omissions; staff fail-
ures to adhere to procedures (e.g. failure to take blood pressure), and staff non-
compliance with hand disinfection or glove usage before touching a patient’s
access site. 55% of surveyed professionals attributed errors to staft failing to ad-
here to procedures.
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Harel et al. [24] took a different yet highly important perspective in their
study. They assessed how safe chronic dialysis patients are in hospital when ad-
mitted to surgical services, e.g. after fracture. They used retrospective chart re-
view of patients receiving chronic hemodialysis and screened for safety lapses
using a set of four predefined indicators. They detected 96 lapses in 38 patients.
Failure to order an appropriate ‘renal diet’ was the most common problem, fol-
lowed by inappropriate analgesic order, inappropriate intravenous fluid admin-
istration, and inappropriate antibiotic dosing. One adverse event directly attrib-
utable to these process errors was identified (volume overload). The authors also
analyzed whether the problem was detected during hospitalization, by whom,
and how long it took to be remediated. The majority of errors were detected by
the consulting nephrology service. Inappropriate analgesia orders were only de-
tected in 27% of cases during hospitalization. It took on average 2.5 days to de-
tect that patients received the wrong diet. This study emphasizes that ESRD pa-
tients suffer risks not only associated with hemodialysis treatment, but also in
the context of other, unrelated treatments. Obviously, general surgical units are
often not sufficiently prepared to care for ESRD patients in their everyday rou-
tines.

Improving Systems - Improving Patient Safety

Recent research has demonstrated that sustainable improvements in patient

safety are achievable. Well-recognized examples are a multifaceted intervention

to reduce the incidence of catheter-related bloodstream infections and a surgical
checklist to decrease adverse events and mortality in the operating room (OR)

[25, 26]. The surgical safety checklist has proved effective in a broad range of

surgical patient populations. In addition, the Pennsylvania Patient Safety Au-

thority makes three specific recommendations for procedures involving the in-

sertion of a device to prevent confusion during vascular access surgery [16]:

(1) The specific device should be mentioned on the schedule, the consent, and
the surgeon’s preoperative evaluation of the patient. This information
should be checked for its presence and agreement with all the documents in
the preoperative verification.

(2) The specific device should be mentioned during the time-out.

(3) The specific device should be called out when delivered onto the operative
field.

Based on adverse event studies and reports, a number of specific risk reduc-
tion strategies for dialysis units have been recommended recently [17, 23]. These
include for example:
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- Independent double checks of i.v. heparin doses and infusions before dis-
pensing

- Involvement of patients in their hemodialysis care and engagement to speak
up if they note errors, observe rule violations

- Establishment of a policy to assess all hemodialysis patients for their risk of
falling

- Monitoring and evaluation of infiltration problems that occurred to deter-
mine whether adjustments to cannulation techniques are necessary

- Systematic assessment of patients’ risk for a serious venous needle dislodge-
ment incident [20]

- Instruction of patients to keep all needle and blood line connections from be-
ing covered with blankets or other items so that staff can monitor the con-
nections.

In the following chapters of this volume, experts present successful ap-
proaches and strategies to improve patient safety in vascular access patients. For
example, Davidson et al. [pp. 97-106] discuss how team training and checklists
can be used to improve safety in the OR, and Shemesh et al. [234-250] report
about the important role of the hemodialysis patient in creating and maintain-
ing safety.

From an organizational perspective, we suggest that every hemodialysis unit
sets up an inclusive, interdisciplinary ‘safety team’ to assess and monitor risks at
their specific environment. As a start of this safety team, patients and staff could
be surveyed about risks, past incidents, violations of procedures and protocols
and their perceptions of safety. Staff could be asked to report events to the hos-
pital’s critical incident reporting system. If such a system is not available, staff
could complete a report form for every incident they observed (e.g. confusions
or ‘close calls’/near misses in the OR, missed medication dose, infection, clot-
ting, fall, etc.) for a 4-week period. We also find it important that vascular access
surgeons and hemodialysis clinicians and nurses have the opportunity to discuss
their experiences of safety of care. This communication is often very restricted,
irregular, and patient safety may be considerably improved if each involved spe-
cialty knows about the others’ experiences, activities and concerns. Based on the
individual unit’s risk assessment, priorities for improvement can be set. The
safety team could also serve as a connection to other units in the hospital which
treat ESRD patients (e.g. general surgery) to ensure that safe care is provided
outside the hemodialysis unit.

The following chapters provide valuable examples of important aspects of
safe care for the vascular access patient. Many of the successful interventions
focus on the performance of individuals. However, improvements at the systems
level such as design of rooms, equipment and materials and work flow are often
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much more promising and effective, in particular in the prevention of lapses and
slips, but have much too long been ignored. For example, rather than relying on
staff education about proper hand disinfection practices, design of wards, pa-
tient rooms and devices can be designed to make failure much less likely [27, 28].
Similarly, instead of relying on the education of staff to be aware of line miscon-
nections, research is underway to design and test material that does not allow
dangerous misconnections [29]. Hopefully, such efforts will benefit the safety of

care of vascular access patients in the future.
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Abstract

Chronic kidney disease (CKD) is a major public health problem worldwide. Early detection
and treatment of CKD can often prevent or delay some of the negative outcomes of CKD.
This chapter shows how treatment of hypertension, proteinuria and metabolic disorders
slow down the deterioration of renal function. Irrespective of the mode of renal replace-
ment therapy, maintaining the veins in the upper extremities is of vital importance. Below
are suggestions on how to protect blood vessels of the upper limbs and when to start
preparing for the construction of vascular access. In this chapter, it is also shown how nec-
essary it is to conduct a clinical evaluation of the blood vessels, which is required before
the start of vascular access management. The methodology of noninvasive evaluation of
vessels by duplex sonography is also presented. This method is very useful, especially if
the vessels are not clinically visible, as well as the information concerning the morpho-
logical and functional properties of blood vessels. ©2015S. Karger AG, Basel

Recommendations to Improve Patient Safety

* For patients with chronic kidney disease (CKD), overall recommendations
are to delay progression of both kidney disease and its complications. Treat-
ment of hypertension, proteinuria, dyslipidemia, calcium-phosphate regu-
lation and anemia are the key elements.

* Patients with progressive CKD, especially when they require renal replace-
ment therapy, have to have an education program which should include



modification of lifestyle, medication management, selection of treatment
modality and instructions for vein preservation and for vascular access.

¢ Before vascular access surgery, physical and noninvasive examination by
duplex ultrasonography of vessels is mandatory.

Chronic Kidney Disease

Chronic kidney disease (CKD) is a major public health problem worldwide. Kid-
ney failure is becoming increasingly common and is associated with poor health
outcomes and high medical expenditures. CKD is kidney damage for 3 or more
months, as defined by structural or functional abnormalities of the kidney, with
or without decreased glomerular filtration rate (GFR), manifested by patholog-
ic abnormalities or markers of kidney damage, including abnormalities in the
composition of the blood or urine or abnormalities in imaging tests or GFR <60
ml/min/1.73 m? for 3 months or more, with or without kidney damage. The clas-
sification of CKD stages is shown in table 1 [1].

Decreased kidney function is associated with complications of all organ sys-
tems. The major outcomes of CKD, regardless of the specific diagnosis (i.e. type
of kidney disease), include progression to kidney failure, complications from
decreased kidney function, and development of cardiovascular disease. In-
creasing evidence shows that early detection and treatment often can prevent
or delay some of these adverse outcomes. Referral to a nephrologist depends on
practice patterns, which are not uniform across health care system or geograph-
ic regions, even within countries. Most cases of nonprogressive CKD can be
managed without referral to the nephrologist. One indication that is common
to most guidelines is patients with severely decreased GFR (estimated GFR,
eGFR, <30 ml/min/1.73 m?). There are fewer consensuses about referral for pa-
tients with higher eGFR. Nephrologists can assist primary care physicians and
other specialists in the diagnosis and care of patients at all stages of CKD. This
includes determination of the cause of CKD, recommendations for specific
therapy, suggestions for treatments to slow progression in patients who have
not responded to conventional therapies, identification and treatment for kid-
ney disease-related complications and preparation for renal replacement ther-
apy [2].

Patients with CKD should be evaluated to determine the following:
o Specific diagnosis (type of kidney disease)

o Comorbid conditions

« Disease severity (assessed by the level of kidney function)

o Complications (related to the level of kidney function)
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Table 1. Classification of CKD stages

Stage Description GFR, ml/min/1.73 m?
1 Kidney damage with normal or increased GFR >90

2 Kidney damage with mildly decreased GFR 60-89

3 Moderately decreased GFR 30-59

4 Severely decreased GFR 15-29

5 Kidney failure <15 (or dialysis)

« Risk for loss of kidney function
« Risk for development of cardiovascular disease
Treatment of patients with CKD includes the following:
o Therapy based on the specific diagnosis
« Evaluation and management of co morbid conditions
» Measures to:
- slow loss of kidney function
- prevent and treat cardiovascular disease
- prevent and treat complications of decreased kidney function
o Preparation for kidney failure and kidney replacement therapy
o Replacement of kidney function by dialysis or transplantation if signs and
symptoms of uremia are present

Medical Management of Patients with CKD

Progression of CKD toward end-stage renal disease (ESRD) is common in CKD
patients, and once significant impairment of renal function has occurred, it
tends to progress irrespective of the underlying kidney disorder. There is clear
evidence from clinical studies that hypertension and proteinuria are key players
in the pathophysiology of CKD progression in humans.

Hypertension is an independent risk factor for renal failure progression. Ag-
gressive blood pressure reduction has always been shown to protect the kidney
from further damage. The use of antihypertensive agents with antiproteinuric
properties is also important but does not supersede the need to reach goal blood
pressure. Antagonists of the renin-angiotensin system, such as ACE inhibitors
and, more recently, angiotensin II type I receptor blockers have become phar-
macotherapeutics of first choice. They significantly reduce blood pressure as
well as urinary protein excretion and have an excellent safety profile. In adults
with diabetic or nondiabetic kidney disease, several randomized trials demon-
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strate a more effective reduction of proteinuria, usually by 30-40%, by ACE in-
hibitors compared with placebo and/or other antihypertensive agents. Because
hypertension is a multifactorial disorder, monotherapy is often not effective in
lowering blood pressure or reducing proteinuria to the target range. Target
blood pressure should be <130/80 or <125/75 mm Hg at more than 1 g/day/
1.73 m? of proteinuria. It is generally recommended to administer these drugs,
after confirming tolerability in a short run-in period, at their highest approved
doses [4, 5].

Proteinuria is also a powerful independent risk factor for ESRD and overall
mortality and is certainly predictive of the renal prognosis in adults with dia-
betic and nondiabetic kidney disorders. Reduction of proteinuria is associated
with a slowing of GER loss in the long term. Protein restriction may slow the
progression of CKD, although the optimal level of protein intake has not been
determined. The goal of any antiproteinuric treatment is to reduce proteinuria
as much as possible, ideally to <300 mg/m?/day. Renin-angiotensin system an-
tagonists preserve kidney function, not only by lowering blood pressure but also
through antiproteinuric and antifibrotic properties [6].

A wide range of disorders may develop as a consequence of the loss of renal
function. These include disorders of fluid and electrolyte balance, such as vol-
ume overload, hyperkalemia, metabolic acidosis, and hyperphosphatemia, as
well as abnormalities related to hormonal or systemic dysfunction, such as an-
orexia, nausea, vomiting, fatigue, hypertension, anemia, malnutrition, hyperlip-
idemia, and bone disease.

Dyslipidemia is common in patients with renal disease. Lipid-lowering med-
ical treatment is commonly prescribed in adults with CKD based on the evident
benefit of this approach for primary and secondary prevention of cardiovascular
disease in the general adult population. Statin therapy is effective in reducing
cardiovascular morbidity and mortality in adults with moderate to severe CKD
although not in patients with ESRD. With respect to renoprotection, experimen-
tal evidence suggests that statins may retard renal disease progression not only
by their lipid-lowering but also by lipid-independent pleiotropic effects [7].

There is an increasing tendency to retain hydrogen ions among patients with
CKD. This can lead to a progressive metabolic acidosis with the serum bicarbon-
ate concentration tending to stabilize between 12 and 20 mEq/l. Metabolic aci-
dosis may be treated with bicarbonate supplementation. Bicarbonate supple-
mentation requires careful monitoring of volume status because bicarbonate is
administered with sodium [8].

Disorders of the calcium-phosphate metabolism are additional risk factors
for renal disease progression. Several factors related to disturbed calcium-phos-
phorus metabolism, such as hyperphosphatemia, hyperparathyroidism, lack of
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active vitamin D, and possibly the phosphaturic hormone FGF23, may be con-
sidered to be — at least to a minor extent — involved in the progression of renal
dysfunction. Dietary phosphate restriction, oral phosphate binders, vitamin D
analogues, calcium supplementation and/or calcimimetics may limit the devel-
opment of secondary hyperparathyroidism in patients with CKD [9].

Anemia is also an independent risk factor for progression of chronic renal
failure. The anemia of CKD is, in most patients, normocytic and normochromic,
and is due primarily to reduced production of erythropoietin (EPO) by the kid-
ney (a presumed reflection of the reduction in functioning renal mass), low iron
stores and shortened red cell survival. In 40%, it could be corrected by iron re-
placement. Early initiation of EPO therapy in patients with CKD and mild to
moderate anemia significantly slowed down the progression of renal disease and
delayed the need for renal replacement therapy. The target level of hemoglobin
is 110 g/1[10].

Identifying Patients with CKD for Replacement Therapy and Vein
Preservation

It is important to identify patients who may eventually require renal replace-
ment therapy since adequate preparation can decrease morbidity and perhaps
mortality. Early identification enables dialysis to be initiated at the optimal time
with a functioning chronic access. The placement and adequate maturation of
arteriovenous fistula (AVF) before the initiation of hemodialysis therapy re-
quires timely patient education and counselling, selection of the preferred renal
replacement modality, selection of an access type and location, and creation of
the access at least several weeks to months in advance of its expected need. An
early constructed AV fistula could also have a beneficial effect on the rapidity of
worsening kidney failure. Reasons for this could be increased heart preload and
consequently increased afterload or decreased peripheral resistance with in-
creased renal perfusion. A simpler reason could be that patients after AV fistula
construction become aware that situation is serious and they start to follow the
therapy more accurately [11].

In patients with CKD, preservation of the integrity of peripheral and central
veins is of vital importance for future hemodialysis access. Avoid i.v. infusion or
vein puncture in the forearm and upper arm veins at both arms whenever pos-
sible. Insertion of venous access devices carries the risk to injure the veins and
thereby incite phlebitis, sclerosis, stenosis or thrombosis and has to be avoided.
Whenever a central venous catheter is needed, catheterization of the internal
jugular or femoral vein is always preferred. Use of subclavian vein should be
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Fig. 1. Different types of bracelets prevent the use of the best veins by health care profes-
sionals.

avoided because of frequent central vein stenosis later. An approach should be
adopted in which education and vein protection begins in stage 3 CKD and plan-
ning for dialysis access takes place in stage 4 CKD. Besides other measures, use
of the ‘save the vein’ bracelet or similar could be very helpful (fig. 1). The pa-
tient’s vessels should be examined early in the course of chronic renal failure and
indicated to the patient so that he/she can prevent use of the best veins by health
care professionals. The critical issue of vein preservation is not resolved once
hemodialysis patients have a functional vascular access. Any hemodialysis vas-
cular access is at risk of failure, and therefore protecting veins for future fistula
creation remains an important part of the dialysis patient’s health care. The same
applies to ESRD patients with alternative forms of renal replacement therapy,
including peritoneal dialysis or renal transplantation [12-14].

Evaluation of the Patient before Surgery for Vascular Access Construction

Careful clinical evaluation is mandatory before starting management of vascular
access. Medical history and concomitant diseases have a strong impact on the
choice of possible access site. One of the most important predictors of successful
AVF development is the ability of the arterial and venous vessels to dilate under
the influence of increased shear stress-vessel remodeling. The preoperative
physical examination of the patients’ forearm venous and arterial vessels in-
cludes inspection of the vein with a tourniquet in order to induce venous con-
gestion, and of the quality of the arterial pulse including an Allen test. In heav-
ily calcified arteries, the creation of an AVF is dangerous because there will be
no adaptive flow-mediated dilatation. In complex cases, particularly in patients
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concomitant diseases: | |

-Age Veins Arteries
- Gender | |
- Hypertension Tourniquet placed:
- Diabetes ~Visibility - Quality of arterial
- Cardiac diseases - Continuity pulse
- Peripheral artery diseases - Distension - Blood pressure at both
-Side branches arms
- Arm or thoracic - Allen test
collaterals
|/ Duplex ultrasound —‘
Veins:
- Internal diameter (>2-2.5 mm) Arteries:
- Internal diameter with inflated cuff — increasing - Internal diameter (>2-2.5 mm)
for 20.4 mm or >15% (distensibility; figure 3) - Calcification (severe-move towards upper
- Depth of vein <6 mm part of forearm)
- Quality of vein wall — no fibrotic changes - Doppler flow velocity (= 25 cm/s)
- No side branches or ligation during surgery - Resistance index at reactive hyperemia —
- Changing of Doppler waveform during respiration — <0.7 or change of HRF to LRF (figure 5)

increasing during inspiration (figure 4)

Fig. 2. Approach to the patient with CKD in need of a vascular access. HRF = High-resis-
tance flow; LRF = low-resistance flow.

with a history of previous failed fistulae, prior vein cannulation, or in obese pa-
tients vein mapping using duplex ultrasonography, is a good and valuable tool.
Also, in patients who previously had chronic cannulations of the subclavian or
jugular veins, the central veins should be evaluated by duplex ultrasonography
or phlebography to exclude any underlying stenosis or occlusion. It is suggested
that duplex imaging should be used routinely to evaluate all patients prior to the
creation of an AVF because there is a good correlation between the preoperative
determination and perioperative findings (fig. 2) [15-17]. Routine preoperative
sonographic vein mapping results in an increase in patients with suitable veins.
Many patients were found to have large-caliber veins that were simply too deep
to be visualized. The predictive value of the vein diameter for successful AVF is
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BD cuff with 40-60 mm Hg
for 2 minutes

Fig. 3. Evaluation of vein distensibility. a Step 1: measurement of the inner vein diameter
(IVD) without pressure (A). b Step 2: measurement of the IVD after 2 min of mild cuff pres-
sure (B). Increase in IVD (%) = (B x 100/A) - 100.

Sweesp=25mm,

Imveried

Inspiration

Fig. 4. Normal Doppler vein flow during respiration.
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still to be established. Vein diameters <1.6 mm have been associated with AVF
failure, while good patency rates were obtained in patients with AVF that were
created on the basis of a selection of veins: diameter of cephalic vein at the wrist
>2-2.5 mm or upper arm veins >3 mm. After AVF construction, the ‘fistula
vein’ under the influence of increased blood flow and intravenous pressure is
dilated. This ability of the vein could be determined before surgery by measuring
the increase in the vein’s inner diameter (IVD) after proximal vein compression.
A blood pressure cuff should be placed around the upper arm as proximally as
possible and inflated at 40-60 mm Hg for at least 2 min (fig. 3) [16, 18]. Based
on this increase, it is possible to anticipate the increase in vein diameter at dif-
ferent intervals after construction and predict the time of AV fistula maturation.
To determine if there is any disturbance in venous outflow, the continuity of the
shape of the Doppler vein signal (DVS) and respiratory filling is used. At deep
breath, the venous flow is increased because of low resistance to venous flow. If
there is venous outflow disturbance (stenosis), DVS is not changed (fig. 4). Pre-
operative internal diameter of the feeding artery (IDA) is crucial for successful
AVF construction. Most of the literature data suggest an IDA of 2.0-2.5 mm.
Increased artery intima media thickness (IMT) is known to be a risk factor of
early AVF failure. High-resolution ultrasonography is a simple and effective tool
in measuring artery IMT. Besides morphological evaluation, the functional
characteristics of the arteries could be evaluated by duplex ultrasonography, too.
The feeding arteries dilate during access maturation. Consequently, it is obvious
that not only the initial diameter, but also arterial compliance, affects access out-
come.

The distensibility of the arterial wall can be assessed preoperatively by eval-
uating the Doppler waveform in the artery during reactive hyperemia (RH),
induced by reopening a fist that was clenched for 2 min. The high-resistance
triphasic Doppler ultrasound signal with clenched fist (regular signal of pe-
ripheral arteries) changes to a low-resistance biphasic waveform after releasing
the fist, and the resistance index (RI) at RH can be calculated using the for-
mula: (peak systolic velocity - peak diastolic velocity)/peak systolic velocity
(fig. 5). The RI of <0.7 or even changing of high-resistance flow to low-resis-
tance flow in the potential feeding artery after opening of the fist indicates that
arterial blood flow will increase sufficiently, so that the chance of successful
creation of an AV fistula exists. This maneuver is especially helpful in planning
the location of the initial operation, i.e. selecting the wrist/forearm or elbow
region. The preoperative duplex ultrasonography criteria for good outcome
after AVF creation are: arterial luminal diameter >2.0 mm, venous luminal
diameter (without use of tourniquet) >2.0 mm, and arterial RI <0.7 at RH [16,
17, 19].
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Fig. 5. Distensibility as a functional quality of the artery: changing of the arterial Doppler
waveform at RH after opening of the fist clenched for 2 min.

Disclosure Statement

The author has no conflict of interest to declare.

References

1 K/DOQI clinical practice guidelines for
chronic kidney disease: evaluation, classifica-
tion, and stratification. Am J Kidney Dis

4 Rakugi H, Ogihara T, Umemoto S, et al:
Combination therapy for hypertension in
patients with CKD: a subanalysis of the com-

2002;39(suppl 1):51-5266.

Bayliss EA, Bhardwaja B, Ross C, Beck A, La-
nese DM: Multidisciplinary team care may
slow the rate of decline in renal function. Clin
J Am Soc Nephrol 2011;6:704-710.

Levin A, Hemmelgarn B, Culleton B, et al:
Guidelines for management of chronic kid-
ney disease. CMA]J 2008;179:1154-1162.

bination therapy of hypertension to prevent
cardiovascular events trial. Hypertens Res
2013;36:947-958.

Agarwal R, Andersen MJ: Prognostic impor-
tance of ambulatory blood pressure record-
ings in patients with chronic kidney disease.
Kidney Int 2006;69:1175-1180.

22 Malovrh

Widmer MK, Malik J (eds): Patient Safety in Dialysis Access.
Contrib Nephrol. Basel, Karger, 2015, vol 184, pp 13-23 (DOI: 10.1159/000365498)



6

10

11

12

13

Stevens PE, Levin A; Kidney Disease: Im-
proving Global Outcomes Chronic Kidney
Disease Guideline Development Work Group
Members: Evaluation and management of
chronic kidney disease: synopsis of the kid-
ney disease: improving global outcomes 2012
clinical practice guideline. Ann Intern Med
2013;158:825-830.

Kwan BC, Kronenberg F, Beddhu S, et al: Li-
poprotein metabolism and lipid management
in chronic kidney disease. ] Am Soc Nephrol
2007;18:1246-1261.

Kraut JA, Kurtz I: Metabolic acidosis of CKD:
diagnosis, clinical characteristics, and treat-
ment. Am J Kidney Dis 2005;45:978-993.
KDIGO clinical practice guidelines for the
diagnosis, evaluation, prevention, and treat-
ment of chronic kidney disease-mineral and
bone disorder (CKD-MBD). Kidney Int 2009;
76(suppl 113):51-S130.

Kazmi WH, Kausz AT, Khan S, et al: Anemia:
an early complication of chronic renal insuf-
ficiency. Am ] Kidney Dis 2001;38:803-812.
Jeong JU, Kim HK, Cho YP, Kwon TW, Kom
SB: Arteriovenous access creation defer
chronic hemodialysis initiation. Clin Nephrol
2011;75:113-119.

Malovrh M: Approach to patients with end-
stage renal disease in need of arteriovenous
fistula. Nephrol Dial Transplant 2003;18
(suppl 5):v50-v52.

Premru V: Preservation of veins in predialy-
sis patients and early referral. Blood Purif
2002;20:2.

Marko Malovrh, MD, PhD

Department of Nephrology

University Medical Center Ljubljana
Zaloska 7, SL-1525 Ljubljana (Slovenia)
E-Mail marko.malovrh@gmail.com

Patients with CKD: Safety Aspects in the Preoperative Management

Widmer MK, Malik J (eds): Patient Safety in Dialysis Access.

14

15

16

17

18

19

Hoggard J, Saad T, Schon D, et al: Guidelines
for venous access in patients with chronic
kidney disease. A Position Statement from
the American Society of Diagnostic and In-
terventional Nephrology, Clinical Practice
Committee and the Association for Vascular
Access. Semin Dial 2008;21:186-191.

Ferring M, Claridge M, Smith SA, Wilmink
T: Routine preoperative vascular ultrasound
improves patency and use of arteriovenous
fistulas for hemodialysis: a randomized trial.
Clin ] Am Soc Nephrol 2010;5:2236-2244.
Malovrh M: Native arteriovenous fistula: pre-
operative evaluation. Am J Kidney Dis 2002;
39:1218-1225.

Malovrh M: Non-invasive evaluation of ves-
sels by duplex sonography prior to construc-
tion of arteriovenous fistulas for haemodialy-
sis. Nephrol Dial Transplant 1998;13:
125-129.

Jemcov TK: Morphologic and functional ves-
sels characteristics assessed by ultrasonogra-
phy for prediction of radiocephalic fistula
maturation. ] Vasc Access 2013;14:356-363.
Ferring M, Henderson J, Wilmink T, Smith S:
Vascular ultrasound for the pre-operative
evaluation prior to arteriovenous fistula for-
mation for haemodialysis: review of the evi-
dence. Nephrol Dial Transplant 2008;23:
1809-1815.

23

Contrib Nephrol. Basel, Karger, 2015, vol 184, pp 13-23 (DOI: 10.1159/000365498)



Preventive Treatment Strategies

Widmer MK, Malik J (eds): Patient Safety in Dialysis Access.
Contrib Nephrol. Basel, Karger, 2015, vol 184, pp 24-50
DOI: 10.1159/000365821

What Every Doctor Should Know about
Drug Safety in Patients with Chronic
Kidney Disease

Maria Paparella® - Valentina Martina® -
Maria Antonietta RizzoP - Maurizio Gallieni® ¢

2Nephrology and Dialysis Unit, Ospedale San Carlo Borromeo, ® Graduate School of Nephrology, and
¢Department of Biomedical and Clinical Sciences ‘L. Sacco’ (DIBIC), University of Milan, Milan, Italy

Abstract

Drug safety is a very relevantissue when dealing with patients with chronic kidney disease
(CKD) who need vascular access procedures and interventions. Drug dosage adjustments
are needed for patients with acute or chronic kidney disease. In CKD patients, the esti-
mated glomerular filtration rate is used to guide dose adjustments. Determining the influ-
ence of renal replacement therapies on drug dosage adjustment is also very important.
Safety issues for the following drugs used for situations related to vascular access are re-
ported: anticoagulants and antiplatelet agents, antibiotics, antimicrobials for catheter
lock therapy, thrombolytics, local anesthetics, and painkillers. General principles of the
interactions of drugs in CKD are also reported. ©2015 S. Karger AG, Basel

Recommendations to Improve Patient Safety

¢ The assessment of kidney function with estimated glomerular filtration rate
(eGFR) using CKD-Epidemiology Collaboration (CKD-EPI) and Modifica-
tion of Diet in Renal Disease (MDRD) formulas is key for correct and safe
drug prescribing.

* Dosing adjustments are generally required when eGFR is below 60 ml/
min/1.73 m?.

* When choosing drugs for use in chronic kidney disease (CKD) patients,
consider pharmacokinetics (PK) and pharmacodynamics (PD) characteris-
tics for the best efficacy/safety profile.



* Drug interactions in CKD patients are more frequent for the large number
of prescribed drugs and for the altered PK.

¢ Avoid (or use with extreme caution) drugs that have not been proved effec-
tive and safe in CKD.

Background

Introduction to the Use of Drugs in Chronic Kidney Disease Patients:
Assessment of Kidney Function

Dialysis access procedures, from central venous catheter insertion to arteriove-
nous fistula and grafts placement, are performed in patients with different de-
grees of renal insufficiency, including patients with acute kidney injury (AKI)
and chronic kidney disease (CKD) in different stages. AKI and CKD can change
the pharmacokinetics (PK) and the pharmacodynamics (PD) of many drugs [1].
Moreover, drug removal by intermittent and continuous renal replacement
therapies determines the need for evaluating drug transport across biological
(the peritoneum) and artificial membranes. Identifying drugs for which indi-
vidualization of the treatment regimen will be necessary and consequently ad-
justing drug dosage regimens is important to avoid overdosage and toxicity of
the drugs and/or their metabolites in renally impaired patients. Therefore, prior
to treating patients with CKD, one must define kidney function (fig. 1).

Which Is the Most Accurate and Reliable Index to Assess Kidney Function
for Drug Dosing, Thus Improving Drug Safety?

Determination of GFR based on the administration of exogenous substances is not
practical for routine individual drug dose calculations. Therefore, urinary clear-
ance of inulin (the gold standard) is rarely performed except for research purpos-
es. Moreover, determination of GFR using an endogenous substance (creatinine),
based on the urinary clearance of creatinine derived from a 24-hour urine collec-
tion is of limited clinical value because of frequent urine collection errors and
analytical interferences with the serum or urine creatinine assays as the result of
concomitant diseases and drug therapies. Therefore, estimated glomerular filtra-
tion rate (eGFR) obtained in clinical practice from the measurement of endoge-
nous substances such as serum creatinine (Scr) and then combined with patient
factors is the most commonly used measure to define kidney function [2]. eGFR
can be measured in several different ways (table 1). However, in those clinical
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Prior to treating renally
impaired patients, one must
define kidney function

« Assess dosage regimen
based on PK characteristics

Define eGFR of the drug, the patient's
using estimating volume status and eGFR
equations .
O » Monitor parameters of drug

Assess CLcr or GFR for
the patient based on age,
Assess relevant body size, ethnicity, and
demographic and concomitant disease
clinical information,
including history of
renal disease

response and toxicity

» Monitor drug levels if
available and adjust regimen
based on drug response or
change in patient status
(including renal function)

Fig. 1. Clinical algorithm for drug prescribing in CKD patients. CLcr = Urinary clearance of
creatinine.

Table 1. List of the most common formulas for eGFR used for guiding drug dosage adjust-
ment (see www.mdrd.com)

Cockcroft and Gault [6]
MDRD-four variables [4] (Modification of Diet in Renal Disease)
CKD-EPI [3, 5] (Chronic Kidney Disease-Epidemiology Collaboration)

situations and for those drugs with a narrow therapeutic index for which dosing
individualization is required, where any creatinine-based estimation equation is
not likely to provide a good estimate of GFR, measured creatinine clearance or
measured GFR using exogenous markers should be considered.

Which eGFR Equation Should Be Used for Assessment GER as the Guide to
Drug Dosage Regimens?

Several considerations regarding methods to estimate eGFR may guide us to
choose the best option:
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« Estimating equations are more accurate than measured creatinine clearance,
given the errors in urine collection [3].

o Variability in Scr assays is a major source of bias, leading to differences in
reported Scr values among laboratories as well as within laboratories over
time. Use of isotope dilution mass spectroscopy (IDMS), a method to stan-
dardize creatinine assays, leads to less variation in eGFR and theoretically
more consistent drug dosing recommendations across institutions and clini-
cal settings. The MDRD Study [4] and CKD-Epidemiology Collaboration
(CKD-EPI) [3, 5] equations should be preferentially used with IDMS-stan-
dardized creatinine.

o Keep in mind that in addition to the effect of GFR, Scr may be influenced by
differences in muscle mass, diet and tubular secretion. Estimating equations
capture the average differences in the rate of creatinine generation due to age,
sex, race, and weight, but they do not capture all factors. Therefore, some in-
dividuals will have substantially different values of Scr than expected and
eGFR will be higher or lower than the true GFR.

o In the past, before the availability of standardized approaches, variations of
the Scr assays affected PK/PD drug studies. This may still determine diffi-
culties in interpretation of product label drug dosing recommendations.
However, it is not conceivable repeating all of the PK studies with standard-
ized creatinine: considering that the MDRD equation has a similar perfor-
mance at lower levels of GFR, where drug dose adjustment is frequent, it is
still reasonable to use drug dosing adjustments suggested in the product
labeling.

o The Cockcroft and Gault (CG) equation [6] has been shown to overestimate
GFR with the use of standardized creatinine assays. The CG equation is re-
ported in units not adjusted for body surface area (BSA), which is appropriate
for drug dosage adjustment. However, it is worth noting that the CG equation
considers the body weight in the mathematical approach.

o The Modification of Diet in Renal Disease (MDRD) equation was developed
from an extensive sample of patients with known CKD, all of whom had a
measured GFR <90 ml/min/1.73 m? [4]. This equation is now widely report-
ed by clinical laboratories around the world whenever Scr is measured. Since
the MDRD equation overestimates measured GFR in subjects with values
>60 ml/min/1.73 m? values are only reported for GFR <60 ml/min/1.73 m?
[3]. Use of IDMS-traceable creatinine values in the IDMS-MDRD Study
equation results in a more accurate eGFR.

o The CKD-EPI equation, derived from studies including people with and
without CKD, is more accurate than the MDRD equation, particularly at
higher levels of GFR [5, 7].
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o Formulas for eGFR are not accurate in individuals with extremes of body size
or muscle mass, including the frail, elderly, critically ill, and subjects with un-
usual dietary habits. Kidney function is proportional to kidney size, which is
proportional to BSA. BSA of 1.73 m? is the normal mean value for young
adults. The eGFR ml/min/1.73 m? adjusted for BSA is necessary in patients
whose body size is markedly different than average. If using eGFR in very
large or very small patients, multiply the eGFR ml/min/1.73 m? by the BSA
in order to obtain adjusted eGFR in units of ml/min.

In summary, it is very important to assess the GFR based on Scr levels. All the

formulas considered in this chapter may give an acceptable estimate of GFR. The

CKD-EPI equation appears to be preferable.

Drug Safety
Antimicrobial Drugs

Many antimicrobial agents are eliminated by the kidneys, and they require dos-
ing adjustments in patients with CKD; however, several commonly used drugs
do not require adjustments. Antibiotics should be used at the correct dose (see
the section Drug Dosing in Patients with Renal Failure) to avoid undertreatment
or, more commonly, drug toxicity.

Infectious complications are relevant causes of morbidity and mortality in
hemodialysis patients [8, 9]. Of particular concern, vascular access has emerged
as a major risk factor for infection and bacteremia [10]. Furthermore, the major-
ity of these bacteremias are caused by staphylococci, associated with high rates
of mortality (8-25%), recurrence (14.5-44%), and serious metastatic complica-
tions (14.5-44%) [11, 12]. When the source of fever is suspected to be vascular
access (catheter or graft) related, antimicrobial therapy must reliably cover
Gram-positive species (including methicillin-sensitive Staphylococcus aureus)
since these organisms account for about two thirds of HD access-related bacte-
remias. Enterococci and Gram-negative organisms account for the majority of
the remaining bacteremias, and antimicrobial therapy should target these or-
ganisms as well [12]. It has become common practice to treat the febrile HD
patient empirically with a combination of parenteral vancomycin plus gentamy-
cin or vancomycin plus a third generation cephalosporin [12]. With the emer-
gence of vancomycin-resistant enterococci, the empiric use of vancomycin in
the febrile patient on HD has been challenged: CDC published guidelines for the
prudent use of vancomycin in an attempt to prevent the spread of vancomycin
resistance [13]. In accordance with these guidelines, empiric treatment with
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vancomycin is appropriate in patients with 3-lactam allergy or when serious in-
fections with p-lactam-resistant Gram-positive bacteria are likely [12]. Continu-
ing treatment, however, depends on culture results.

The appropriate management of catheter-related infections has become a
major challenge for physicians, and the initial empiric antibiotic therapy should
take into consideration the frequency of the bacterial isolates in such settings.
Staphylococcal species are the most prevalent (60-100%) bacterial isolates in
HD patients with catheter-related bacteremia [14, 15]; in some patients, both
Gram-positive and Gram-negative organisms have been isolated from the
bloodstream, indicating mixed bacteremia [16, 17]. These data mandate that
empiric antibiotic therapy should target both Gram-positive and Gram-negative
organisms.

For infections with documented sensitivity to cefazolin in anuric HD pa-
tients, intravenous postdialysis dosing of cefazolin is both safe and effective.
Moreover, empiric treatment of non-life-threatening infections with cefazolin
alone or in combination with gentamicin may be appropriate in HD patients
pending culture results [18, 19].

Exit site infections are common and are recognized by redness, exudation
and crusting. Topical agents applied to catheter exit site, such as povidone io-
dine, mupirocin, bacitracin zinc and polymixin B sulphate ointments have been
proven effective [20, 21]. Oral rifampin or nasal mupirocin ointment reduced
the incidence of S. aureus bacteremia [22].

Patient safety issues regarding the use of antibiotics are largely debated [23].
The WHO suggests that prescribing antibiotics without regard for the patient’s
underlying condition and whether antibiotics will help the patient, or adminis-
tering multiple drugs without attention to the potential for adverse drug reac-
tions, all have the potential for harm and patient injury. When considering CKD
patients with end-stage renal disease, it should be kept in mind that if we want to
avoid safety issues, use of the right antibiotic at the right dose is the ultimate goal.

Catheter Lock Therapy

Catheter-related bacteremia is the most relevant CVC-related complication,
which can lead to catheter removal because bacteria colonize the catheter and
may be difficult to eradicate.

Antibiotic-lock therapy (ALT) is used in addition to systemic treatment for
CVC-related infections. After filling both catheter lumens with a mix of antibi-
otic and anticoagulant at the end of dialysis (catheter locking), antibiotic con-
centrations inside the catheter reach very high levels, much higher than the con-
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centration reached during conventional treatment. The catheter lock can re-
main in place for many hours when the catheter is not in use, and it may limit
biofilm formation. ALT is particularly important in central venous catheter-
related infection of intraluminal origin, especially in patients with coagulase-
negative staphylococci infections.

Published guidelines on the management of catheter-related infections are
in favor of the use of ALT for the treatment of catheter-related infections [24].
The in vitro stability of antibiotic-heparin combinations in CVCs was studied
by Vercaigne et al. [25]. While ciprofloxacin produced immediate precipita-
tion with heparin, cefazolin, vancomycin and ceftazidime at 10 mg/ml and
gentamycin at 5 mg/ml were successfully incubated with heparin (5,000 U/ml)
for 72 h in the central venous catheter lumen. Although free antibiotic in CVC
solution was reduced, the final concentration was still sufficient for an effective
antibiotic-heparin lock [25]. Good evidence is available to support ALT in the
prevention of catheter-related bacteremia in patients on hemodialysis [26, 27].
However, others have reported that the use of ALT may be limited due to an-
tibiotic toxicity and the appearance of antibiotic-resistant microbial isolates
(28, 29].

Sodium citrate locks are effective for prophylaxis against catheter-related infec-
tions [30], although increased rates of catheter thrombosis have been reported [31].

Catheter-related bloodstream infections are reduced by interdialytic locking
with taurolidine, a nontoxic antimicrobial agent. Although the use of a formula-
tion of 1.35% taurolidine in 4% citrate, compared to 5,000 U/ml heparin, was
associated with a greater need for thrombolysis to maintain catheter patency
[32], the addition of 500 U/ml heparin to taurolidine-citrate solution avoided
the need for thrombolysis without increasing bacteremia, with catheter patency
comparable to heparin 5,000 U/ml [33]. A taurolidine-citrate (4%)-urokinase
(25,000 U) lock solution is now available.

Locking of catheters with ethanol is a promising technique: the agent is bac-
tericidal, has low toxicity, is unlikely to produce resistant organisms, is able to
disinfect organisms in biofilms and is cheap; ethanol is bactericidal by protein
denaturation and is active against a wide variety of organism including Gram-
positive bacteria, Gram-negative bacteria and fungi. A study has been designed
comparing ethanol lock (70%) once a week versus standard heparin lock [34],
but it recruited a limited number of patients and could not demonstrate a ben-
efit of ethanol [35].

In patients with vascular access, the probability of dialysis access-related in-
fection is considerably less for patients with native arteriovenous fistulae than
for those with synthetic grafts [36]. Postoperative wound infection as well as
poor aseptic technique at dialysis may cause infection of the fistula; silent infec-

30 Paparella - Martina - Rizzo - Gallieni

Widmer MK, Malik J (eds): Patient Safety in Dialysis Access.
Contrib Nephrol. Basel, Karger, 2015, vol 184, pp 24-50 (DOI: 10.1159/000365821)



tion in old nonfunctional clotted prosthetic arteriovenous grafts has been rec-
ognized as a frequent cause of bacteremia and morbidity among HD patients
[12]. Patient safety, with the aim of avoiding infectious complications, should
always be considered, even in the absence of a catheter.

Thrombolytics

Catheter thrombosis is another relevant problem for patients dialyzed with a
CVC, leading to the use of thrombolytic therapy. Urokinase is used in Europe,
and recombinant tissue plasminogen activator in the US for prevention and
treatment of thrombosis.

Locking of the catheter with urokinase (5,000 IU instilled to each lumen for
30 min) may be used to open occluded CVCs [37], but in some patients is inef-
fective and is suggested in those patients who have contraindications to system-
ic urokinase. High-dose intradialytic urokinase (250,000 IU infused into the
venous chamber over 3 h) is safe and effective in almost all instances of nonpo-
sitional malfunction of hemodialysis catheters without signs of sepsis; contrain-
dications to high-dose systemic urokinase are rare in stable hemodialysis outpa-
tients [38]. However, it is not indicated in patients with recent trauma or sur-
gery.

The recombinant tissue plasminogen activator alteplase has recently been
shown to be an effective alternative for restoring line patency [39]. In addition,
a recent randomized trial demonstrated that the use of alteplase instead of hep-
arin once weekly, as compared with the use of heparin three times a week, as a
locking solution for central venous catheters significantly reduced the incidence
of catheter malfunction and bacteremia [40]. It is also significantly more expen-
sive than heparin and urokinase, but it can reduce the costs of unblocking or
replacing clotted CVCs [41].

Analgesics

In CKD patients, analgesic drugs are difficult to handle, and pain is often under-
treated as renal failure modifies the PK and PD of analgesics. In addition, most
analgesics and their active metabolites are distributed in different tissues and
their distribution volume is frequently altered in renal failure. Therefore, it is
possible to observe side effects even at low doses of analgesics. In addition, many
patients with CKD follow complex polypharmacy therapies for which there is a
high risk of drug interactions.
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Unbearable No
distress distress

Fig. 2. Example of a VAS, where 0 is no pain and 10 is agonizing pain. Pain is a subjective
sensation, and patients can adequately express the level of pain they are feeling and the
level of pain they consider acceptable using the VAS.

Before starting treatment of pain, it is always necessary to understand its
cause. In the general population, different drugs are available for the treatment
of acute and chronic pain: peripherally acting analgesics (paracetamol and non-
steroidal anti-inflammatory drugs, NSAIDs), centrally acting analgesics (opi-
oids), clonidine, adjuvants (anticonvulsants, antidepressants, ketamine), pe-
ripheral neuronal blocking. NSAIDs are known for their renal toxicity and they
should be avoided in renal failure. In addition, local anesthetics are generally
used for control of surgery-related acute pain prevention and treatment.

Somatic pain responds well to NSAIDs and narcotics. Visceral pain, deep and
poorly localized, caused by irritation of the serous or distension or ischemic tis-
sue (for example pain associated with nephrolithiasis or pancreatitis) responds
better to narcotics. In some cases, however, the narcotics themselves can exac-
erbate the problem (for example in case of bile duct obstruction). Neuropathic
pain is characterized by excruciating burning pain, and is frequently associated
with hypersensitivity. It may be more responsive to anticonvulsants and antide-
pressants than to opioids.

The knowledge of formulations, PK, potency and duration of analgesics is
required for optimal analgesic therapy practice.

For a good treatment plan, one must first establish visual-analogue scale pain
intensity (fig. 2), which is broadly classified as follows: mild pain (visual ana-
logue scale, VAS, 1-4), moderate pain (VAS 5-6), and severe pain (VAS 7-10).

Barakzoy and Moss [42] validated in patients with renal failure the three-step
scale of the World Health Organization for the treatment of pain, achieving ad-
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Table 2. General principles for the treatment of chronic pain in CKD patients

Pain level ~ Recommended analgesic Safety issues

Mild pain:  Paracetamol (+adjuvant) Paracetamol: at high doses (over 4 g/day), liver
VAS 1-3 is the nonnarcotic agent  toxicity is possible, especially in patients with
of choice chronic liver disease (viral or alcohol related)
NSAID are notindicated ~ NSAID: increased risk of gastrointestinal
(topical gels may be used bleeding; oliguria/anuria due to sodium and
in small amounts) water retention; hyperkalemia; worsening of
renal function

Moderate  Tramadol (with dose Side effects are similar to those observed with
pain: adjustment according to  opioids: constipation; nausea; central nervous
VAS 4-6 residual renal function)  system depression; seizures (in conditions with

lower seizure threshold)

May precipitate excess serotonin activity
(serotonin syndrome), when patients are
concomitantly treated with serotonergic drugs

Severe pain: Fentanyl (mostly cleared  Safe for treatments over short periods; all may

VAS7-10 by the liver; inactive accumulate in the long term
metabolites) Reassess the need and dose of opioids every
Buprenorphine (with 24-48 h
dose adjustment Use caution in opioid-naive patients (monitor
according to residual for central nervous system and respiratory
renal function; mostly effects)
cleared by the liver; Fentanyl and methadone are highly protein
inactive metabolites) bound and not dialyzable
Methadone (mostly Constipation; nausea; central nervous system
cleared by the liver; depression; seizures (in conditions with lower
inactive metabolites) seizure threshold)

May precipitate excess serotonin activity
(serotonin syndrome), when patients are
concomitantly treated with serotonergic drugs

equate analgesia in 96% of patients. However, this scheme is not applicable to
acute pain for the long kinetics of tramadol, methadone and fentanyl; for the
treatment of acute pain, rapid action and easy handling therapy is necessary.
With this understanding, the general principles for the treatment of chronic
pain in CKD are summarized in table 2, while in table 3 a treatment algorithm
is proposed for acute pain [42, 43].

Analgesic drugs can be administered intravenously or orally. It is a doctor’s
duty to prevent the onset of severe pain by early administration of an analgesic
rather than waiting until the patient has severe pain. The goal is the absence of
pain, but also the limitation of side effects.
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Table 3. Treatment of acute pain in CKD patients

Severity CKD EPI1 50-10 ml/min’ CKD EPI <10 ml/min or dialysis?

of pain

Mild pain paracetamol 1 g x 4; paracetamol 1g x 3;
tramadol 100 mg may be added tramadol 50 mg may be added

Moderate paracetamol 1 g x 4 paracetamol 1 g x 3

pain + tramadol 100 mg X 2; + tramadol 50 mg X 2;
buprenorphine 0.15 mg may be buprenorphine 0.15 mg may be
added added

Severe buprenorphine 0.3 mg x 2 buprenorphine 0.3 mg x 2

pain? + paracetamol 1 g x 4; + paracetamol 1 g x 3;
buprenorphine (3rd dose) buprenorphine (3rd dose)

T An eGFR of 50-10 ml/min calculated with the CKD-EPI formula usually corresponds to
an Scr level between 1.5 and 5 mg/dl for males and between 1.25 and 4 mg/dl for females.
2 An eGFR <10 ml/min or dialysis calculated with the CKD-EPI formula usually corresponds
to an Scr level >5 mg/dl for males and >4 mg/dl for females.

3 The combination oxycodone/naloxone is an opioid analgesic which may also be used
for severe pain in CKD patients. Oxycodone is responsible for the pain-relieving effects,
while naloxone reduces opioid-induced constipation.

Anesthetics

The anesthetist treating CKD patients is confronted with a number of clinical
challenges related to altered drug handling, the production and accumulation of
active metabolites and difficulties with vascular access and fluid balance [44].
CKD is a risk factor for serious postoperative complications, such as acute renal
failure and cardiovascular complications, which are associated with an increased
morbidity and mortality [45].

Dose adjustments are not usually necessary until GFR falls below 50 ml/min.
CKD may influence both the PK and the PD of a drug [44].

Local anesthetics have two plasma protein-binding sites: a high-affinity and
low-capacity site, and a low-affinity high-capacity site on albumin; the albumin-
binding site becomes increasingly important as the plasma concentration of the
local anesthetic increases. Metabolic acidosis increases the percentage of un-
bound drug, and this effect is more pronounced with bupivacaine [46].

Local anesthetics, such as lidocaine, are metabolized in the liver and excreted
by the kidneys. Acute or chronic deterioration of renal function can lead to their
inadequate clearance. Use of local anesthetics is not contraindicated in CKD pa-
tients with eGFR <50 ml/min, but dosages should be kept to a minimum and the
interval between injections adequately extended.
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Local anesthesia and regional blocks, commonly used in vascular access sur-
gery, may affect vein diameter and fistula blood flow rates, which are important
predictors of fistula failure. Regional block anesthesia (brachial plexus block) is
associated with vasodilation in both the cephalic and basilic veins and with in-
creased fistula blood flow.

Intravenous Anesthetic Agents

» Propofol PK are unaltered by established renal failure; the time interval be-
tween cessation of a propofol infusion and eye opening is significantly short-
er in renal failure patients than controls, although blood propofol concentra-
tions are not significantly different on waking [47].

» Thiopental has an increased volume of distribution and reduced plasma pro-
tein binding in renal failure, and the brain is exposed to a higher free drug
concentration, so the rate of administration should be reduced [48].

Potent Inhalation Agents

o Methoxyflurane anesthesia may determine elevated serum inorganic fluoride
levels and polyuric renal failure (serum fluoride levels >50 umol/dl were as-
sociated with an increased risk of renal damage) [49].

o Enflurane: case reports of renal failure after enflurane anesthesia suggest that
it is best avoided in patients with renal dysfunction [50].

o Desflurane and isoflurane are not associated with renal toxicity and appear
safe to use in patients with CKD [51].

Anticoagulants and Platelet Aggregation Inhibitors

The prevalence of atrial fibrillation (AF) in end-stage renal disease is high, with
an increased risk of stroke among these patients with AF compared with the AF
population without severe renal impairment. Many trials have shown the clini-
cal benefit of oral anticoagulation therapy for primary and secondary prevention
of stroke in patients with AF. However, current stroke risk stratification schemes
are based on studies that have deliberately excluded patients with severe renal
impairment. Indeed, there are no large randomized controlled trials assessing
the real risk/benefit of full intensity anticoagulation in patients with severe renal
impairment. In addition, rates of major bleeding episodes in anticoagulated he-
modialysis patients with AF are high [52].

Using data from the international Dialysis Outcomes and Practice Patterns
Study (DOPPS) studying patients with AF, Wizemann et al. [53] found that war-
farin use was associated with an overall significantly higher stroke risk due to an
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increased risk of bleeding, particularly in those over 75 years of age. This study
shows that AF is common and associated with elevated risk of adverse clinical
outcomes, and this risk is even higher among elderly patients prescribed warfa-
rin. The effectiveness and safety of warfarin in hemodialysis patients require ad-
ditional investigation [53].

Many physicians prescribe anticoagulants and antiplatelet medications to
prevent thromboembolic events and access thrombosis in dialysis patients de-
spite limited evidence of their efficacy in this population. Chan et al. [54] con-
cluded that warfarin, aspirin, or clopidogrel prescription is associated with high-
er mortality among hemodialysis patients [54].

Recently, several novel oral anticoagulants (NOACs; rivaroxaban, dabiga-
tran, apixaban) have been tested in large trials involving patients with AF and
venous thromboembolism (VTE). All of these new anticoagulants are partially
eliminated by renal clearance. In CKD patients, therefore, the half-lives of these
novel anticoagulants may be prolonged, resulting in enhanced antithrombotic
activity. On the other hand, there might be a higher risk of bleeding in CKD pa-
tients with these compounds.

The ROCKET-AF study [55] tested the efficacy and safety of rivaroxaban, a
novel factor Xa inhibitor, in 14,264 patients with nonvalvular AF and addition-
al stroke risk factors compared with standard warfarin therapy aiming at an in-
ternational normalized ratio (INR) of 2.0-3.0. Rivaroxaban is predominantly
metabolized by the liver, but approximately one third of the drug is cleared by
the kidneys. The ROCKET-AF trial excluded patients with an eGFR <30 ml/
min, whereas the daily dose of rivaroxaban was reduced from 20 to 15 mg in pa-
tients with an eGFR of 30-49 ml/min based on available PD data and PK model-
ling [55].

In the setting of chronic nonvalvular AF or venous thromboembolism, a re-
cent systematic review of 8 randomized controlled trials among patients with
CKD who received NOACs compared with those who received vitamin K an-
tagonists (VKAs) identified no difference in the risk of stroke and systemic
thromboembolism, recurrent thromboembolism or thromboembolism-related
death, or bleeding. CKD was defined as a creatinine clearance between 30 and
50 ml/min [56]. Collectively, the NOACs have demonstrated efficacy and safety
similar to those of the VKAs in patients with moderate CKD (CrCl 30-50 ml/
min); however, trials evaluating the effect of these agents on important clinical
outcomes in patients with more severe CKD, including patients undergoing di-
alysis, are lacking [56].

When planning vascular access interventions, one important safety aspect is
the management of already established anticoagulant and antiplatelet treat-
ments. Oral anticoagulation should be substituted with unfractionated heparin,
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which can be easily monitored with activated partial thromboplastin time and
stopped the day before surgery. Low-molecular-weight heparins, on the other
hand, pose an increased risk of bleeding because they accumulate in patients
with CKD, unless their activity is monitored by the anti-factor Xa assay, which
currently is not widely available.

Patients with CKD, including dialysis patients, are often prescribed platelet
aggregation inhibitors. However, safety with antiplatelet therapy is a major con-
cern in patients with renal impairment because they are at increased risk of
bleeding compared with the general population for the concurrent uremia-
related platelet dysfunction [57]. Therefore, understanding strategies of anti-
platelet management in patients with CKD is of key importance. The most com-
monly used agents are ticlopidine, clopidogrel, and aspirin, which sometimes
are combined.

A systematic review identified 16 studies including 40,676 patients, and
found an increased bleeding risk for hemodialysis patients treated with combi-
nation antiplatelet therapy, while there are mixed results for studies using a sin-
gle antiplatelet agent [58]. The study also suggested that antiplatelet agents ap-
pear to be effective in preventing shunt and central venous catheter thrombosis,
but not for preventing thrombosis of arteriovenous grafts. Considering risks and
benefits, the usefulness of antiplatelet agents for the prevention of access throm-
bosis in dialysis patients remains poorly defined. Individual risk stratification
taking into account the increased risk of bleeding should be considered before
initiating antiplatelet agents, especially in combination therapy [58].

Ongoing treatment with antiplatelet agents is generally stopped before
planned vascular access surgery because they might increase the bleeding and
the overall surgical risk in CKD patients. A recent retrospective study in renal
transplantation, however, highlighted that these drugs are associated with a low
risk of bleeding during renal transplantation, and their use does not seem to be
a contraindication for renal transplant surgery [59]. The same might be true for
vascular access surgery, especially when considering risks in patients needing
urgent interventions for vascular access dysfunction.

Martinez Salazar et al. [60] reported no bleeding complications after 53 tun-
neled hemodialysis catheter procedures performed in dialysis patients on clopi-
dogrel therapy, indicating that cardiologic indications to continue clopidogrel
after cardiac procedures can be followed with low risks of complications during
dialysis catheter procedures.

After vascular access surgery, benefits and risks of antithrombotic medica-
tions should be considered. The aim of such treatment is increasing the access
duration, but its suitability for needling is also an important outcome to be con-
sidered.
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Antiplatelet agents represent a logical strategy to prevent vascular access failure.
Clopidogrel activity has been studied in patients with renal function impairment
[61], although no data are reported in the drug prescribing information. Dose ad-
justment in patients with severe renal failure (GFR 5-15 ml/min) and moderate
renal impairment (GFR 30-60 ml/min) does not appear to be required [61].

Clopidogrel has been evaluated for prevention of AV fistula nonmaturation
[62] in a multicenter randomized clinical trial. Patients received either clopido-
grel or placebo for 6 weeks after surgery. Although the frequency of access
thrombosis within 6 weeks was significantly lower in patients receiving clopido-
grel (12.2 vs. 19.5%), AV fistula nonmaturation was similar (and surprisingly
very high) in both groups (61.8 vs. 59.5%). Antithrombotics for prevention of
stenosis or thrombosis of AV grafts have also been evaluated with randomized
trials. Neither warfarin nor aspirin plus clopidogrel prevented AV graft throm-
bosis, but unfortunately they increased the risk of bleeding complications [63,
64]. Dipyridamole plus aspirin produced a modest, although significant, prolon-
gation of primary unassisted AV graft survival [65].

Interestingly, long-term fish oil ingestion (four 1-gram capsules/day) in pa-
tients with new hemodialysis grafts decreased by 22% (although statistically
nonsignificant) the proportion of grafts with loss of native patency within 12
months [66]. In addition, fish oil improved some relevant secondary outcomes
such as graft patency (RR 0.58), rates of thrombosis (RR 0.50), and angioplasty
(RR 0.59). Unexpected benefits on cardiovascular events were also observed:
improved cardiovascular event-free survival (hazard ratio, 0.43) and lower mean
systolic blood pressure, indicating a favorable risk/benefit ratio for this pharma-
cological approach [66].

Systemic anticoagulation for the prevention of dialysis catheter thrombosis
is controversial for its inherent risk-benefit issues: while it may improve catheter
survival, it can also increase the risk of side effects, such as bleeding and cardio-
vascular calcifications due to inhibition of vitamin K-dependent proteins such
as MGP (Matrix Gla protein) [67, 68].

Warfarin at the mini-dose of 1 mg/day was not effective in preventing throm-
bus formation with hemodialysis catheters, although catheter survival improved
in patients with an INR greater than 1.00 [69]. A retrospective study found a
significantly reduced thrombosis rate of tunneled catheters using anticoagula-
tion at therapeutic levels [70]. Similar results were reported in patients antico-
agulated after treatment with urokinase for thrombosis [71] and in patients at
high risk for thrombosis with the maintenance of target INR in the range of
1.5-2.0 [72]. Twardowski [73] proposed a stepwise anticoagulation strategy in
which the warfarin dose, started at 1 mg/day, is titrated upwards until throm-
botic episodes resolve.

38 Paparella - Martina - Rizzo - Gallieni

Widmer MK, Malik J (eds): Patient Safety in Dialysis Access.
Contrib Nephrol. Basel, Karger, 2015, vol 184, pp 24-50 (DOI: 10.1159/000365821)



Thus, anticoagulation appears to be effective in preventing catheter throm-
bosis, but the available evidence is based on retrospective and noncontrolled
studies, where the risks of bleeding, vascular calcification and bone side effects
were not assessed. This raises a relevant safety issue, and in the absence of con-
trolled prospective studies confirming the overall benefits of anticoagulation
use, its general use cannot be currently recommended [74].

Interactions of Drugs: General Principles

CKD patients are affected by many comorbidities that require multiple pharma-
cological treatments. One of the factors that can modify the response to drugs is
the concurrent administration of other drugs. This phenomenon is defined as
drug interaction. Drug interactions may lead to adverse effects and occasionally
to fatal outcomes [75]. Adverse effects due to drug interactions are often predict-
able from previous reports and careful knowledge of pharmacologic principles,
but many clinicians have a low awareness of these possible adverse events.

Drug interaction is a condition of pharmacological incompatibilities, in
which a drug affects the activity of another drug when they are administered to-
gether (drug-drug interaction, DDI); moreover, this reaction may also happen
between drug and food, or between drug and medical plants.

Potential DDIs have been frequently reported, but only few studies have been
conducted on actual interactions. Some data are available about drug interactions
among elderly patients hospitalized for drug toxicity [76]. In a recent review [77],
differences between actual and potential DDIs were outlined: the incidence of ac-
tual DDIs resulted lower than that of potential DDIs; important adverse effects occur
only in the presence of specific risk factors, such as age or genetic polymorphisms.

There are several mechanisms by which drugs may interact; they can be clas-
sified as PK, PD, or combined interactions [78, 79]. Drug action can be syner-
gistic (when the drug’s effect is increased), antagonistic (when the drug’s effect
is decreased), or it may produce new effects. Drug interactions depend on both
patient-specific factors (intrinsic drug clearance, genetics, gender, concurrent
diseases, diet), and drug-specific factors (dose, route of administration, drug
formulation, and the sequence of drug administration).

PD Interactions

PD interactions can occur through pharmacological receptors or signal trans-
ductor mechanisms [79]. The drugs may or may not act on the same receptor to
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produce pharmacological effects. When drugs with similar pharmacologic ef-

fects are concurrently administered, an additive or synergistic response is usu-

ally seen.
If the drugs act on the same receptor, they in turn can be:

o Pure agonists, binding to the receptor’s main locus and causing a similar ef-
fect.

« Partial agonists, binding to one of the receptor’s secondary loci, causing the
same effect, but with a lower intensity in contrast to the principle drug.

» Antagonists, binding the receptor’s main locus but with an opposite effect to
that of the main drug. If they compete with the main drug to bind with the
receptor, they are defined as competitive antagonists; but, when the antago-
nist irreversibly binds to the receptor and it is not released until the receptor
is saturated, it is called uncompetitive antagonist.

PK Interactions

Different basic PK parameters must be considered for obtaining a careful drug
management [78]. The most important are clearance, distribution volume,
amount bound in plasma, half-life. Clearance is the measure of capacity to elim-
inate the drug, while volume of distribution is the measure of the apparent body
space available to contain the drug. Moreover, half-life represents the time re-
quired to reduce the amount of drug in the body by one half during elimination
and attain 50% of steady state. Finally, the renal eliminated fraction of a drug is
the key to predict its PK.

PK interactions may modify drug concentrations by interfering with differ-
ent mechanisms such as absorption, distribution, metabolism, and excretion of
the drug [78].

Absorption is strictly related to gastric pH, drug solubility or gastrointestinal
motility, while distribution is influenced by competition of plasma protein
binding, displacement from tissue-binding sites, or alterations in local tissue
barriers.

Metabolism is regulated by metabolizing enzymes, which are typically acti-
vated through nuclear receptors. It primarily occurs in liver tissue and small in-
testine, followed by other sides, such as plasma, lung and kidney. The most im-
portant of this enzymatic system is the system of cytochrome P450 isozymes. A
result of interactions between endogenous or exogenous factors on enzymatic
systems may stimulate the function of the enzyme (enzyme induction) or in-
hibit it (enzyme inhibition) [80]. The final action is a modification in drug me-
tabolism.
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Table 4. Potential effects of kidney failure on drug PK

Absorption

Diabetic or uremic gastroparesis may alter gastrointestinal transit time and modify drug
absorption

A drug able to alter gastric pH (e.g. antacids ad phosphate binders) can reduce the
absorption of other drugs

Gastrointestinal tract edema caused by congestive heart failure or nephrotic syndrome
can slow drug absorption

Distribution

Edema or ascites may increase the distribution volume for protein-bound and
water-soluble drugs

Uremia can alter plasma protein binding, affecting acidic drugs

Hypoalbuminemia and altered plasma protein binding increase free or unbound
concentrations of drugs

Tissue protein drug binding is reduced in uremic states

Metabolism
Renal failure may affect liver function, increasing or decreasing hepatic
bio-transformations

Excretion
Reduced excretion and prolonged half-life; renal failure may alter glomerular filtration,
tubular secretion, reabsorption

Finally, the excretion interactions principally depend on renal function.
Drugs are removed from the plasma by the kidney with different mechanisms:
passive filtration, reabsorption and active secretion. Filtration depends on urine
pH, so that renal excretion of certain drugs that are weak acids or weak bases
may be influenced by other drugs that affect urinary pH (for example, drugs act-
ing as weak bases are more easily excreted with acid urine pH; the inverse it is
true for weak acids). Finally, secretion is a process based on saturability of the
transported molecule and competition between substrates. P-glycoprotein, or-
ganic anion and cation transporters are involved in active tubular secretion of
some drugs, and inhibition of these transporters can reduce renal elimination of
the drugs, causing an increase in their serum levels [81].

Considering the key role of the kidneys in drug metabolism and excretion,
kidney failure obviously modifies drug PK (table 4).

Drug Dosing in Patients with Renal Failure

The standard dose of a drug derives from studies in healthy volunteers and pa-
tients with normal capacity to metabolize and eliminate drugs [78]. However,
the effective dose may be different from patient to patient. Pathologic conditions
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Table 5. Drug dosage individualization in patients with CKD

eGFR should be calculated for evaluating the stage of CKD and drug dosing purposes

Dosing adjustments are generally required when GFR falls below 50 ml/min/1.73 m?

The impact of interactions of all drugs commonly used in CKD patients (e.g. phosphate
binders) should be evaluated

The volume of distribution (VD) of many drugs is increased in patients with moderate to
severe CKD as well as in those with pre-existing CKD who develop AKI; the increase
in VD may be the result of decreased protein binding or fluid overload; obese CKD
and AKIl patients and those with large variations in serum protein levels should have
their drug dosage individualized

Dosing changes can involve dose reduction, increasing the interval between doses or
both

Loading doses may be required if a drug has a long half-life and there is a need to
rapidly achieve the desired steady-state concentrations or if the VD of a drug is
significantly increased

Maintenance dose: most commonly, prolonging the dosing interval but maintaining the
same dose will result in the achievement of similar peak and trough concentrations
as well as area under the curve and thus may be preferred

A more accurate drug dosage adjustment is recommended for agents that have a
narrow therapeutic index; when available, measurement of therapeutic drug levels
may optimize therapeutic regimens; hypoalbuminemia may influence the
interpretation of drug concentrations

(heart, liver or renal failure) may demand dosage adjustment in individual pa-
tients because they modify specific PK parameters of the drugs.

For the predominant role of the kidneys in drug metabolism and excretion,
patients affected by renal failure require an adjustment of dosing for substances
cleared and metabolized by the kidney. The principles for drug dosage individu-
alization in CKD patients are summarized in table 5.

Dose adjustment is based on a combination of PK and PD effects, determin-
ing the relationship between the concentration of a drug and its final effect on
organs [82]. In case of a marked reduction of glomerular filtration, certain drugs
should no longer be given, either because they may further damage the kidneys
or because they are insufficiently eliminated and will accumulate, causing ad-
verse events.

Dosages of drugs cleared by kidney should be adjusted according to creati-
nine clearance or GFR calculated using online or electronic calculators [83], as
previously outlined.

A careful assessment of renal function is necessary before starting a drug. It
is necessary to evaluate if a drug should be administrated or not, and/or if a dos-
ing adjustment is required according to GFR.

Attention in the use of antibiotics is particularly important. Patients with
fluid overload may require a larger loading dose, in contrast to dehydrated pa-
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tients. Patients with renal insufficiency generally need a higher starting dose,
and then the maintenance dose is adjusted according to renal function, depend-
ing on drug half-life. The starting dose is important for both types of antibiotic,
those whose effect is concentration dependent and those whose effect is time
dependent. For adjusting the maintenance dosage in patients affected by kidney
failure, it is possible to reduce the dose or to increase the intervals between dos-
es, keeping the dose size normal. In clinical practice, a combination of the two
methods is often useful. Finally, in patients requiring dialysis, many drugs are
given at the end of the dialysis session, minimizing removal during dialysis. As
a clinical alternative, it is often useful to search for drugs that are similar to the
principal drugs but not metabolized by the kidney [83].

Detailed dosing recommendations for individual drugs are available in spe-
cific textbooks [84, 85]. Nevertheless, although guidelines are available, indica-
tions and regimens must be always individualized according to patient response
and serum drug concentrations.

Problematic Drugs in CKD

Many drugs are commonly administered in CKD and dialysis patients. Here,
we focus our attention on drugs required for management of vascular access:
antimicrobials, anticoagulants, analgesics and anesthetics. PK parameters may
be modified in kidney failure and dosing adjustment based on GFR may be
required, especially for antimicrobials (table 6). Again, we want to emphasize
that patients affected by renal failure are at high risk of adverse events induced
by NSAIDs [86]. The most frequent are acute kidney failure, nephritic/ne-
phrotic syndrome, papillary necrosis. In patients with preexisting renal dam-
age, the use of NSAIDs can lead to permanent renal damage. The risk of renal
damage is increased if NSAIDs are administrated together with ace inhibitors,
in dehydrated conditions and for prolonged time. They should be avoided in
renal failure.

Measurement of Therapeutic Drug Levels

Measuring drug concentrations is one way to optimize therapeutic regimens
and account for changes between individuals. Therapeutic drug monitoring
mainly involves antibiotics (i.e. vancomycin, gentamicin), immunosuppressives
(cyclosporine), anti-seizure drugs (carbamazepine, phenytoin and valproic
acid), mood stabilizers (lithium), and antipsychotics.
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Therapeutic drug monitoring requires availability of rapid, specific, and reli-
able assays and known correlations of drug concentration to therapeutic and
adverse outcomes. Hypoalbuminemia may influence the interpretation of drug
concentrations as the total drug concentration may be reduced even when the
active unbound drug concentration is not. Unbound drug concentrations are
often not clinically available, and therefore clinicians must empirically consider
the impact of hypoalbuminemia in their interpretation of measured total drug
concentrations.

Conclusions

Safety of pharmacologic therapy in CKD patients is a major concern. Therefore,
understanding strategies of drug management in this patient population is of
key importance. The lack of studies performed specifically in patients with im-
paired renal function, particularly those with AKI or end-stage renal disease,
who are generally excluded from many large-scale clinical trials, often leads to
either no recommendation on the most appropriate pharmacologic treatment
regimen or to opinion-based indications. Overall, the choice and combination
of drugs prescribed to CKD patients should be balanced against the individual
risk of adverse events. More data from large-scale clinical trials including CKD
patients or even better from dedicated studies in patients with CKD are war-
ranted in order to define the most effective and safe drugs for CKD patients.
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Patient Safety in Vascular Access
Patients on Hemodialysis: Contrast
Agents and Renal Function
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Abstract

Patient safety is a major concern in medical practice. Today, the health care system is faced
with a growing number of patients at increased risk with serious conditions, older patients,
and multimorbidity and kidney disease. In these patients, not only the correct diagnostic
but also the time to get the correct diagnosis and the strategy of treatment are of great
importance. For this reason, the numbers of imaging, interventional radiological proce-
dures and the administration of potentially nephrotoxic agents are increasing. Preventive
strategies for contrast-induced side effects, especially contrast-induced renal failure, are
of ‘real life’ importance. ©2015 S. Karger AG, Basel

Recommendations to Improve Patient Safety

* Always follow rule one: Does the indication for the planned examination
stand up?

* Always follow rule two: What is the exact question to be answered by the
test?

o Always follow rule three: Can the question be answered by a less invasive
and/or less dangerous procedure/test?

* Always follow rule one once again: Is the test indicated?



Introduction

Radiology is an integral component in the evaluation of the kidney. For decades,
the primary imaging of the urinary tract has been excretion radiography follow-
ing intravenous administration of iodinated contrast media (CM). This tech-
nique is called intravenous urography or pyelography, or excretory urography.
In the last 30 years, we have witnessed an extraordinary development of the renal
imaging technique. Ultrasounds, with or without ultrasound CM, computed to-
mography (CT) with or without iodinated CM, magnetic resonance imaging
(MRTI), with or without gadolinium-containing CM, are used with increased fre-
quency. The aim is to compensate for the limitations of intravenous pyelogra-
phy, to limit radiation exposure, and to limit CM side effects. In the same con-
text, a reappraisal of scintigraphic methods using radioactive tracer is observed,
including positron-based techniques. And to compensate for potential side ef-
fects of CM, and to get more information from MRI, new techniques are devel-
oped. These MRI techniques are resumed in the term functional MR], including
diffusion MRI, BOLD-MRI (blood oxygen level determination MRI), or new
angiography MRI methods without the use of CM.

This chapter will outline the problems of CM, the iodinated for radiography
and the gadolinium based for MRI, when treating patients with impaired renal
function.

Contrast Media

We are in an excellent situation today that we have intravenous CM for radiog-
raphy containing iodine, CM with gadolinium for MRI, and gas-containing
bubbles used as CM for ultrasound examinations. This chapter will focus on io-
dinated and on gadolinium-containing CM, but not on the recently developed
ultrasound CM. However, these new ultrasound based techniques might well
replace some of the conventional techniques with CT or MRI in the future.

lodinated CM

These contrast agents continue to have a role in many imaging techniques. A
tri-iodinated benzene ring forms the chemical basis for all intravascular contrast
agents for x-ray examinations. Mortality is increased in patients with acute renal
failure following exposure to CM [1-3]. For this reason, strategies to reduce
nephrotoxicity have been developed. The toxicity of the CM has been reduced
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Contrast agents

Nephrotoxic agents 22%
26%

Myeloma
13%

Pyelonephritis

8%

General factors for acute
renal failure

Immunoallergic

Age reactions 14%

Dehydration
Vascular diseases

Cholesterol embolism
17%

Fig. 1. Acute kidney injury in noncritically ill patients admitted to a tertiary care academ-
ic center in medical and surgical services (after Meier et al. [3]).

by developing low- and iso-osmolar agents, and by better identification and
preparation of patients with high risk for contrast-induced nephropathy (fig. 1).
Despite optimal preparation in a tertiary hospital, contrast nephropathy is still
a major factor for renal failure. However, one has to be aware that a clear sepa-
ration between CM nephropathy and cholesterol embolism is not possible, and
mixed clinical pictures can exist. This has to be clear in mind today with increas-
ing numbers of intravascular interventions.

Historically, contrast agents used to have very high osmolality. This was due
to the high iodine content for increasing the contrast capacity. These agents had
almost 5 times higher osmolality than normal plasma. This chemical character-
istic contributes to the excellence of contrast imaging, but the high osmolality
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Fig. 2. Different mechanisms of renal toxicity of iodinated CM. THP = Tamm-Horsfall gly-
coprotein.

contributes to the toxicity. Furthermore, in the old times patients were dehydrat-
ed to get fine renal contrast images, a practice that contributed to renal failure
after exposure, especially in myeloma patients: ‘Since the dehydration utilized in
the preparation of patients for intravenous pyelography will tend to optimize the
circumstances for precipitation of the abnormal urine proteins, it would seem
reasonable to suggest that patients with myeloma should not be prepared for this
examination by dehydration’ [4]. New iodinated contrast agents have been devel-
oped with the aim to give the same image quality but less toxicity.

It is important to realize that the so-called low-osmolar CM do not have low-
er osmolality than plasma, but twice the plasma osmolality. Indeed, the term
low-osmolality refers to the old CM, i.e. they are lower than the old CM that were
around 1,200 mosm/l, and the low-osmolar CM are around 600 mosm/1. Iso-
osmolar refers to the plasma, and means that these CM are comparable to plas-
ma osmolality, i.e. around 300 mosm/I.

The high osmolality of CM explains another important feature of these
agents. They are osmotic active and act similar to osmotic diuretics such as man-
nitol. After administration, an increased diuresis is observed. This observation
supports the necessity to perform hydration of the patient not only before, but
also after administration of CM to balance the CM-induced diuresis. The histo-
logical lesions in the kidney are of the same type as the lesions observed after
administration of mannitol or other agents inducing osmotic diuresis.
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Medullary oxygenation decreases when iodinated CM is administrated
(fig. 2). This has been shown first in animals and later in human after exposure
to intravenous CM [5]. There is an important difference between rodent models
and human; indeed, the human kidney is more sensitive to iodinated intrave-
nous CM responding immediately with decreased medullary oxygenation. Strat-
egies to minimize nephrotoxicity of CM such as the antioxidant N-acetylcyste-
ine might have an effect through this mechanism. Interestingly, dark Swiss choc-
olate might increase renal medullary oxygenation in human [6]. The role in
preventing CM nephropathy has not been studied.

Two other factors have to be mentioned that affect renal medullary oxygen
content. First with age, the renal medullary oxygenation decreases, which might
increase the risk in elderly patients [7]. Second, the use of nonsteroidal anti-in-
flammatory drugs decreases the kidney response to hydration and might well
contribute to CM-induced nephropathy by this mechanism [8].

lodinated CM in Patients with Impaired Renal Function

Before administration of CM, the indication of the test should be controlled and
replaced by another examination without CM if possible.

If CM will be administrated in a patient with CKD or acute renal failure, low-
osmolality CM should be used [9]. Correct hydration is essential. Because the CM
acts as an osmotic diuretic, hydration after CM administration is as important as
hydration before CM administration. For more than a decade, the classic scheme
of Solomon and collaborators was highly recommended [10]. The procedure in-
cluded hydration with a 0.45% NaCl i.v. solution 1 ml/kg body weight over 12 h
before and 12 h after the administration of CM. The 0.45% solution has been re-
placed by 0.9% NaCl after the study was published, and recently bicarbonate solu-
tions are used in a similar way [11]. This is generally accepted but the hydration
might be a problem in heart failure patients. New techniques are investigated for
this purpose, a promising one is the use of controlled intense hydration by a feed-
back loop using urinary output through the so called RenalGuard System [12].
Basically, this system matches automatically the intravenous replacement solu-
tions to the urinary flow allowing to achieve very high urinary volumes up to 1,000
ml per hour. Today, this method is not yet entered in routine clinical practice.

The role of concomitant medication is not clear due to the lack of good clin-
ical studies [9]. It is recommended to stop nonsteroidal anti-inflammatory
drugs, metformin for the risk of lactic acidosis with decreasing renal function,
and diuretics. Usually, diuretics used for long-term treatment of hypertension
and inhibitors of the renin-angiotensin system should not be discontinued.
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Fig. 3. Change in serum creatinine at day 6 after CM exposure as a function of baseline
serum creatinine and amount of CM administered [13].

It is important to use the lower necessary amount of CM. Figure 3 shows a
post hoc analysis of a study conducted by Vogt and coworkers demonstrating
that 6 days after exposure to CM in patients with renal impairment, high dose
of CM and high initial creatinine have the worst outcome. In the same study,
hemodialysis therapy immediately after CM exposure had no beneficial effect.
Indeed, hemodialysis access complications can be harmful for the patient [13].
However, hemodialysis after CM exposure might be necessary for therapy of
volume overload and patients with advanced CKD. According to one study,
there might be a role of hemodialysis after CM exposure in patients with severe
advanced CKD of GFR <15 ml/min [14]. But that is a subject of controversy and
is not clinical practice in most centers [15].

Gadolinium and Nephrogenic Systemic Fibrosis

Nephrogenic systemic fibrosis (NSF) occurs in patients with advanced CKD or
acute renal failure, most commonly following exposure to gadolinium-based con-
trast agents. NSF is associated with increased morbidity and mortality [16, 17]. De-
spite the claim of some investigators that the association of NSF with gadolinium-
based MRI is putative, the reality was different. The incidence of NSF has decreased
dramatically following increasing clinician awareness and application of guidelines
to avoid gadolinium-based CM in advanced CKD and in end-stage renal disease.
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This appears to be the only effective means of decreasing NSF incidence. Retrospec-
tively, NSF seems to be linked directly to the unstable form of gadolinium in the
linear and nonionic form. The type of gadolinium chelate affects its thermody-
namic and therapeutic properties. Cyclic forms of gadolinium CM seem to be saf-
er, and following the guidelines are given in at-risk patients with a clear indication
and no alternative possibility of procedure. Indeed, this is a rare event, and basi-
cally gadolinium-based CM can be avoided in patients with severe CKD (eGFR <30
ml/min), and in end-stage renal disease. Increasing clinician awareness of the dan-
ger and potentially lethal effect of specific gadolinium-based CD in advanced renal
failure should help avoid them all in these conditions. If no other possibility exists,
gadolinium-based CM with known low risk should be used exclusively [16, 17].

The clinical picture is devastating. One third of the patients will die, and one
third will be disabled permanently! Typically, fibrosis of the skin develops, but
the face remains unaffected. With developing disease, the skin gets so fibrotic
that the movement of limbs gets difficult to impossible. The understanding of
the pathogenic mechanisms and treatment of NSF remains unknown.

In summary, in all patients the lowest dose of gadolinium-based CM should be
administered, name and dose always recorded, readministration avoided several
weeks after the first administration, and CM should not or with utmost care be given
in patients with advanced renal failure. The exact gadolinium-based CM should be
selected following the guidelines. Nevertheless, considering the new techniques of
functional MRI and the development of CT techniques with less exposure to radia-
tion and CM, and having seen several patients die from NSF, the authors think that
gadolinium-based CM should not be used in patients with a GFR below 30 ml/min!

Conclusions

What research project should be done to overcome the problems in relation to
CM and nephrotoxicity? Such research programs should have two aims: First,
define the optimal strategy for intravenous solutions for optimal hydration and
protection, i.e. the kind of solution used, the amount and the time before and af-
ter CM administration. Second, research should focus on the indication of spe-
cific imaging methods and the added value of CM in regard of sensitivity, speci-
ficity and clinical decision making.
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Abstract

In hemodialysis patients, radiographicimaging with iodinated contrast medium (ICM) ap-
plication plays a central role in the diagnosis and/or follow-up of disease-related condi-
tions. Therefore, safety aspects concerning ICM administration and radiation exposure
have a great impact on this group of patients. Current hardware and software improve-
ments including the design and synthesis of modern contrast compounds allow the use
of very small amounts of ICM in concert with low radiation exposure. Undesirable ICM side
effects are divided into type A (predictable reactions such as heat feeling, headache, and
contrast-induced acute kidney injury, for example) and type B (nonpredictable or hyper-
sensitivity) reactions; this chapter deals with the latter. The first onset cannot be prevent-
ed. To prevent hypersensitivity upon reexposure of ICM, an allergological workup is rec-
ommended. If this is not possible and ICM is necessary, the patient should receive a
premedication (H1 antihistamine with or without corticosteroids). Currentimaging hard-
ware and software improvements (e.g. such as additional filtration of the X-ray beam) al-
low the use of very small amount of ICM and small X-ray doses. Proper communication
among the team involved in the treatment of a patient may allow to apply imaging pro-
tocols and efficientimaging strategies limiting radiation exposure to a minimum. Practical
recommendations will guide the reader how to use radiation and ICM efficiently to im-
prove both patient and staff safety. ©2015S. Karger AG, Basel



Recommendations to Improve Safety for Both the Patient and the
Radiological Staff

Careful assessment of the patient’s history including actual condition, ac-
tual medication, previous interventions, previous radiological procedures,
and previous tolerability of ionic contrast media (ICM).

Avoid both frequent contrast-enhanced and native image-guided examina-
tions.

If the application of ICM is necessary, use the lowest dose possible (approx-
imately 5 ml of a nonionic ICM such as iopromide, for example).

¢ Use a low frame rate (e.g. 3 pulses/s) and a small field of view to achieve a
minimum radiation exposure for both patients and staff — according to the
ALARA (as low as reasonably achievable) principle.

Patients with a history of ICM hypersensitivity have an increased risk to re-
act again after reexposure. Therefore, these patients should be closely diag-
nosed. If this is not possible, native radiological X-ray examinations or ul-
trasound examinations are recommended. If ICM is necessary, a premedi-
cation should be given, and one should be aware that this procedure does
not absolutely protect from hypersensitivity reactions.

Overview of lodinated Contrast Media

There is a huge amount of literature describing the spectrum of and differences
between commercially available iodinated contrast media (ICM) [1, 2]. The ini-
tial group of ionic, high-osmolar ICM has been nearly completely replaced by
low- and iso-osmolar nonionic ICM that generally have a better safety profile
than the former ones. Therefore, this book chapter does not further discuss ion-
ic, high-osmolar ICM.

Currently, all available nonionic ICM (fig. 1) either have low osmolality or
iso-osmolality (i.e. <859 mosm/kg H,O) [1, 3].

Adverse Reactions

Like drug-induced reactions in general, the broad spectrum of ICM-induced
adverse events in particular can be divided into type A and type B reactions [4,
5]. The first category is defined as predictable reactions that are dose-dependent
side effects induced by the pharmacological compound(s). Heat feeling, vomit-
ing, emesis, headache, renal complaints, and thyrotoxic events are ICM-related
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Generic Iodine concentration Osmolality

name (mg /1) (mOsm/kg water)
[ Tobitridol 300/350 695/915
Iohexol 300/350 672/844
Iomeprol 300/400 521/726
Iopamidol 300/370 616/796
Low osmolar — Iogentol 300 640/818
Iopromide 300/370 607/774
Toversol 320/350 702/792
Nonionic ICM loxilan 300/350 585/695

—

Iso-osmolar {odixanol 270/320 290

Fig. 1. Currently available and safe ICM.

type A reactions. On the other hand, type B reactions are not predictable. These
are hypersensitivity reactions that can be further categorized as either allergic or
nonallergic reactions [6].

Contrast-Induced Acute Kidney Injury

One should be aware that all ICM including all nonionic compounds are
nephrotoxic substances. Therefore, they have the potential to induce con-
trast-induced acute kidney injury (AKI) also called contrast-induced ne-
phropathy (CIN).

To date, the results from studies comparing low- and iso-osmolar ICM in
terms of safety outcomes and specifically the incidence of CIN in patients with
preexisting renal dysfunction have been inconclusive. Early studies showed the
lower incidence of CIN in patients with renal dysfunction after administration
of iso-osmolar ICM compared to low-osmolar ICM [7, 8], whereas subsequent
trials failed to prove the advantage of iso-osmolar over low-osmolar ICM in the
development of CIN [9, 10].

Patients with impaired renal function (i.e. all patients undergoing hemodi-
alysis) are at risk to acquire CIN compared to patients with normal renal func-
tion [11].
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Hypersensitivity to ICM

Most hypersensitivity reactions to ICM occur immediately, and may be either al-
lergic or nonallergic [6]. The clinical features of both pathological conditions are
identical, and comprise localized/generalized urticaria, angioedema, asthma
bronchiale, tachycardia, and drop of blood pressure, for example. Both radiologi-
cal in general and interventional teams in particular that are involved in ICM ap-
plication should be aware of various reactions that may occur after ICM injection.

While mild reactions spontaneously disappear, moderate hypersensitivity
needs adequate treatment. The observed symptoms should be individually treat-
ed (e.g. H1 antihistaminics are suitable for generalized urticaria). Severe hyper-
sensitivity reactions manifest as anaphylactic shock and should be treated in
collaboration with the hospital emergency team.

A regular training of the involved team may improve patient management
and outcome [12].

Apart from immediate or so-called type I reactions, nonimmediate or so-
called type IV reactions may occur after ICM administration. The latter allergy
subgroup manifests either with maculopapular exanthema, fixed drug eruption
or other very rare conditions such as Stevens-Johnson syndrome [13-15].

Prevalence of ICM Hypersensitivity

The prevalence or incidence rates of ICM-induced hypersensitivity show great
variability in the literature [5-17]. The reason for this phenomenon is unclear.
The study design/setting, the use of different ICM, different doses in different
patient groups, and the experience of involved medical personnel may be re-
sponsible for this phenomenon. Furthermore, the definition of adverse events
differs from paper to paper. While some authors report on prevalence rate of
adverse ICM reactions in general, others focus on hypersensitivity reactions, and
found prevalences of 0.7-3.1% [16, 18].

Most hypersensitivity reactions are mild. Severe reactions have been reported
to occur in 0.02-0.04% [18, 19]. A recent retrospective study analyzed reactions
in 84,928 patients after i.v. administration of nonionic ICM during CT: in total,
0.6% showed a hypersensitivity reaction [20]. Of 545 hypersensitivity reactions,
77% were mild, 21% moderate, and 2% severe [20].

Although the incidence of severe hypersensitivity reactions to intravascular
administration of nonionic ICM is rather rare, the fact that more than 75 million
times ICM are administered annually to patients worldwide [21] relates to a sig-
nificant number of patients who may experience hypersensitivity to ICM.
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Nonimmediate or delayed hypersensitivity reactions are T cell based [8] and
occur several hours or even days after an ICM administration. The observed
prevalence affects 1-3% of patients [22] and is mainly induced by nonionic iso-
osmolar dimer ICM [16, 22]. These reactions are generally mild, and mainly
involve the skin. Only very rarely, can they be life threatening [14, 23].

Risks for Hypersensitivity Reactions

Although a lot of risk factors have been described in the literature [12, 13], only
few are of clinical relevance. Important risks are a history of ICM-induced hy-
persensitivity, especially moderate and severe manifestations, and acute severe
allergy against other allergens (e.g. allergic asthma) [24].

In anxious patients, reactions may occur that mimic immediate hypersensi-
tivity.

A relationship between ICM-induced hypersensitivity and iodine or seafood
allergies does not exist [25, 26].

Treatment, Testing and Prevention of Hypersensitivity Reactions

Some recommendations regarding the treatment of type 1 reactions to ICM are
summarized in table 1.

Unfortunately, currently an international standard regimen to prevent, min-
imize or avoid hypersensitivity reactions to ICM does not exist.

Patients with a history of ICM-induced hypersensitivity should be tested in
vivo and in vitro with the culprit ICM, and additional ICM 4 up to 6 weeks after
they displayed the hypersensitivity reaction [13, 26-28]. In addition, one should
be aware that especially in patients undergoing radiological interventional pro-
cedures not only ICM but also a variety of other allergens (e.g. latex, heparins)
may induce the observed hypersensitivity [29].

If testing is not possible, a premedication should be given. Unfortunately,
currently there is no standard regimen, drugs given for premedication them-
selves can induce adverse drug reactions, and premedication does not guarantee
absolute protection from hypersensitivity reaction after ICM reexposure [30].

Amongst numerous pretreatment regimes, almost all include histamine 1
(H1) antagonist to antagonize the effects of histamine, and some additionally
use a corticosteroid to target the inflammatory response. Other regimens also
include ephedrine for bronchodilation as well as cimetidine because of its an-
tagonism at the H2 receptor. If the patients’ history reveals a serious reaction to
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Table 1. Recommended treatment of adverse reactions to ICM

Symptoms Treatments
Mild Pruritus and urticaria Usually self-limited - no treatment
Moderate Mild to moderate urticaria Diphenhydramine (i.v., i.m., oral)
Mild to moderate bronchospasm  Supplemental oxygen and inhaled
[,-agonist
Severe bronchospasm High-flow supplemental oxygen;

inhaled B,-agonist; epinephrine (s.c./i.v.),
antihistamine (i.v.), corticosteroid (i.v.),
diphenhydramine (i.v.)

Facial and laryngeal edema Intubation in the setting of airway
compromise; high-flow supplemental
oxygen; inhaled (,-agonist; epinephrine
(s.c./i.v.), antihistamine (i.v.),
corticosteroid (i.v.),
diphenhydramine (i.v.)

Severe Hypotension with Elevate patient’s lower extremities;
brady-/tachycardia high-flow supplemental oxygen;
epinephrine (s.c./i.v.); i.v. fluid
resuscitation

Seizure Turn patient to their side to prevent
aspiration; high-flow supplemental
oxygen; diazepam (i.v.)

ICM, different premedications do exist. Here are only two examples for pre-
medication that can be applied before the next exam: (1) prednisone: 50 mg
orally 12-20 h and 2 h or (2) methylprednisolone 62.5 mgi.v. 12 and 2 h.

H1 antagonists or H1 blockers and possibly H2 antihistaminics should be
combined with the above-mentioned steroids, and should be given 30 min be-
fore ICM injection.

How to Minimize the Use of i.v. ICM during Radiological Procedures
Preinterventional Procedure

Awareness of the patient’s past medical history regarding the current fistula is
mandatory. If the patient had prior surgery, the interventionist should contact
the surgeon or should request the report. The surgical report should provide in-
formation about surgery date, region of anastomosis, surgical technique or type
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of access, as well as vessels being used, details about the dysfunctional shunt, or
any prior interventions.

Before starting the intervention, the team should examine the relevant region
using duplex sonography, which does not require any ionizing radiation or any
administration of ICM [31]. Duplex sonography allows to detect possible steno-
ses, occlusions with or without thrombus and aneurysms. Duplex sonography
prior to interventional procedures can reduce the amount of ICM as well as ra-
diation dose.

Patients with a known shunt problem need to be controlled quite frequently.
In these cases, the imaging procedure can only be focused on the shunt, which
saves time, radiation and volume of ICM.

To achieve optimal management of patients undergoing hemodialysis, the
following recommendations are made:

(1) Interventionists should be familiar with anatomy and potential hazards:

o Anatomical variants

o Individual pathology

o Access strategy

o Visualization of the preintervention road map, e.g. based on CT angiography
(CTA) or magnetic resonance angiography (MRA)

o Efficient use of the interventional unit (movement, zoom, shielding, etc.)

o Use of the road map acquired during first angiography

(2) Careful case planning including consideration of both potential complica-
tions and their adequate management.

Use of an ICM (200-400 mg I/ml) in a volume of 5-10 ml is possible (if im-
age quality allows, use a 1:1 dilution with normal saline; see fig. 3 and 4). Since
CIN is triggered by the amount of administered ICM, it is crucial, especially in
patients with renal function impairment, to use as minimal contrast medium
(CM) as reasonably possible. An amount of <10 g of iodine (approx. 25 ml
ICM with a concentration of 370 mg I/ml) per examination should be aimed
at for initial diagnosis. A recent study testing the compatibility of ICM with
trisodium citrate, a catheter lock solution as a replacement of heparin, suggests
that the catheter should be thoroughly flushed ex-vivo with saline if an ICM
has been previously injected. Otherwise, the potential for precipitation is in-
creased [32].

Check and report peripheral pulses after procedure. Document the interven-
tional procedure including the used material. Dialysis after intervention de-
pends on the patient’s condition, levels of electrolytes particular potassium and
dialysis schedule. In urgent cases, it is usually no problem to perform hemofil-
tration on the same day of intervention since hemodialysis has not been proven
to be effective [33].
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No zoom
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gland collar
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- Low current flow
- Low ‘pulsed’ fluoroscopy
Use of filter, e.g. copper

Fig. 2. Common protection setup to minimize ionization during intervention for patients
and physicians.

Minimizing lonization Risks: Techniques and Strategies

Radiation exposure of both patients and the staff should be closely monitored in
order to minimize it (fig. 2). There are several techniques and options to realize
the ALARA (as low as reasonable achievable) principle [34-36].

Optimized Radiation Doses to Patients

The surgeon influences the exposure of patients and thus must be trained in the
application of proper radiologic techniques. A first step is presetting fluoros-
copy and angiography parameters. The tube current time product (mAs) range
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and voltage (kV) determine X-ray energy and intensity. In patients, the exposed
anatomic region has a major influence on the amount of the required radiation
dose. Interventions in hemodialysis patients with surgically produced forearm
shunts (e.g. Cimino AVF) require much lower doses compared to patients with
abdominal interventions. Automatic exposure control measures the attenuation
of tissue density during the fluoroscopy and immediately adapts the current set-
tings for sufficient exposure. Therefore, it is important to keep possibly overlay-
ing high-density materials (e.g. lead shields) out of the beam. Modern technol-
ogy renders ‘smart’ X-ray beams with modified and patient-adapted energy
spectra, beam shapes, and frequency. As a general rule, exposure is reduced by
keeping the tube voltage as high and the tube current as low as possible.

The X-ray energy spectrum includes low-energy radiation that hits the pa-
tient but has not the energy to pass through. This radiation is not involved in
image generation and harmful to skin and superficial tissue. Thus, X-ray filters
are necessary. These X-ray filters consist of aluminum and copper, and absorb
the unwanted low-energy fraction of the X-ray spectrum, thus minimizing su-
perficial radiation injuries.

The X-ray generator can be set to produce the X-ray beam continuously or
intermittently. The intermittent X-ray beam, used during ‘pulsed’ fluoroscopy,
substantially reduces X-ray dose by applying a certain number of exposures per
second (frame rate) instead of a continuous exposure. The number of exposures
per second is usually chosen with regard to expected (hemo-)dynamics. Techni-
cally modern angiography tubes render frame rates of 0.5-30 per second. Major
dose savings are achieved when very low pulse frequencies are chosen. Newest
X-ray tubes also allow very short lengths of pulse itself (about 10 ms).

Collimator shutters (X-ray shades) are used to limit the exposed body area to
the necessary minimum field size. Besides the dose-saving effects, it reduces im-
age noise due to less scatter radiation. Magnification also increases radiation
doses and should be used only when high-resolution images are required.

Radiation doses during fluoroscopy are optimized by maximizing the distance
between the X-ray tube and the patient, and by minimizing the distance between
the patient and the X-ray detector. Surgeons have to control exposure time (beam-
on-time). Different projections reduce skin dose of smaller areas (fig. 3, 4).

Minimized Radiation Doses to Surgeons and Staff of Radiological Units

Both single radiation doses and number of radiation exposures should be kept
to a minimum for surgeons and staff. For sufficient protection, operators and
staff should be trained and supervised, and radiation doses should be controlled
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Fig. 3. Diagnostic DSA prior to intervention; image of fistula stenosis using 5 ml of con-
trast agent. a With a minimum amount of contrast agent, it is possible to use the ‘road
map’ technique to localize stenosis prior to balloon angioplasty. b Balloon angioplasty
without using i.v. contrast agent. The fluoro mode is focused with magnification at the
balloon, and only a screen shot has been taken to save radiation dose and to document
balloon performance. ¢ Outcome after PTA.

and documented. One simple step for protection is to keep as much distance as
possible to the X-ray source. All staff members that sojourn within the interven-
tion suite should protect themselves using personal equipment and X-ray shields
including lead aprons and lead thyroid collars. For weight reasons and flexibil-
ity, lead-rubber composite materials are used for protection wear, whereas the
thickness and efficacy in radiation absorption are labelled in the form of the
lead-equivalent value. The lead-equivalent value correlates with the thickness
(mm) of a pure lead layer. Sufficient radiation protection is mostly achieved with
alead equivalent of 0.7 on the body side that is directed towards the X-ray source.
Surgeons and other medical staff working in close relation to the radiation
source should wear leaded glasses. Leaded gloves are effective hand protectors

68 von Tengg-Kobligk et al.

Widmer MK, Malik J (eds): Patient Safety in Dialysis Access.
Contrib Nephrol. Basel, Karger, 2015, vol 184, pp 59-74 (DOI: 10.1159/000365823)



Fig. 4. Orientation in anatomical structures or guidance using foreign body markers for
further procedures like PTA or stent placement may significantly reduce the amount of
contrast agent for further procedures. a Diagnostic DSA prior to intervention, image of
high-grade in-stent fistula stenosis using 5 ml of contrast agent. b In-stent PTA, no con-
trast agent necessary. ¢ Outcome after in-stent PTA with a physiologic connection be-
tween a reopened artery and vein.

but may impair fine motor skills, and are often relinquished. To ensure effective
hand protection, hands should be kept out of the active X-ray beam.

X-ray shields are very effective for radiation protection. Suitable shields are
moveable, either using moveable frames with wheels and lead drapes or glass, or
ceiling-mounted lead acrylic windows. Their use in routine practice may be dif-
ficult in certain positions due to individual patient and equipment setup, but
they are highly effective when placed closely to the particular X-ray scatter
source (patient).

Occupational radiation exposure to surgeons and medical/radiological staff is
monitored by using personal dosimeter badges. These badges must be worn
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when working with radiation. They are best worn under the lead apron to assess
the body exposure. They allow for personal risk estimation, and are exchanged
on a monthly basis in many hospitals. Then, dosimetry records are reviewed and
annually reported to prevent overexposure to staff. For operators and staft with
a more excessive exposure further dosimetry devices are reccommended. Another
badge may be worn outside of the collar to document the radiation exposure of
the eyes. Interventionists should wear their ring dosimeters on the hand that is
closer to the X-ray beam. In the OR, these rings should be sterilized in alcohol
before they can be placed on one finger of the hand covered with two gloves.
Contrast-enhanced (CE) MRA can acquire a static 3D vascular tree in submil-
limeter resolution. Time-resolved CE-MRA would be feasible but temporal reso-
lution would be lower compared to conventional digital subtraction angiography
(DSA), e.g. one 3-D MRA data set within a few seconds (<5 s) is possible [37].
Prior to surgery, high spatial resolution steady-state CE-MRA of the upper ex-
tremity using the contrast agent Ablavar® (gadofosveset trisodium, Lantheus
Medical Imaging) may provide radiation-free submillimeter anatomy of arteries
and veins of the upper extremity [38]. However, in Europe Ablavar is not available
anymore, i.e. this method is not established for this indication and body region.

Alternative Imaging Methods in Patients with End-Stage Renal Disease

End-stage renal disease (ESRD) is defined as stage 5 of chronic kidney damage
(CKD), i.e. there is very severely reduced kidney function (end stage or ESRF/
ESRD) with less than 15% (eGFR <15 ml/min/1.73 m?) [39]. On the other hand,
ESRD includes patients treated by dialysis or transplantation, irrespective of the
level of GFR [40].

Duplex sonography is the gold standard prior to surgery for ESRD patients.
Other imaging modalities are all problematic or quite challenging in ESRD pa-
tients. A feasibility study by Bode et al. [41] showed that MRA can also be per-
formed without external contrast agent, which could be promising for ESRD
patients. However, image quality of the arteries and vessel to background ratios
were lower using non-CE (NCE) MRA. In addition, currently no shunt inter-
vention is being performed in the MR scanner in clinical routine.

In some clinical centers, CE-MRA is not an option anymore for ESRD pa-
tients due to the risk to develop nephrotic systemic fibrosis (NSF) [17], although
the safety profile of MR contrast agents with respect to hypersensitivity reactions
is very good [42].

Although the incidence of NSF has declined after 2006 [43], this adverse con-
dition is still a problem in the context of gadolinium-based contrast agents
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(GBCA), because of its unknown pathophysiology, its harmful character, and
the lack of an effective treatment. Therefore, prophylaxis is of great impact. This
means that all physicians who are involved in GBCA application should closely
observe the FDA or other national guidelines. High doses of GBCA should be
omitted in cases with eGFR <15 ml/min/1.73 m?, and GBCA with lower ther-
modynamic stability such as gadodiamide, gadopentetate dimeglumine, and
gadoversetamide are contraindicated in patients with eGFR <30 ml/min/
1.73 m? [44, 45]. The European Society of Urogenital Radiology published a
guideline on how to deal with ESRD patients and gadolinium-based CM for MRI
[46]. For patients with a GFR <15 ml/min/1.73 m? (CKD stage 5), it is recom-
mended to use the recommended CM with caution. If not available, only CM from
the group ‘lowest risk of NSF’ should be administered i.v.: gadobutrol (Gadovist®,
Bayer Healthcare), gadoterate meglumine (Dotarem®, Guerbet) or gadoteridol
(ProHance®, Bracco). For more detailed information, see Heverhagen et al. [47].

CO, angiography of an antebrachial dialysis shunt is contraindicated due to
the risk of cerebral gas emboli. Gadolinium-based intraarterial DSA used off-
label is not being routinely performed as an alternative because higher volumes
of GBCA are necessary, etc.

A relatively high radiation dose results if dynamic/multiphasic CTA is per-
formed. The required volume of i.v. applied CM is typically higher than for in-
traarterial DSA. The achieved vessel contrast-to-noise ratio is lower using CTA.
In summary, CTA is not considered as a real alternative imaging method.

Conclusion

Most patients under hemodialysis tolerate ICM given for CE shunt imaging very
well. Only a small proportion of patients acquire type A or B reactions (hypersen-
sitivity). Currently, there is no straightforward guideline for prevention of hyper-
sensitivity reactions. But in patients with a history of ICM-induced hypersensitiv-
ity (especially moderate and severe forms), a careful individual management
should be carried out in order to prevent similar reactions after ICM reexposure.

An image-guided, shunt-related intervention can be performed with small
amounts of a nonionic ICM. Radiation dose can be substantially reduced with
the latest technology and recommendations from experienced users.
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Abstract

More than 50% of all end-stage renal disease (ESRD) patients die from cardiovascular com-
plications. Among them, heart failure and pulmonary hypertension play a major role, and
published studies document significantly higher mortality rates in patients with these two
states. Arteriovenous fistulas (AVF) and arteriovenous grafts (AVG) are the preferred types
of vascular access (VA). However, both AVF and AVG increase cardiac output and in turn
could contribute to (the decompensation of) heart failure or pulmonary hypertension. No
really safe access flow volume exists, and the ESRD patients’ reactions to it vary consider-
ably. We review the mechanisms involved in the cardiovascular consequences of increased
cardiac output and available literary data. The link between access flow volume and in-
creased mortality due to pulmonary hypertension or heart failure probably exists, but still
has not been directly evidenced. Regular echocardiography is advisable especially in pa-
tients with symptoms or with high VA flow (>1,500 ml/min). ©2015 S. Karger AG, Basel

Recommendations to Improve Patient Safety

* Patients with vascular access (VA) should be checked for congestive heart
failure and pulmonary hypertension prior to and after access creation.

¢ Echocardiography is advisable prior to VA creation. If the finding is patho-
logical, consult a cardiologist.

¢ Any arteriovenous VA flow could be too high for a particular patient, but
always exclude other causes, such as inappropriate dry weight setting.

* Asymptomatic patients with arteriovenous VA flow >1,500-2,000 ml/min
could benefit from regular echocardiography (every 6 months).



Cardiovascular Morbidity in End-Stage Renal Disease Patients

The end-stage renal disease (ESRD) population is at a high risk of cardiovascular
morbidity, and more than 50% of ESRD patients die from cardiovascular com-
plications [1]. One of the typical features is accelerated atherosclerosis due to the
higher prevalence of many risk factors in ESRD patients, such as arterial hyper-
tension, diabetes mellitus and so-called uremic dyslipidemia. Moreover, several
specific factors contribute to the process including higher activity of subclinical
inflammation, increased level of ADMA (asymmetric di-methylarginine, an en-
dogenous inhibitor of nitric oxide synthase) and others [2]. Atherosclerosis
presents as coronary artery disease, cerebrovascular disease or peripheral vascu-
lar disease. Metabolic changes (parathormone and phosphate increase, vitamin
D decrease, etc.) lead to arterial stiffening and medial calcifications (‘arterioscle-
rosis’). Many ESRD patients suffer from left ventricular hypertrophy, which is
associated with myocardial oxygen supply impairment, left ventricular diastolic
dysfunction and increased mortality. Heart failure, another frequent condition,
has a multifactorial origin and will be discussed together with pulmonary hyper-
tension in detail below.

Heart Failure

Heart failure is present in up to 30% of new dialysis patients [3]. ESRD patients
with heart failure have significantly shorter lifespan than patients without this
condition. By definition, heart failure is a state when the heart is not able to
maintain adequate perfusion of the target tissues and organs at rest or during
exercise, or if it is able to do it only at the cost of higher filling pressures. The
left-sided heart failure is mostly leading to shortness of breath, fatigue, and de-
creased exercise capacity. The right-sided heart failure is usually presenting with
leg edemas and ascites. Many conditions could lead to heart failure. The most
frequent of them is the left ventricular systolic dysfunction (as a result of myo-
cardial infarction, dilated cardiomyopathy, myocarditis, etc.), described rough-
ly by the ejection fraction, which is the relation of the stroke volume and end-
diastolic volume (normal value >50%). Another cause of heart failure is left ven-
tricular diastolic dysfunction, which corresponds to the impaired diastolic filling
due to impaired relaxation and myocardial compliance. This so-called heart fail-
ure with preserved ejection fraction (HF-PEF) is encountered in patients with
left ventricular hypertrophy or its disperse fibrotization. However, a newly
emerging concept of HF-PEF suggests that in a substantial proportion of pa-
tients this condition is caused by increased stiffness of great arteries leading to
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Table 1. Specific factors contributing to the development of heart failure in the ESRD
population

Volume overload between dialysis sessions

Arterial hypertension (present in >80% of all patients)

Cardiovascular calcifications (valvular disease, higher arterial stiffness)
Anemia

Inflammation

Vascular access flow volume

Arrhythmias (caused by sympathetic activation and ionic changes)

an inappropriate afterload increase, which requires compensatory mechanisms
leading to prolongation and alteration of myocardial relaxation. Further mech-
anisms of heart failure in ESRD patients include moderate to severe valve steno-
sis or regurgitation, arterial hypertension, arrhythmias, etc.

In ESRD patients, there are also other specific and significant factors contrib-
uting to the development of heart failure (table 1). These include volume over-
load between dialysis sessions, the amount of blood flowing through the arterio-
venous shunt and anemia. Their role will be discussed in detail below.

Pulmonary Hypertension

Pulmonary hypertension is, by definition, a state when the mean pulmonary arte-
rial pressure at rest is >25 mm Hg. Symptoms of pulmonary hypertension include
shortness of breath, dizziness, fainting, leg swelling and others. A recent study
found 38% prevalence of pulmonary hypertension among ESRD patients. This
condition was associated with a >2-fold increase in all-cause mortality indepen-
dent of other risk factors [4]. Another study found up to 56% prevalence of pul-
monary hypertension in ESRD patients [5]. Many factors contribute to its devel-
opment. They include volume overload, left ventricular failure, arterial hyperten-
sion, vascular access (VA) flow and the complex metabolic changes of ESRD [6].

The gold standard for the measurement of pulmonary arterial pressure is
right-sided catheterization. However, this invasive procedure has a limited ap-
plication in common clinical practice. Alternatively, the pulmonary artery pres-
sure (mainly systolic) could be estimated by echocardiography. There is a large
number of pulmonary hypertension signs on echo, but the most precise is the
measurement of the peak tricuspid regurgitation gradient (if present). By adding
the estimation of the central venous pressure, we could estimate the systolic right
ventricular (and pulmonary arterial) pressure.
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Hemodynamic Changes Associated with Vascular Access
Heart Failure

Physiologically, the blood flow through extremities is regulated mainly by the
peripheral vascular resistance, that is by the tone (and diameter) of resistant ar-
terioles. Under resting conditions, the flow is low (for example flow volume in
the brachial artery is 60-150 ml/min [own unpubl. data]). However, during a
muscle work, the flow increases several times. Arteriovenous fistulas (AVF) and
arteriovenous grafts (AVG) used in ESRD patients bypass the resistance arteri-
oles. The resulting access flow (‘normal values’ range between 600 and 1,500 ml/
min) is 10-20 times higher than the normal values of the resting extremity; high-
er values are especially in the more proximal VA. Moreover, such values repre-
sent about 10-30% of resting cardiac output (CO; normal values range between
4 and 6 I/min in adults). If we compare all these values, there is no surprise that
creation of VA could cause heart problems. The concept of effective CO, that is
the real CO minus access flow, has been introduced [7]. Surprisingly, there are
still only few experts believing that higher access flow is truly toxic for the heart
and that it is associated with shorter lifespan of the dialysis patients.

The reason why AVF issues remain controversial is that our evidence of fistu-
la-related deleterious cardiac changes is limited. In the literature, we have 3 groups
of studies: (1) the effect of AVF in animal models; (2) the effect of AVF creation
in humans, and (3) the effect of flow-reducing procedures or fistula closure.

Aortocaval fistula in rats is a frequently used model of (hyperkinetic) heart
failure. The rats develop cardiomegaly and pulmonary hypertension, and die
earlier than the animals without this fistula [8]. Different expression of as many
as 66 proteins was found by this group in the hearts of AVF rats.

Human Studies of the Consequences of AVF Creation

Shortly after access creation, CO increases due to both left ventricular ejection
fraction and heart rate increase [9]. These changes are probably driven by the
decrease in systemic vascular resistance (caused by the arterial anastomosis of the
VA) and by the increase of preload (venous return to the heart). Such changes
could be considered rather physiological. However, within some weeks after ac-
cess creation, Iwashima et al. [10] observed also an increase in the left ventricular
diastolic diameter; the indices of diastolic left ventricle function worsened, and
levels of natriuretic peptides increased. The rise of B-natriuretic peptide (BNP)
correlated with the diastolic function (E/A ratio, which is early/atrial left ven-
tricular filling). Similar findings were observed in our center in a group that had
their first VA with the access flow volume of only 789 + 361 ml/min 6 weeks after
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access creation [11]. Even treatment of access stenosis by the balloon angioplasty
could lead to a pulmonary edema because of the sudden increase in access flow
[12]. There are only very limited data of the medium- or long-term effect of ac-
cess creation on the heart. In our study [11], 6 months after access creation, we
observed a trend of BNP decrease despite somewhat higher access flow than at 6
weeks. In an interesting study by Movilli et al. [13], the patients were echocardio-
graphically evaluated 6 months after fistula ligation due to long-term malfunc-
tion and conversion to a permanent catheter. Left ventricular mass decrease after
access ligation was associated with an increase in ejection fraction.

Effects of Flow-Reducing Procedures or Fistula Closure

Hemodynamic changes occur even during short arteriovenous access compres-
sion, as was shown already in the early 1970s [14] - increase in systemic vascular
resistance associated with the decreased CO due to slower heart rate. Chemla et
al. [15] monitored the effect of surgical flow reduction by the distalization of the
anastomosis technique in a group of patients having very high access flow (3,135
+ 692 ml/min, minimum 1,600 ml/min) and overt (hyperkinetic) heart failure
with the mean CO of 8.0 I/min. After the procedure, the mean access flow
dropped to 1,025 ml/min and the mean CO to 5.6 I/min. Similar findings were
observed also by other authors [16, 17].

Pulmonary Hypertension

Normal resting pulmonary artery mean pressure (PAMP) is less than 25 mm Hg.
This value is the sum of the left atrial pressure (LAP) and the pressure gradient
needed to shift blood from the pulmonary arteries to the left atrium (fig. 1). The
latter is called transpulmonary gradient (TPG). Therefore, TPG = PAMP - LAP.
Pulmonary artery pressure depends on pulmonary vascular resistance (PVR) and
also on the CO. The latter may change due to various reasons, in particular due
to physical exercise. According to hemodynamic studies [18], physical exercise
in healthy older people (especially >70 years) leads to an acute increase in PAMP
more than in younger people. If CO doubles (e.g. from 5 to 10 I/min), PAMP and
LAP rise approximately twice. This phenomenon is likely due to the worsened
diastolic function of the left ventricle in the elderly. As we already mentioned, left
ventricular diastolic dysfunction is frequently associated also with ESRD.

The hemodynamics of pulmonary circulation are best described by using the
concept of PVR [PVR = TPG/CO or (PAMP - LAP)/CO]. From this equation, it is
obvious that PVR is dependent on age (in parallel with PAMP). TPG increases with
increasing CO in all age categories, but the differences are much smaller. Finally,
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PVR = TPG/CO

PAMP = CO/PVR + LAP

TPG = PAMP — LAP

LAP

Fig. 1. Hemodynamics in normal patients and changes after VA creation. PAMP normal
values <20-25 mm Hg; LAP <12 mm Hg; TPG <12 mm Hg; CO 4.0-6.0 |/min; PVR = TPG/
CO or (PAMP - LAP)/CO.

another formulation of this equation (PAMP = CO/PVR + LAP) can explain how
the AVF could influence the pulmonary artery pressure. CO is increased by the AVF
(and also by anemia, volume retention etc.). Indeed, pulmonary hypertension was
more frequent in a group with proximal VA (mean flow 2,500 ml/min) than in dis-
tal accesses in the study by Beigi et al. [19]. Case reports of severe pulmonary hyper-
tension caused by large AVF and its reversal after fistula ligation have also been
published [20]. This observation may be explained by secondary pulmonary vascu-
lar changes primarily induced by an increased CO. These may be responsible for the
observation that in a group of 20 prospectively evaluated patients before and after
fistula creation, pulmonary hypertension did not correlate with fistula flow [21].

Other Hemodynamic Consequences

According to case reports, other consequences of AVF flow include the risk of
the benign intracranial hypertension as a result of the chronically elevated cen-

80 Malik - Kudlicka - Tesar - Linhart

Widmer MK, Malik J (eds): Patient Safety in Dialysis Access.
Contrib Nephrol. Basel, Karger, 2015, vol 184, pp 75-86 (DOI: 10.1159/000365499)



Table 2. Creation of AVF or AVG should probably be avoided in the following groups of
patients

Patients with very short life expectancy (<3-6 months)

Patients with severe heart failure with systemic hypotension’

Patients with severe pulmonary hypertension?

Patients with the presence or high risk of hand ischemia

Patients having a coronary artery bypass with the use of the left internal mammary
artery - restriction of the left-hand access

! Reversible causes, such as valvular or coronary arterial stenosis, should be excluded as
well as inadequately low setting of the dry weight.
2 Reversible causes should be excluded (especially pulmonary embolism).

tral venous pressure [22]. After the closure of a long-term AVF, a true aneurysm
of the feeding artery could occur [23]. Hand growth retardation can develop in
children on the side of the fistula [24]. Acute cardiorenal failure was attributed
to high-flow fistula in a patient after kidney transplantation [25]. The explana-
tion for these contradictory findings is in the multiple etiology of pulmonary
hypertension in ESRD patients.

Safe Access Creation - Cardiological Examination prior to Surgery

Based on the potential cardiovascular adverse effects of AVF, it may seem that
the best VA is a permanent catheter. However, patients with catheters have a
higher mortality, especially due to infections [26]. The vast majority of patients
tolerate AVF and AVG well. The choice between the latter two depends mostly
on local factors, but the native fistula should be preferred.

The latter recommendations (table 2) mirror the authors’ experience because
the official guidelines do not cover this topic. A close cooperation of the ne-
phrologist, vascular surgeon and cardiologist is advisable.

Cardiac Safety in Access Maintenance

Harmful hemodynamic consequences of the arteriovenous shunt described in
this chapter are, fortunately, not very common. Moreover, although we know
that heart failure and/or pulmonary hypertension are associated with signifi-
cantly shorter lifespan of dialysis patients, there is up to now no evidence of a
direct link between high access flow and increased mortality. Many patients tol-
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erate access flow 2-3 1/min without symptoms, although the question for how
long remains. Heart failure and pulmonary hypertension associated with higher
access flow are usually reversible and disappear after flow reduction surgery.
Therefore, the emerging questions are: (1) When is access flow too high? (2)
Who and when should be examined for possible complications?

The answers to these questions cannot be simple. Numerically, access flow is
considered high when it exceeds 1,500-2,000 ml/min [2]. Such values represent
more than 30% of resting normal CO, so the patients could be at risk of heart
failure and/or pulmonary hypertension. These patients are examined by echo-
cardiography twice per year in our center, even if they have no symptoms. Left
ventricular dilatation and/or decrease in its ejection fraction are the most com-
mon indications for flow-reducing surgery. Other authors recommend the rela-
tion of access flow to CO suggesting a cutoff value of 0.3 [27, 28]. Figure 2 sum-
marizes the algorithm in the creation and maintenance of VA.

Since any access flow could be too high for a particular patient in his/her
particular state, the clinical approach seems to be more practical and appropri-
ate. Clinical symptoms of heart failure or pulmonary hypertension should lead
to a careful examination of the patient, and the access flow should play only a
minor role. Practically, it is important to keep in mind that both heart failure
and pulmonary hypertension significantly depend on the patient’s actual hy-
dration status. The latter changes with hemodialysis and significant reduction
of left ventricular size and mass occur after hemodialysis [29]. Furthermore,
the correct setting of dry weight plays a fundamental role. Inadequately high
dry weight setting frequently leads to shortness of breath and fatigue. In these
patients, echocardiography often reveals signs of left ventricular systolic (and
diastolic) dysfunction, valve regurgitation and pulmonary hypertension.
Echocardiography should also estimate the actual central venous pressure (by
the inferior vena cava diameter and the level of inspiratory collapse). An at-
tempt to lower the patient’s dry weight value should be done prior to further
cardiological investigation! Other causes of heart failure, such as treatable ar-
rhythmia, coronary artery disease, valvular disease, etc. should always be ex-
cluded.

Access Flow Measurement

Several methods are used for the VA flow volume measurement during hemo-
dialysis [30]. Mostly, they are based on dilution techniques and are used for
early detection of access stenosis. However, they are important also in terms of
systemic hemodynamics. It should be especially kept in mind that the obtained
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Patient with ESRD

!

Check for clinical signs of
congestive heart failure or
pulmonary hypertension

e N

No Yes

OK Cardiological

/ examination

VA creation \

Severe

AVF/AVG with High-flow VA irreversible heart
normal flow (>1,500 ml/min) failure or
pulmonary

hypertension

Echocardiography
every 6 months

/ \ Tunneled CVC

No signs of

Signs of heart
heart failure

failure

Intervention for flow
reduction

Fig. 2. Algorithm for patients with a (risk for) heart failure. CVC = Central venous catheter.

values vary, depending on actual hemodynamic status, hydration, blood pres-
sure, cardiac rhythm, etc. Physiological access flow variation was observed in an
interesting study — the mean coefficient of variation was as high as 23.3% [31].
During echocardiography or vascular sonography, the access flow can also be
calculated using a linear high-frequency probe, as shown in figure 3.
The access flow should be measured in a straight vascular segment without
excessive dilatation by the longitudinal section. It is based on multiplying the
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TAMAX 143.44 cm/s
Pl 0.41
Accel 270.96 cm/s2
TAMEAN 91.86 cm/s
VolFlow 1246 ml/min|

Fig. 3. Access flow measurement by means of duplex Doppler ultrasonography.

cross-sectional area and time-averaged mean velocity (TAMEAN - see fig. 3),
that is by the equation ir> x TAMEAN. The chosen segment should be at least
5 cm away from the anastomosis, stenosis or other major irregularity. It is much
easier to find such segment in AVGs. Flow can be measured in the venous out-
flow of a native AVF when the diameter is not too wide (<7 mm), the course of
the vein is straight, and when there are no significant side branches stealing
blood from the main venous outflow. To overcome these limitations, it is recom-
mended to measure the flow volume in the brachial artery at least 5 cm proximal
to the anastomosis, bearing in mind that less than 100 ml/min of blood flow is
consumed by the tissues below the level of the anastomosis. We advise to mea-
sure the access flow in a given patient always on the same level in order to be able
to compare successive measurements.

Conclusions

A well-functioning VA is mandatory for the adequate hemodialysis therapy. As
compared to catheter-based approach, AVF creation is associated the lowest rate
of complications [32], and a vast majority of the patients tolerate it very well.
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However, the ESRD population is polymorbid, and the access flow could be one
of the mechanisms involved in the development of heart failure or pulmonary
hypertension, which might shorten their lives. Although there is limited hard
evidence, clinical series and case reports suggest this causal relationship. The
reduction of an inappropriately high access flow may lead to considerable im-
provements in patients’ hemodynamics and symptoms. Only multidisciplinary
cooperation can assure the best diagnostics and care.
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Abstract

In the last years, simulation training has become widespread in different areas of medi-
cine due to social expectations, political accountability and professional regulation. Dif-
ferent types of simulators allow to improve knowledge, skills, communication and team
behavior. Simulation sessions have been proven to shorten the learning curve and allow
education in a safe environment. Patients on dialysis are an expanding group. They often
suffer from several comorbidities and need complex surgical procedures with regard to
their dialysis access. Therefore, education in evidence-based algorithms is as important
as teaching of practical skills. In this chapter, we are presenting an overview of available
dialysis access training modalities. We are convinced that simulation will become more
important in the near future and has a substantial impact on strategies to improve as-
pects of patient safety. ©2015 S. Karger AG, Basel

Recommendations to Improve Patient Safety

e Simulation training in vascular access should be established rigorously to
learn the concepts and technical skills of dialysis access surgery.

* Simulation training and workplace assessments with good quality feedback
help to uniform the procedures practiced in an institution and therefore
may reduce the risk for errors.

* More and more sophisticated and commercially available models to train
dialysis access surgery are ready for use.

* The numbers of professional workshops for simulation with feedback by
experts are growing.



Introduction

In the last decade, pressure from political and social institutions and organiza-
tions (i.e. the patient safety initiative) as well as new technologies in the clinical
setting had a strong impact on educational programs of health care professionals
[1]. After simple part-task trainers, more sophisticated simulators were devel-
oped. Electronics and informatics made it possible to construct computer-based
systems to train in virtual reality and even with haptic systems. Integrated high-
fidelity simulators allow, depending on ‘deposited’ curves and datasets, to make
decisions during the exercise. Standardized patients help to train communica-
tion skills and to assess professionalism because these persons can give direct
feedback to the performer. In simulated environments, like the operating room
or an intensive care unit, team training facilitates interprofessional education
[2]. Table 1 gives an overview of dimensions of simulation and the characteris-
tics of different simulators with examples. The chapter will focus on training
models to improve patient safety in different aspects of vascular access (VA)
creation.

Advantages and Benefits of Simulation

For high-reliability organizations like aviation, the nuclear power industry and
fire fighters, simulation is vital to train for unexpected situations. In health care,
simulation training is important to shorten the learning curve and therefore to
improve patient safety. Additionally, simulation is a safe way to teach and learn
use of new and innovative technical devices, where risks are involved.

Working hour restrictions, the shift from open surgery towards endovascular
procedures and patients with more complex vessel pathology are factors making
simulation an additional attractive teaching tool.

In 2012, we performed a study during a 3-day workshop on basics in vascular
surgery run by the Vascular International Foundation and School (www.vascu-
lar-international.org). The performance of a femoral thrombendarterectomy
using a patch plasty by 43 participants was rated using a Likert scale from 1 (=
poor) to 10 (= excellent) by 3 tutors. There was an evaluation at the beginning
of the course and at the end. Independently, three other raters evaluated the per-
formance and the patch quality after the workshop. A wrong side placement of
the patch was rated zero.

Participants improved in median performance from 6 (4-7.5) to 7 (5-9; p <
0.001), and median patch quality improved from 3.3 (1-6.7) to 6.7 (1-9; p <
0.001; fig. 1). These results are similar to current research in the same field and
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Table 1. Dimensions of simulation and types of currently available simulators [1, 3 - 7]

a Dimensions of simulation

Dimension

Examples of categories

Purpose and aims of the simulation activity

Training, assessment

Unit of participation in the simulation

Individual, team, organization

Experience level of simulation participants

Medical school, residency, continuing medical education

Health care domain in which simulation is applied

Radiology, surgery, primary care

ik iwWw|iN|=

Health care discipline of personnel participating in
the simulation

Aids, nurses, physicians, managers

6 Type of knowledge, skill, attitude, or behavior
addressed in the simulation

Conceptual understanding, technical skills, decision
making, behaviors

7 Age of the patient being simulated

Infants, adults, elderly

8 Technology applicable or required for simulations

Role playing, standardized patients, part-task trainer,
computer patient, electronic patient

9 Site of simulation participants

Home, office, dedicated laboratory, replica of clinical
environment, work unit

10 Extent of direct participation in simulation

Remote viewing with verbal interaction, direct on-site
hands-on participation

11 Feedback method accompanying simulation

Automatic critique by simulator, real time critique by
instructor, video-based post hoc debriefing

b Types of simulators

Characteristics

Examples and/or goals

Part-task trainer Skills performance

Models to perform vascular
anastomoses

Computer programs
no technical skills training

Multimedia programs, independent learning,

Interactive CD-ROM:s to train
knowledge using graphics, pictures or
even videos

Models to train endovascular

Virtual reality and haptic

Various level of difficulties, possibility to simulate

systems complications, objective assessment, haptic procedures
models with feedback on touch, high initial costs
Integrated simulators Model or instructor driven, life-like representation ~ SimMan

(hi-fidelity simulators)

of body parts, generating realistic monitoring
data

Simulated patients

Realism, direct feedback, train nontechnical skills
and professionalism

Training of clinical situations (i.e.
breaking bad news)

Simulated environments

To train nontechnical and technical aspects

‘Virtual’ operating room

Human cadaver models

Accurate anatomy, no complications, limited
availability, high costs

Exposure of anatomical complex areas,
simulation of complex
revascularizations

Living animal models

Realism, mimic complications, different anatomy
from human, ethical issues, high costs

Soft tissue and vessel preparation,
performance of vascular anastomoses,
damage control
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Fig. 1. Simulation significantly improves performance and patch quality.

could also be documented for a thrombendarterectomy using a pulsatile carotid
model [8, 9].

Besides the setting and the quality of the models, feedback is a central issue
in order to benefit from simulation training. The concept of a practical demon-
stration of an exercise followed by the performance in a team of two is feasible,
as well as to have one experienced tutor supervising 4 participants (fig. 2). Teach-
ers should symbolize operative skills and be trained to give adequate feedback
with empathy, first outlining the excellent performance and second correct and
add points of potential improvements [10, 11].

As far as we know, in VA surgery only a limited number of models in few
institutions are available at the moment. So far, this made it impossible to con-
ceptualize a dedicated course in which all aspects of VA surgery could be covered
as a whole, preparing a technical manual and providing theoretical background
information. We think that especially in access surgery, where decision-making
is so important, ‘the mind behind’ is key.

Simulation Models and Training Opportunities

In this paragraph, we will present some simulation models which we are familiar
with, knowing that there may exist others. In order to push the effort in simula-
tion, the authors would be grateful to gather more information of available fa-
cilities and models for VA training.
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Fig. 2. Live demonstration by video transmission to show technical details in VA creation
during a workshop.

Training in Duplex Ultrasound, Catheter Placement and Cannulation

All guidelines stated that duplex ultrasound (US) is an important tool in the de-
cision making process of VA creation. In the last years, many societies developed
curricula in which duplex US training takes part. It is reasonable that organiza-
tions and institutions offer workshops to teach the basics of duplex US with a
focus on VA. This would allow the surgeon to perform correct vascular mapping
including assessment of the arteries before VA creation. Such courses can be eas-
ily organized at low costs. First, healthy volunteers can be examined and later
patients with end-stage renal disease (ESRD), often highly motivated to partici-
pate because there is no risk involved.

In anesthesiology, training models for the placement of central venous
lines have been available for years. To improve patient safety, the use of mi-
cropuncture sets and/or the use of ultrasonography to puncture the internal
jugular vein correctly are standard procedures. In VA surgery, the placement
of tunneled catheters is part of the daily caseload. Trainees should be familiar
with different types of catheters and advantages or disadvantages of an ante-
grade and retrograde placement of a tunneled central venous catheter. An in-
ternet search for simulation and central venous catheter showed that there are
different mannequins on the market to train these interventions (www.simu-

Simulation in VA Surgery 91

Widmer MK, Malik J (eds): Patient Safety in Dialysis Access.
Contrib Nephrol. Basel, Karger, 2015, vol 184, pp 87-96 (DOI: 10.1159/000365825)



lab.com; www.bluephantom.com; www.limbsandthings.com; www.3-dmed.
com). Some of the mannequins have pulsatile flow, different fluids to mark
venous and arterial blood and an artificial skin that allows US visualization of
the vein.

The peritoneal dialysis access catheter placement simulation is ideal to teach
aviation safety principles emphasizing the importance of knowing basic facts,
such as the tools and instruments needed for the procedure and how the use of
checklists improves patient safety. An abdominal simulator is currently under
development for the laparoscopic technique of placing the peritoneal dialysis
catheter [12].

Dialysis access cannulation conduit simulators use US guidance to place di-
alysis needles under pressure and are filled with red-colored fluid to show prop-
er needle placement. The hands-on simulation with a biological VA model con-
sists of performing several US-guided punctures of a large vein or a dialysis
access. This phase of the practical session is structured on a step-by-step ap-
proach towards the skills that the trainee will progressively achieve: these ‘Sev-
en Turkey Steps’ use an easy-to-make, inexpensive simulator, consisting of a
turkey thigh, with a rubber tube inside. The seven steps, divided into three
phases, are detailed elsewhere [13]. This biological simulator is being replaced
by completely artificial silicon devices that are less cumbersome to transport
and assemble [12].

Simulator for Percutaneous Interventions

The computerized percutaneous interventional simulator coupled with end-of-
case metrics promotes consistency and shifts the trainee to a higher level of com-
petency. The simulator recreates the feel (haptic), and visually allows the opera-
tor to ‘treat’ an arteriovenous dialysis graft stenosis by placing a guide wire
across the venous stenosis, and to select an appropriately sized angioplasty bal-
loon, perform angioplasty, and finally deploy a suitably sized FDA-approved
stent graft at the treatment site. Throughout the simulation exercise, an instruc-
tor supervises the trainee, while making decisions and technical maneuvers that
will either lead to successful completion or failure (with the opportunity to re-
peat the steps where errors were made). Upon completion, ‘metrics’ summariz-
ing performance is provided. The goal is for the trainee to select and use the
implantable stent safely and effectively [14].

This is similar to carotid stenting where the FDA requires training using
simulation in the certification process to perform such procedures. These FDA
standards should also apply to ESRD patients’ care and safety [15].
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Fig. 3. New pulsatile arm model with more than eight possibilities to create VA. a The
whole model. b Detailed view of how an anastomosis is created.

New Pulsatile Arm Model

During the Charing Cross Symposium in April 2013, Vascular International
Foundation and School presented a new pulsatile arm model allowing to per-
form more than eight different VA modalities like snuff box arteriovenous
fistula (AVF), cephalic AVF, basilica transposition or arteriovenous graft
placement (fig. 3). Also a DRIL (distal revascularization-interval ligation) pro-
cedure and new devices like hybrid prostheses can be placed within this mod-
el. All material can be put in an easily transportable box of 50 x 30 x 20 cm. To
prepare a training session, the arm model is loaded with inlay vessels, which
are then connected to a pump. An artificial skin will cover the whole arm. Us-
ing a wedge, the model can be placed in an ideal position. Exercises are per-
formed under pump pressure to check the quality of arteriovenous anastomo-
ses. Important is the knowhow of dedicated workshop leaders and tutors and
the mind behind teaching not only the technical details but also concepts of
VA creation. Short key lectures to teach VA concepts and decision-making
algorithms, a manual with many illustrations, and live demonstrations to in-
troduce each model help trainees to improve their performance. The feedback
of the first 1.5-day workshops (11/2013 and 5/2014) with this new model was
promising. Vascular International School is willing and interested to run such
workshops in collaboration with other organizations dealing with education
all over the world [16].
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Training on Cadavers

In the past, cadaver training was the only way to perform VA training. Fresh
cadavers may pose a hygienic issue, although newer and more expensive tech-
nology is available to prepare the human bodies with the “Thiel” solution, which
eliminates bothersome odors. Dissection in the subcutaneous tissue is some-
what different, but the behavior of the blood vessels is quite realistic. It is even
possible to prepare a torso and arms to learn how to perform more complex, so
called exotic VAs in the neck and breast area. The European Society of Vascular
Surgery in collaboration with the Vascular Access Society (Wwww.esvs.org, www.
vascularaccesssociety.org) and the European Vascular Course (www.evc.org)
offer such workshops.

Communication Skills Simulation consists of prerecorded simulation case
videos highlighting communication skills. It emphasizes ways to improve pro-
cesses, listening skills and patient treatment adherence, thereby improving the
quality of patient care [17].

Skills and Knowledge Transfer from Simulation to the Real Operation

Simulation training is only the first step to become a competent VA surgeon.
Besides passion for the task and theoretical knowledge, experience and train-
ing in the operation theatre is essential. As soon as you are there, you will un-
derstand how different reality looks from simulation on a first-generation
plastic model. However, in this situation, the trainee should remember the
steps he has learned during the workshop. Before taking your knife, check for
the landmarks and mark your incision(s). After careful exposure, check that
the vessels are well enough prepared to perform an anastomosis without limi-
tations. Be aware not to twist the outflow vessel and to make the anastomosis
in the correct anatomical position. As supervising surgeon, give balanced feed-
back after the procedure. From time to time, a formal workplace assessment
with a structured feedback can be helpful [18, 19]. During the performance,
trainees have to make their own decisions, building up self-confidence. In the
assessment itself, technical aspects can be evaluated and documented, and
learning objectives for the next step can be formulated. Finally, institutions can
use these assessments to establish a ‘unité de doctrine’ based on strict policies
and procedure manuals, including checklists and briefings to assure patient
safety.
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Outlook

The trend in peripheral vascular surgery towards endovascular procedures will
bring VA surgery in the focus as first-line procedures for young trainees, who
have to learn to perform anastomoses in vessels with 2- to 3-mm diameters. In
regard of patient safety, hands-on training is mandatory to give an insight into
concepts of VA creation and also into technical skills. Such workshops have still
not been well established so far. In fact, simulation in dialysis access procedures
is still in its infancy. In order to improve this shortcoming, key players of differ-
ent organizations and vascular societies must collaborate intensely to support
and improve simulation training in this field, preventing harm to the vulnerable
ESRD patient.
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Abstract

Operating room (OR) team safety training and learning in the field of dialysis access is well
suited for the use of simulators, simulated case learning and root cause analysis of adverse
outcomes. The objectives of OR team training are to improve communication and leader-
ship skills, to use checklists and to prevent errors. Other objectives are to promote a
change in the attitudes towards vascular access from learning through mistakes in a non-
punitive environment, to positively impact the employee performance and to increase
staff retention by making the workplace safer, more efficient and user friendly.

©2015 S. Karger AG, Basel

Recommendations to Improve Patient Safety

A dialysis access global safety mission is: To do the right thing for your pa-
tient at the right time, in the right amount, for the right reason within the
framework of your conscience, skills, and knowledge modeled by the cul-
ture and society laws in which you live.

A continuous improvement operating room (OR) safety program must
change its culture of error management using punitive measures, blaming
the individual. Just culture implies a workplace environment where balanc-
ing safety and accountability recognizes the human contribution to failure
in complex systems.



¢ Health care safety has much to learn from commercial aviation, with a cur-
rent unprecedented safety record facilitated by simulation.

¢ The use of effective customized checklists and briefing at various stages are
key components to OR safety.

¢ Debriefing after surgery is a uniquely effective safety improvement tool,
where the lead surgeon conducts a discussion of problems as well as rein-
forces excellent team performance.

Introduction

Incidents that may harm patients are related to the health organization but also
to contributory factors, care delivery problems and missing defenses and barri-
ers (fig. 1). We learned in the past years a lot from civil aviation how a safety
culture can be established. In medical education, beside a teaching culture we
need a feedback culture to change the behavior and make people report ‘unex-
pected outcomes’ in their field, and to end up with a safety culture.

In dialysis access surgery, diagnostic and therapeutic procedures have be-
come increasingly challenging owing to continuously developing innovative
techniques and the aging population with concurrently increasingly comorbid-
ity. Behavioral cultural change and error reduction are keystones for a safety
program. The outcomes of safety programs will ensure that the participants have
a greater awareness and understanding of how human factors (HFs) and perfor-
mance limitations can lead to unsafe practice. Training of the team identifies
clues that reveal an incipient error chain and select and apply appropriate inter-
vention strategies. For maximum effectiveness, complete organizational in-
volvement is required. A key challenge for leaders is to communicate the need
to the rest of the organization and to establish a strong commitment from top
management down.

Lessons from the Flight Deck

The HF training, also known as crew resource management, is mandatory for
all commercial airlines by the International Civil Aviation Organization, the
regulatory body of the United Nations. As with high-liability industrial set-
tings, many medical institutions now are also adopting safety practices and
training concepts proven successful in aviation, particularly in the operating
room (OR), emergency rooms and ICU settings [2-5]. HF training helps work-
ers avoid operational errors that have led to accidents, and identifies existing
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Organization Contributory factors Care delivery Defenses and
and culture problems barriers

Work/environment

factors
Unsafe acts I
Team factors

decisions and w
organizational Individual (staff)
process factors

Errors

Task factors
Patient factors

Latent failures Error- and violation- Active failures
producing conditions

Fig. 1. Organizational accident model modified from Reason [1].

and potential safety threats. Furthermore, it facilitates development, commu-
nication, and implementation of plans and actions to avoid and mitigate er-
rors. Secondary benefits are improved morale and enhanced efficiency of op-
erations. OR safety is an interdependent process carried out by teams of indi-
viduals with advanced skills training in different roles and decision making
responsibilities.

The Dialysis Access Team Training Concept

Three basic components constitute dialysis access OR safety team training. First,
team members must have knowledge from formal medical school and continu-
ous postgraduate training. Second, workplace safety comes from skills, training
on the job, experience from practice, and more recently by incorporating simu-
lation as part of skills training [6]. There is no substitute for knowledge and skills
to achieve safety. In fact, many medical institutions use more training and more
knowledge as a means of dealing with ‘mistakes’ and ‘near misses’ in a blame and
shame culture that still commonly prevails in health care, mainly targeting the
individual [2, 3]. The third component deals with the HF role contributing to
safety. It entails many things related to human nature, behavior and drive [7-9].
James Reason has written extensively in this field [1, 2]. Cultural shifts in medi-
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cine are necessary if the HF approach is to be effective as medical professional
training and education have traditionally focused on developing technical pro-
ficiency rather than facilitating human interaction. Sidney Dekker bridges the
success of the aviation safety records into the medical field in his book entitled
Just Culture [3]. Over the last 4050 years, there has been a shift in the emphasis
of root causes of accidents and consequently what can be done to improve safe-
ty. While in the past aviation and high liability industries in the 1960s and 1970s
concentrated on mechanical (hardware) failure (often for good reasons), in the
1980s and 1990s emphasis shifted to blaming the individual for accidents by
making mistakes. More recently, accident investigations and safety improve-
ment experts have been focusing on HF and how people interact with systems
and cultural issues [2]. The health care industry is also starting to discuss system
problem. However, it continues to lag behind aviation and has much to learn
from previous experience.

Safety training improves overall patient care, yet OR teams do not routinely
engage in simulation training [10]. Dialysis access simulators range from simple
suturing learning devices, inexpensive pressurized tunneled graft conduits sys-
tems for central vein catheter insertion and cannulation of the access, to com-
puter-designed simulators to teach interventional procedures and simulated
case learning. Simulation introduces new techniques in dialysis access through
a variety of hands-on experiences. Each training module utilizes simulation
technology, delivering examples of how simulation training can advance the
field of dialysis access management [11].

The Error Chain and Root Cause Analysis

OR crisis events are often the results of unforeseen internal or external prob-
lems, and can frequently be attributed to human cognitive error or complex sys-
tem safety cultures. There is seldom a single cause leading to an accident. The
‘error chain’ is a concept to describe human error accidents as the result of a
sequence of events that, uninterrupted may culminate in serious injury and
death. The links of these error chains are identifiable by means of up to ten ‘clues’
(table 1). Recognizing and breaking one link in the error chain will likely prevent
the potential adverse event.

Root cause analysis (RCA) of adverse surgical outcomes is used in high-lia-
bility industries, but still not widely applied to analyze and resolve and improve
adverse medical outcomes. Conventional RCA works linearly and backwards to
identify root causes with limitations by the traditionally deterministic thinking,
creating bias. In contrast, simulation RCA places the investigation in the context
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Table 1. Examples of OR surgical ‘error chains’ as applied to dialysis access surgery

1 Ambiguity: two or more independent information sources disagree on when the
patient was last dialyzed.

2 Fixation or preoccupation: the anesthesia crew is trying to address a faulted ECG
cable, while missing a severe hypoxic episode.

3 Empty feeling: unsure of the condition. ‘A diabetic patient doesn’t look right'.
Patient is pale and incoherent.

4 Violating lower and upper limits: intentionally ignoring upper and lower norm:s, i.e.
blood pressure measurements, blood glucose levels, or a significant blood loss.

5 Undocumented procedures: ‘Cutting corners’, i.e. using tools and instruments for
which they are not intended or fitted.

6 Nooneisin charge of the patient: Loss of clear command. ‘I thought you were
doing this’. (For example DVT prophylaxis was not implemented.)

7 Nobody is looking at the patient: ‘Socializing’ in the OR and not paying attention to
the patient, missing a sudden change in vital signs.

8 Failure to meet targets: no palpable thrill after dialysis access completion.

9 Unresolved discrepancies: preoperative electrocardiogram shows new T-wave
abnormality, but no potassium level available.

10 Not adhere to standard procedures: preoperative ‘time out’ or team briefing is
bypassed.

in real time with simulation team members. Therefore, simulation RCA may
facilitate the implementation of preventive measures to decrease risk and im-
prove patient safety. Communication errors and medical decision paradigms are
most appropriate for simulation presentations [12].

Communication is the mainstay of safety. Effective communication must be
clear, crisp, concise and timely. There must be feedback or a response. Without
feedback, there is no communication and safety is jeopardized. A briefing is a
scripted conversation facilitated by a team leader to establish a shared under-
standing of the operation ahead. The 500 most commonly used English words
have 14,000 dictionary meanings. They mean different things to different peo-
ple. Poor communication among clinicians is a leading source of adverse events
in health care. A safety program will have a set of verbalism or phraseology that
is unequivocal for minimizing misunderstanding. Instructions, written policy
and procedures and checklists must reflect this clarity. This becomes crucially
important as much communication between OR team members occurs under
stress [13].
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The Dialysis Access OR Team

Team building capitalizes on trust and cooperation [14]. Synergy recognizes that
it is not possible to separate individual performance from that of others. This is
best described by the term interdependent mindset where each team member
feels part of a larger purpose. In contrast, the independent person is not a team
player, thinking: T don’t need you - I know it all and can do everything myself’.
HF teaches how to manage conflict, evaluate performance and provide feedback
and support to meet commitment to the team and the organization. Team per-
formance is best evaluated with a model of excellence against which to measure
performance. Team building will occur more easily when all team members
train jointly on tasks of mutual importance. This allows each member to provide
their technical knowledge and skills in helping to solve the problem, complete
the project, and develop new programs.

Each team member should understand all aspects of the task at hand even
if they will not be performing those steps directly. This is not to take away
from the team member who normally performs this task, but it is a safety
check to ensure that the correct steps are being followed in every procedure,
every time. In the OR, the surgeon, the anesthesiologist, the circulator nurse,
and scrub technician all must understand the steps in a particular procedure.
The surgeon, for example, should be able to start the electrocautery devices
and know instrumentation including the details of suture material and where
to find it.

Practical Implications

Briefings are fundamental to OR patient safety. A briefing is a scripted conversa-
tion facilitated by a team leader to establish a shared understanding of the op-
eration ahead. There are three dialysis access OR-related basic briefings. First, a
briefing meeting takes place with all team members in the OR prior to a proce-
dure often also called ‘time out’ (patient-centered briefing). Second, de-briefing
must take place after the procedure to share with the team what went well and
what can be improved upon (patient-centered briefing). The purpose is to com-
municate a shared understanding and to voice concerns regarding all relevant
procedure-related and/or patient care issues (table 2). The goal is to maximize
learning from a recent experience. Third, an administrative briefing is a staff
meeting to communicate all relevant issues and new policies in the management
of patient care in the OR (system-centered briefing).
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Table 2. Effective leadership in the OR: an example of a ‘time out’ or a briefing checklist
conversation between the OR team led by the surgeon and the anesthesiologist before
the start of the dialysis access procedure

1 Introduce your OR team by name and explain the role of each one, for example: |
am Dr. Steve Miller, | will be the operating surgeon and Dr. Mary Powel, will assist
me. She is a 3-year trainee. Our anesthesiologist is Dr. Stein. Our OR nurses are Mary
and Judy both well known to all of us.

2 State the correct procedure: We are going to place a left forearm loop graft. Mary
and | went through the instruments following the checklist and everything is
correct. The correct PTFE graft is in the room.

3 Confirm the correct extremity side is marked. Dr. Miller: Again, we are operating on
the left arm.

4 Consent forms are signed? Consent is correctly signed both for placement of a left
forearm graft and anesthesia. Dr. Miller: Yes, that is correct.

5 Beta-blocking agent to be given? Dr. Miller: No, we will not give beta-blocking
agent because the patient has some bradycardia.

6 Allergies. Dr. Miller: There are no allergies.

7 Antibiotics given? Dr. Miller: | just gave 2 g of cephalosporin.

8 Is the patient positioned correctly? Dr. Miller: Yes, | checked the position myself
before scrubbing.

9 Expect to give blood products? Dr. Miller: The hematocrit is 38%. We do not expect
any bleeding, and no blood or plasma should be given.

10 Expected blood loss? Dr. Miller: Blood loss should be 20 ml or less.

11 DVT prophylaxis? Nurse Judy: Yes, TED hoses have been placed.

12 Is the patient being actively warmed? Dr. Miller: Yes, by warm air to upper body.

13 Fire risk. Dr. Miller: There is no fire hazard. Besides we are using bipolar
electrocautery today, as always.

Safety Issues in the OR

Successfully implemented safety programs must have a well-designed follow-up
plan. Research shows a significant skills decay, suggesting the need for interval
refreshment simulation training [15, 16]. The successful leader will ensure the em-
ployees are equipped with teamwork and communication skills. Second, project
leaders will ensure those teamwork behaviors are hardwired into daily operations
by creating and using processes, protocols briefings and checklists. These tools
will evolve into the way business is done in the organization. Third, a successful
leader will prove that the project has been successful by creating and following a
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Fig. 2. This image depicts an example of a visual checklist instrument tray (in this case an
open peritoneal dialysis placement procedure) for a two-cuff peritoneal dialysis catheter.
This is an example of our approach to a consistent, efficient, and safe working environ-
ment, where instruments are kept in the same place at all times and in the order of an-
ticipated use. Reproduced with permission from Davidson et al. [17].

measurement plan. However, how we ‘bridge the gap’ successfully from classroom
to the real world environment depends on two vital elements and should be con-
sidered as software and hardware, one is useless without the other. The initial
safety training provides motivation and skills practice. Follow up (annual) train-
ing provides reinforcement [15]. These programs should be mandatory.

A safety culture is key. No matter how advanced the technological system, if
humans are involved, errors are inevitable. The key to patient safety and acci-
dent prevention is managing the inevitable error by doing two things: First, by
training to use specific teamwork and communications behaviors, and second
to implement safety tools (policy and procedures, protocols, checklists, brief-
ings) to complement behaviors to detect and trap (small) errors before they be-
come a ‘chain’ creating a serious or even fatal accident (table 1).

Each dialysis access surgery itself follows steps which is in fact a memorized
checklist [17]. This approach enables practitioners to use a standardized ap-
proach to checking equipment before use to ensure that the delivery system is
correctly adjusted and functional (fig. 2). The checklist procedures are carried
out by 2 people (fig. 3). One calls out the individual item on the checklist, and
the other is responsible for performing the check and read back. Each has a joint
responsibility for the proper execution of this task.
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Surgical Safety Surgical Safety
Team Members Chart : Patient Information
Surgeon: hane:
Medical Record Number/ID:
Diagnosis:
Assistant: Hocdie
Checklist Dialysis Status
Coordinator o Notyet started
Nurse: 0 Cument access  Last dialysis date:
Checklist Serum K.
_Egurdlnatul Pertinent Drugs
Circulator: Coumadin o Yes oMo
Checklist Plavix o'Yes o No
Coordinator fota blockers O Yes oMo
Anesthesiologist: Others:
List Allergies:
I; 2
CRNA: Have preoperative antibiotics been gven? oYes o No
Is the incision, subcutaneous et path, and et site marked on
the patient’s body? 0 Yes o No

Fig. 3. Example of surgical safety. Team members chart with patient information charts
are best mounted on the wall for easy access. Reproduced with permission from Davidson
et al. [17]. CRNA = Certified registered nurses in anesthesiology.

In general, checklists systematically organize your work to obtain a condition
of efficiency, to identify team members’ roles and accountability. As a conse-
quence of checKklists, error rates will decrease and patient safety will be maxi-
mally ensured. In the broadest sense, checklists are used to describe the entire
surgical procedure [18] or more specifically, critical segments of the OR proce-
dures. In an international multicenter study of 3,733 controls and 3,855 patients
subjected to a simple checklist in 8 hospitals, mortality dropped from 1.5 to 0.8%
(p=0.003) and in-hospital complication rate fell from 11 to 7% (p = 0.001) [19].

Debriefing after a surgical procedure offers an effective safety improvement
tool, where the lead surgeon conducts a discussion of case-specific issues and
ways to improve. This includes confirming the procedure performed, correct
counts, equipment issues, urinary catheter, immediate plans for recovery, con-
tinued antibiotics, beta-blockers to mention a few. Each procedure should have
an approved debriefing checklist ideally visible to everybody on the wall. He or
she also should take the opportunity to reinforce excellent individual and team
performance improvements. In contrast to the morbidity and mortality confer-
ence format, the debriefing discussion is immediate and palpable and therefore
a more effective OR team safety learning tool.
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How to Perform Safe Anesthesia in
Patients with End-Stage Renal Disease
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Bern, Switzerland

Abstract

Vascular surgical patients and especially those with end-stage renal disease are exposed
to a high risk of preventable adverse events. Typically, a combination of organizational
and technical deficiencies, human error or ineptitude and patient comorbidity leads to
inadvertently poor outcome. Patient safety in perioperative environments requires per-
manent effort in organizational improvement, staff training, and maintenance of high
standards in patient care and technical equipment. Even in multimorbid patients, anes-
thesia for vascular access surgery can be performed at low to moderate risk if safety prob-
lems are minimized. ©2015S. Karger AG, Basel

Recommendations to Improve Patient Safety

Preoperative preparation for anesthesia should identify individual risks and
areas for optimization. An interdisciplinary perioperative plan should be
developed and communicated to the entire team.

Institutionalized surgical safety checks and OR safety precautions help to
reduce and manage unexpected adverse events.

Locoregional anesthesia offers, as an advantage, transient regional sympa-
thectomy and blood flow enhancement without cardiopulmonary depres-
sion. General anesthesia avoids interaction with anticoagulant regimes and
allows, if required, extension of surgery. Local anesthesia may require sup-
portive sedation and monitoring.



¢ The use of 2-D ultrasound imaging and guidance is state of the art for vessel
cannulation and nerve blocks.

¢ Proficiency and teamwork of the providers appear more important than
anesthesia technique itself, but typical risks and complications need to be
anticipated.

Preoperative Evaluation and Planning

Patients requiring vascular access surgery are frequently multimorbid, and sur-
gery is often nonelective. Efficient preoperative planning requires communica-
tion of accurate data, dates and details of schedules and procedures. This in-
cludes planned location and type of vascular access, patient preparation and
positioning, use of grafts or distal perfusion, etc.

Practice guidelines and standard operating procedures of each service should
be available. Documentation of individual perioperative surgical requirements
should precede clinical evaluation by anesthesiology.

Responsibilities for management of chronic and preoperative medication
need to be clearly defined and communicated between all involved caregivers.
Timely prescription (e.g. treatment of preoperative anemia), reliable continua-
tion (e.g. beta-blockers, aspirin, statins) [2], timely discontinuation (e.g. metfor-
min, platelet inhibitors, new oral anticoagulants), and effective bridging (insu-
lin, unfractionated heparin) of preoperative medications increase patient safety
by reducing risks of myocardial ischemia, bleeding and transfusion, and help to
avoid case cancellations.

Preanesthetic evaluation assesses the patient’s physical status (American So-
ciety of Anesthesiologists ASA PS; table 1) [3] according to relevant active co-
morbidity, medical, surgical and anesthetic history. Results of diagnostic testing
are reviewed, and a focused physical exam is obtained [4]. Factors with relevant
impact on perioperative management are identified.

The overall aim is to predict a patient’s tolerance to the perioperative stress
of his/her specific surgical procedure. Whereas peripheral reconstructive vascu-
lar surgery carries a particularly high risk of perioperative cardiac morbidity and
mortality, peripheral vascular access surgery is classified as low or moderate risk
surgery.

Impaired kidney function is a robust indicator of increased perioperative
risk. Patients with end-stage renal disease (ESRD) requiring vascular access sur-
gery are thus usually ASA class 3 or 4, related to their overall health status. ASA
classification does not take surgical risk into consideration; this needs to be cat-
egorized separately using appropriate scoring systems [5].
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Table 1. Anesthesiologic risk classification for the determination of perioperative risk and
quick estimation of physical fitness using MET values [6]

ASA physical status classification

ASA 1 Normal healthy patient

ASA 2 Patient with mild systemic disease

ASA3 Patient with severe systemic disease

ASA 4 Severe systemic disease that is a constant threat to life

ASA5 Moribund patient who is not expected to survive without the operation

ASA 6 Declared brain-dead patient (organ donor)

Essential MET values

1-3MET  Walking around in the flat, taking care of oneself (eating, getting dressed,
cleaning)

4-6 MET  Climbing more than one flight of stairs without stopping, walking >100 m
on plain ground, easy homework
>10 MET  Sports activities (tennis, swimming, football, skiing)

Preoperative assessment of coronary status and cardiovascular function is
based on clinical evaluation, noninvasive and invasive diagnostic testing. Physi-
cal performance is evaluated according to simple exercise tasks (e.g. walking up
stairs), and is quantified by grading their metabolic equivalent (MET, table 1).
At a performance of 4 MET or more, the patient is usually fit for vascular access
surgery in locoregional anesthesia (LRA) without further cardiac evaluation [6].

If MET cannot be evaluated, the presence of clinical risk factors (renal dys-
function, ischemic heart disease, congestive heart failure, stroke or TIA, diabetes
mellitus requiring insulin) is relevant. If up to 2 risk factors are present, nonin-
vasive testing may be considered, but only if it will change management. If 3 or
more risk factors are present, cardiology consultation and further cardiac testing
are considered.

In patients with a cardiac implantable electrical device (CIED), such as an
internal cardiac pacemaker or defibrillator (ICD), some basic information needs
to be gathered preoperatively (e.g. indication, current mode of action, underly-
ing cardiac rhythm, type and model of device, accessibility by cardiologist, re-
sponse to magnetic influence, last function control).

Clinical assessment of pulmonary status is based on history, auscultation and
noninvasive pulse oximetry/arterial blood gas analysis on room air. Chest radi-
ography and spirometry are indicated only in patients with known or suspected
significant pulmonary disease. Chronic pleural effusion may require preopera-
tive drainage to support respiratory compensation of renal acidosis, the more so
if sedation is planned. Current medication regimens should be optimized.

How to Perform Safe Anesthesia in Patients with ESRD 109

Widmer MK, Malik J (eds): Patient Safety in Dialysis Access.
Contrib Nephrol. Basel, Karger, 2015, vol 184, pp 107-122 (DOI: 10.1159/000367905)



In preexisting severe or acutely exacerbated lung disease, expert pulmonol-
ogy consultation should be obtained. Radiological imaging, body plethysmog-
raphy and CO diffusion capacity are indicated only if results would substantial-
ly influence perioperative management.

Patients with moderate to severe pulmonary disease requiring vascular access
surgery will benefit most from a LRA technique. General anesthesia (GA) with
intermittent positive pressure ventilation (IPPV) and use of muscle relaxants
impairs respiration more than LRA with maintained spontaneous breathing.
IPPV may cause dynamic overinflation or barotrauma to lungs, promote atelec-
tasis and impair mucociliary clearance [7]. This may be associated with in-
creased pulmonary morbidity, prolonged hospital stay, resource utilization and
cost.

Questions of specific anesthetic interest in a patient’s history should address
allergies [e.g. to local anesthetics (LA), antibiotics, disinfectants, radiocontrast,
protamine]. Previous experiences with general and LRA, the risk of postopera-
tive nausea and vomiting, chronic steroid medication and relevant substance
abuse should be explored. Substitution therapy may be necessary.

Proactive patient blood management implies pre-, intra- and postoperative
issues. Timely preoperative conventional or noninvasive hemoglobin testing
should be routine in order to allow anemia workup and treatment. Anemia as-
sociated with ESRD should be treated appropriately in advance of elective sur-
gery. If indicated, hematopoietic stimulation with recombinant erythropoietin
and concomitant iron substitution should be instituted to avoid or minimize
perioperative allogeneic transfusion as well as related immunomodulation, in-
fection and cost. This is particularly important in patients awaiting renal trans-
plantation. Nevertheless, type and screen should be available in any patient un-
dergoing vascular access surgery.

Screening for coagulation disorders or impairment, as well as for active anti-
coagulant and/or antiplatelet medication relies first on history and physical
exam. Preoperatively, pertinent conditions and medications must be meticu-
lously reviewed. Focused laboratory testing should follow only if indicated (INR,
aPTT, fibrinogen level, platelet count; platelet function testing; thromboelas-
tometry).

Adequate orders for discontinuation, bridging or timing of anticoagulants
must be written to avoid interference with the planned surgery and LRA, but
also in order to avoid thromboembolic complications [8]. In patients with re-
cently stented coronaries, mechanical valves or chronic atrial fibrillation, a car-
diology consult should be obtained.

The most common substances that are suitable in patients with renal insuf-
ficiency are listed in table 2, together with pertinent lab tests and recommended
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Table 2. Widely used anticoagulants and their safe perioperative management [8]

Mode of Antagonist Labtest Substance  Stop priorto Bridging Pause
action operation single-shot GA after .
regional block operation

COX1 no platelet ~ ASS continue - continue - no no no
inhibition specific function stop may stop may

test be harmful be harmful
ADP no platelet  clopidogrel 7 days 7 days no no no
receptor specific function  prasugrel 7-10 days 7-10 days
blocker test ticagrelor 5 days 5 days
Xa no F Xa apixaban 2 days 2 days no heparin  no
antagonist specific activity rivaroxaban 1-2 days 1-2 days
Vitamin K vitamin K INR coumadin stop assure  stopassure  no heparin  continue or
antagonist INR<1.4 INR<1.4 bridging
ATIII protamin  aPTT/Xa  heparin 4-6h 4-6h no no atleast1h
activator activity
Prostaglandin  no platelet iloprost 2h 2h no no no
inhibition specific aggrega- prostacyclin 0.5 h 0.5h

tion test

ASS = Acetylsalicylic acid.

discontinuation intervals. The field of anticoagulant and antiplatelet medication
is evolving rapidly. Practitioners may benefit from guideline-based smartphone
applications (e.g. CoaguSafe® for iPhone®) to support clinical judgment when
balancing risks of bleeding and thrombosis.

Preoperative serum electrolyte status should be known in patients with
ESRD. Hemodialysis is indicated prior to surgery, if relevant hyperkalemia (6.0
mEq/] or more) is present, to protect the patient from life-threatening arrhyth-
mia. Severely abnormal serum sodium or chloride needs further workup and
slow correction. In emergencies, electrolyte correction is initiated without de-
laying life-saving surgery.

In insulin-dependent diabetics, presurgical fasting and possible delays in the
OR schedule may complicate blood glucose management, and will require close
blood glucose and insulin control. Perioperative glucose control is recommend-
ed in the range of 100-180 mg/dl or 5.6-10.0 mmol/l to decrease complications
(e.g. wound infections) without running risks of hypoglycemia and stroke.

Patient and nursing team information about smoking, food and drink re-
strictions as well as preoperative medication is mandatory. Smoking should be
stopped atleast 24 h prior to the operation to enhance tracheal clearance. Fasting
is recommended for a minimum of 6 h prior to anesthesia for food and 2 h for
clear liquids [9].
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Pharmacological premedication is usually prescribed for patients with
planned overnight hospital stay. Low-dose benzodiazepines provide anxiolysis,
light sedation and anterograde amnesia. Especially at advanced age, benzodiaz-
epines may elicit paradoxical reactions or predispose to postoperative delirium.
Alternatives for oral premedication are clonidin or haloperidol. Ambulatory pa-
tients usually do not receive preoperative sedatives.

Preoperative Safety Precautions

Good interdisciplinary communication between surgeon and anesthesiologist
minimizes delays and cancellations in the schedule and helps to prevent or an-
ticipate critical situations. Charts and records should be made accessible to all
perioperative caregivers. Ideally, they should review scheduled patients together
in advance.

Anesthesia must be clearly informed of surgical positioning, access or can-
nulation sites in order to plan their monitoring and instrumentation. If neces-
sary, postoperative hemodialysis, intermediate or intensive care should be orga-
nized at this time.

At this point, the decision about the planned anesthesia technique (e.g. GA,
regional block, local anesthesia with or without sedation) and monitoring must
be made by the anesthesiologist in accordance with surgical requirements and
with the patient’s informed consent.

Throughout the preoperative and preincision periods, a Surgical Safety
Checklist should be completed according to the standardized, structured three-
tiered ‘“Team Time Out’ process recommended by the World Health Organiza-
tion [10]. All steps are documented in the patient’s record.

Part I: Prior to transfer to the OR, the patient is personally identified and the
surgeon marks the site of surgery. A hospital-wide implemented patient identi-
fication bracelet with patient name, date of birth and identification number en-
sures correct patient verification.

Part 2: Prior to anesthesia induction, the patient is identified again by name
and birth date, which are compared with ID bracelet and records. The scheduled
surgical procedure is confirmed by the patient, and the surgical site marking by
the OR staff. A brief review of patient’s written informed consent, allergies, fast-
ing interval, airway anatomy, ordered antibiotic prophylaxis, availability of
blood products and readiness of anesthesia equipment is completed. Specifi-
cally in these patients, preoperative information is verified on correct medica-
tion intake, on fluid restriction orders, the interval since last hemodialysis and
residual urinary output.
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Part 3: Immediately prior to incision, the entire OR team performs a team
time-out. Team members briefly introduce themselves and their role. The sur-
geon explains the procedure; the anesthetist mentions any special concerns. The
team rehearses conceivable critical situations and their prospective manage-
ment. Antibiotic administration and the availability of special surgical and an-
esthesia equipment are confirmed.

Special attention in such patients focuses on the presence and function of
preexisting arteriovenous fistulae, hemodialysis central venous catheters, or ac-
cess for peritoneal dialysis. Arms with vascular accesses are kept free from blood
pressure cuffs, pulse oximeters, tourniquets and peripheral venous cannulae.

Gastric emptying is delayed in chronic renal failure [11] or diabetes, which
presumptively increases the risk of regurgitation and pulmonary aspiration of
gastric contents on induction of GA or during deep sedation. pH of gastric se-
cretions can be raised by oral administration of sodium tricitrate (30 ml, 0.3
mol/l) within 1 h of induction. Also, peritoneal dialysate liquid should be drained
from the peritoneal cavity prior to OR transfer and induction of anesthesia. If
GA is planned, precautions for rapid airway control on induction should be
taken.

If perioperative antibiotic prophylaxis is indicated, responsibility for drug
choice, timing and administration must be clear to all. Typical antibiotics for
perioperative prophylaxis in vascular surgery target bacterial colonization at the
surgical site, such as cephalosporin (e.g. cefazoline, cefuroxime). To achieve ad-
equate tissue concentration, a time interval between i.v. administration and skin
incision of 30-60 min is mandatory. The dose of a single shot antibiotic prophy-
laxis is not adapted to renal clearance, but repetition doses may require adapta-
tion.

Life-threatening allergic responses to medication are rare, with antibiotics,
relaxants, latex and colloid infusions as the main culprits. Preoperative team
awareness of known allergies can avoid most major incidents. Minor reactions
such as skin rash, pruritus or wheals may remain the only manifestation (class
I), requiring symptomatic treatment only. As first or co-manifestation, life-
threatening symptoms like oropharyngeal swelling, bronchospasm, hypoten-
sion, or shock may ensue (class II-IV). Such symptoms are a clear indication for
adrenalin (100 pg i.v. bolus), with repetition as needed until the situation im-
proves. In patients without anticoagulation, 0.3-0.5 mg of adrenalin can be giv-
en intramuscularly to provide a continued effect [12]. Exposure to all suspected
agents is stopped immediately, 100% oxygen is given, and additional help (re-
suscitation team) is called for.

LA intoxication from inadvertent intravascular injection or rapid systemic
absorption of a large LA dose manifests itself by acute changes in CNS function
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(dysesthesia, drowsiness, tremor, generalized convulsions). This may be fol-
lowed by myocardial depression and bradyasystole or ventricular fibrillation.
Such incidents require immediate institution of Basic and Advanced Life Sup-
port, and an attempt to attenuate toxic LA action by a trial of Lipid Rescue Ther-
apy (Intralipid® 20% 1.5 ml/kg i.v., repeatable to a maximum of 8 ml/kg) [13].
Ropivacaine appears less cardiotoxic than bupivacaine and may thus be prefer-
able in patients with cardiovascular comorbidity. Prilocaine can cause signifi-
cant methemoglobinemia, making it a poor choice in an anemia-prone popula-
tion.

An increasing number of patients present for vascular access surgery carrying
a CIED (e.g. internal pacemaker, defibrillator ICD, or cardiac resynchronization
therapy) [14]. In these patients, the surgeon needs to brief the team ahead of time
about the use of electrocautery. If monopolar cautery is needed, the pathway of
the cautery current should be directed far away from the CIED, and the device
should be reprogrammed or deactivated temporarily. Depending on the device
and indication, the pacemaker function may be adjusted to a reasonable rate and
mode of action [15].

Line placement for monitoring and medication in peripheral or central ve-
nous or arterial locations is often challenging. Numerous previous surgeries,
preexisting fistulae, failed cannulation attempts, hematoma, venous collapse af-
ter hemodialysis, thrombotic vessel occlusion or the presence of CIEDs in cen-
tral veins reduce options and prolong preparation time.

Frequently, central line or venous dialysis catheter placement under residual
anticoagulation cannot be avoided. Ultrasound guidance of vessel puncture and
cannulation facilitates line placement and reduces complication rate (futile
punctures, hematoma, accidental arterial puncture and injection, nerve dam-
age). Use of ultrasound imaging to guide central venous catheter insertion has
been recommended as a measure to improve patient safety by national health
care guideline organizations (www.ahrq.gov 2001; www.nice.org.uk 2002). Cen-
tral venous catheterization (CVC) requires full barrier precautions (mask, cap,
scrubbing, sterile gown and gloves, sterile equipment handling) to reduce risk of
CVC-related bloodstream infection.

Ultrasound guidance for nerve blocks has revolutionized LRA, and has be-
come state of the art (www.nice.org.uk 2009). Precise identification of nerve
structures minimizes risk of inadvertent vessel injury, intravascular injection
and complicating hematoma. It improves block success, allows reducing LA
dose and dose-related toxic effects [16, 17]. Table 3 gives an overview of maxi-
mum recommended dose of LA.

As a consequence, use of ultrasound guidance for anesthesia preparations is
strongly recommended as an important safety feature in vascular access surgery.
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Table 3. Maximum dose of LA for regional nerve blocks in adults

Type Main metabolism  Onset of anesthesia  Duration Maximum dosage
(depending on of action, h
injection site), min

Lidocaine amide liver 15-30 max. 5 max. 4.5 mg/kg body weight per single
injection; cumulative dose 300 mg/day

Bupivacaine amide liver > kidney 15-30 4-6 cumulative dose max. 400 mg/day

Mepivacaine amide liver 15-30 1.5-2 max. 5 mg/kg body weight per single
injection; cumulative dose max. 1,000
mg/day

Ropivacaine amide liver/kidney 10-25 6-10 max. 250 mg/single injection;

cumulative dose 800 mg/day

These data are based on Swissmedic information. Recommendations may vary between different countries due to local
drug regulations. Rescue strategy: lipid rescue therapy can be used intravenously to absorb circulating LA.

Adequate training of ultrasound anatomy and needle navigation skills and ded-
icated equipment should be provided for and maintained by institutions and
services involved.

Intraoperative Safety Precautions

In vascular access surgery, there is usually a choice between local, locoregional
or GA. Although anesthesiological considerations apply, the type of anesthesia
must be suitable for the planned surgery, should be accepted by the surgeon and
also authorized by the patient with his/her written informed consent. Standard
operating procedures should be established based on practice guidelines and
scientific evidence.

During any type of anesthesia care, an ECG monitor, pulse oximetry, non-/
invasive blood pressure measurement and a reliable peripheral i.v. access are
standard. If airway tools are employed, capnography is standard of care to prove
correct placement of the artificial airway and the presence of respiration, gas ex-
change and circulation [18].

GA is suitable for all procedures in vascular access surgery patients. Renal
insufficiency affects clinically relevant pharmacokinetics of some hypnotics, an-
algesics and relaxants.

Intravenous sedatives and nonopioid hypnotics (midazolam, propofol,
etomidate, ketamine, dexmedetomidine) undergo mainly hepatic biotransfor-
mation to inactive metabolites. Their prolonged excretion owing to renal insuf-
ficiency is clinically not relevant. Nevertheless, in patients with renal failure a
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25-50% dose reduction appears advisable due to alterations in blood volume,
protein binding and pharmacodynamics.

Clinical pharmacology of synthetic opioid analgesics (fentanyl, sufentanil,
remifentanil) is not substantially altered by renal failure. In contrast, morphine
is a poor choice in patients with severe renal impairment, particularly when
given repetitively. Morphine effects may be prolonged due to very slow elimina-
tion of active metabolites. Postoperative analgesic regimens should also avoid
nonsteroidal anti-inflammatory drugs.

Among volatile anesthetics, isoflurane and desflurane are safe for use in pa-
tients with renal impairment and cardiovascular disease. These agents undergo
minimal (hepatic) metabolism.

Nondepolarizing muscle relaxants are highly dependent on renal elimination
if not inactivated otherwise. Degradation pathways of the relaxants atracurium
or cisatracurium bypass renal function, making them preferable in renal insuf-
ficiency. Rocuronium has an increased elimination half-life in renal failure, but
its action is swiftly and reliably terminated by i.v. administration of sugamma-
dex.

Safe induction of GA for vascular access surgery should take specific risk con-
stellations among these patients into account:

- In chronic renal failure, risks of pulmonary aspiration may be increased due
to gastroparesis or abdominal distension from residual peritoneal dialysate.
— There is a significant risk of marked arterial hypotension, particularly on GA

induction. Considerate selection and dose reduction of induction anesthetics,
and titrated use of vasopressor drugs (ephedrine, noradrenaline or phenyl-
ephrine) will mitigate hypotensive episodes and prevent fluid overloading.
Volemic effects of crystalloid solutions are limited to a short period of time,
and fluid overloading may be associated with worse outcome [19]. Artificial
colloid solutions appear obsolete due to their renal elimination. Alpha-
adrenoceptor agonists should be used conservatively, with the goal to nor-
malize low systemic vascular resistance only. Unnecessary vasoconstriction
may adversely affect outcome of peripheral vascular surgery.

LRA is ever gaining popularity for vascular access surgery due to its sympa-
tholytic and venodilatory effect, overall cardiovascular stability and safety, and
a potentially positive impact on surgical outcome [20]. The incidence of vaso-
spasm and early thrombosis may be reduced [21]. The site of the regional block
needs to be selected such as to adequately anesthetize the projected vascular ac-
cess site (table 4). For vascular access surgery on the upper extremity, supracla-
vicular, infraclavicular or axillary nerve blocks are typically performed.

Despite the advantages of LRA, a survey of National Surgical Quality Im-
provement data (NSQIP; 2007-2010) still found a distribution of anesthesia
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Table 4. Covered areas of possible LRA procedures

Type of regional block Area of adequate surgical anesthesia

shoulder upperarm elobow  forearm hand
Interscalene nerve block + + (proximal) - - -
Supraclavicular nerve block - + + + +
Infraclavicular nerve block - + + + +
Axillary nerve block - + (distal) + + +

techniques for new arteriovenous fistula creation of 85% GA, 3% local anesthe-
sia with monitored anesthetic care, and only 12% LRA [22].

Compared to GA, an overall better safety profile of LRA has not been proven
so far. Anesthesia planning in patients with ESRD and typical cardiovascular
comorbidity must pay close attention to the coagulation system. When coagula-
tion is compromised, regional nerve blocks are associated with a higher neuro-
logical complication rate than GA [13]. Ultrasound guidance to navigate nerve
and vessel structures is highly recommended, with the aims to reduce accidental
vessel injury and amount of LA required [18]. Still, this will not completely elim-
inate block-induced nerve lesions or hematoma formation.

Local anesthesia (LA) is a reasonable alternative if patients are compliant and
cooperative, or when all other anesthesia options are either not applicable or in-
crease risk more than LA. The sympathicolytic effect of LRA and its motor block
cannot be reproduced using an LA technique. On the other hand, residual anti-
coagulant effects are less of an issue with LA than with LRA. For patients who
are uncooperative or may become so during surgery (e.g. owing to substance
dependency, paradoxical reactions, anxiety, delirium), LA is the least preferable
option.

Basic monitoring standards apply as mentioned above. Depending on the
patient’s overall health status, it is advisable to combine surgical LA with moni-
tored anesthesia care (MAC). Intraoperatively, MAC allows the anesthetist to
diagnose and treat upcoming clinical problems adequately while the surgeon
can concentrate on his work. When LA is managed without a professional ded-
icated to nonsurgical intraoperative patient care, risks from incomplete or dis-
continuous monitoring and inadequate sedation are inherent. In this field, most
adverse outcomes arise from respiratory or cardiocirculatory depression. There-
fore emergency equipment, medication and expertise to support or restore vital
functions should be available in the procedure room, with advanced life support
expert assistance available within 1-5 min [23].
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Intraoperative Environment

During any operation, the ambient noise level should be minimized such to en-
sure safe communication between OR team members. This reduces distraction
from their tasks as well as adverse effects (e.g. infections) [24]. Changes in pa-
tient condition or critical intraprocedural requirements (e.g. call for heparin)
must be clearly communicated within the team in the closed-loop mode. Any-
body who has important information should be allowed to speak up at any time
to inform the other team members.

The workplace should be organized ergonomically to facilitate the workflow
of the OR team (fig. 1). Equipment should be arranged such as to allow adequate
logistics for supplies, give access to the patient without breaking sterility, avoid
tripwire incidents and cable disconnections, and to allow everybody a view to
monitors. Urgent interventions should be possible without delay. Emergency
equipment must be available and accessible at all times.

Perioperative normothermia avoids excessive sympathetic activation, shiver-
ing, coagulopathy and patient discomfort. Core temperature should be moni-
tored continuously under GA. All patients should be kept normothermic with
warming OR table mattresses or forced air warming systems. Patients with LRA
or LA are clinically observed and asked whether they feel comfortable.

Allogenic blood product transfusion should be unnecessary in vascular ac-
cess surgery with adequate preoperative preparation and surgical technique.
Transfusion indications should be restrictive and take patients’ preoperative
chronic stable baseline into consideration. A valid transfusion trigger should
combine hemoglobin concentration with the presence of clinical indicators of
critical anemia or risks for critical end-organ ischemia (e.g. coronary or cerebro-
vascular disease [25-28]).

Postoperative Care

In the postoperative period, any patient emerging from GA or LRA should be
observed in a postanesthesia care unit (PACU). Staff must be familiar with typ-
ical anesthesia- and surgery-related complications and postoperative surgical
treatment. Postanesthetic and surgical orders (e.g. pain management, hemody-
namic targets, antibiotics, anticoagulation, fluid regime, drains and dressings,
positioning, chronic medication) must be documented in writing and actively
communicated to PACU staff. Patency and function of a newly established vas-
cular access as well as distal perfusion and sensorimotor function should be con-
trolled regularly by clinical means and Doppler technique. After a regional nerve
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Preoperative

antibiotics before Monitoring and
Check for Time- skin incision defibrillator
-Equipment
-Emergency
-Help

Ultrasound guidance for safe vessel
cannulation and regional blocks

Patient
identification
bracelet

Designation of surgical site
to prevent wrong side
surgery

Fig. 1. OR setup and equipment for safe anesthesia performance in vascular access
surgery.

block, at least the motor block should be regredient prior to discharge from
PACU. Following GA, patients are released from the recovery area when awake
and oriented, with vital functions stable, and with pain and postoperative nausea
and vomiting under control.

Critical incident-reporting systems play an important role in identifying er-
rors that are related to structural problems. Institutions can improve patient
safety in vascular access surgery, as in any perioperative field, by improving OR
and equipment ergonomics, by collective open-minded learning from each crit-
ical incident [29], by supporting training of technical and nontechnical skills
(fig. 2) and critical incident management, and by promoting close interdisciplin-
ary communication and good teamwork behavior [30].
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Fig. 2. Nontechnical skills that impact patient safety during the perioperative process [1].
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Careful and Safe Vascular Access
Creation
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Bern, Switzerland

Abstract

Morbidity and mortality are significantin hemodialysis patients, and every vascular access
(VA)is prone to complications - some more, some less. The risk of complications rises from
arteriovenous fistulae to arteriovenous grafts and peaks in nontunneled central lines.
Strategies to achieve complete evaluation of the patient and precise planning mark the
start of successful VA creation. Furthermore, preoperative considerations include safety
checklists, team time-out procedures, and antibiotic prophylaxis. Intraoperative technical
features and postoperative aspects of documentation and surveillance schemes complete
careful and safe VA creation. ©2015S. Karger AG, Basel

Recommendations to Improve Patient Safety

¢ Clinical evaluation and duplex sonography examination are important in
preoperative decision making.

* Safety checklists and team time-out are standard protocol.

* Fistula first concept should be constantly encouraged.

* Synthetic and biological grafts are important adjuncts to arteriovenous fis-
tulae.

o Artery-side-to-vein-end anastomosis is the preferred type.

¢ Perform careful and meticulous surgical preparation to avoid tissue and
vessel trauma.

* Patient education is essential for outcome.



Preoperative considerations
Anesthesiological management

Safety checklist Surgery
Team time-out : Fistula versus graft
patient evaluation Antibiotic prophylaxis As far distally as possible

Delicate handling
Size and angle of anastomosis
Artery-side-to-vein-end anastomosis

Check for thrill
‘ l Perform blood flow measurement
Referral to

access surgeon Careful and

Timing safe VA Postoperative considerations
6-12 mo_nthg ti Antiplatelet agents
before dialysis creation Patient education

Patient history
Clinical examination
Ultrasound examination

Fig. 1. Tasks for careful and safe VA creation.

Introduction

Considerable morbidity exists when dealing with vascular access (VA) creation.
Native arteriovenous fistulae (AVF) are the desired VA for patients on dialysis
due to their comparably low morbidity and fairly good long-term patency. How-
ever, they are also at risk for nonmaturation, stenosis, thrombosis, infection,
aneurysm formation, and steal syndrome [1]. Fistula success is dependent on the
center of access creation. Hence, the vascular surgeon’s skills and decisions are
key [2]. Furthermore, success is also determined by preoperative, technical, and
postoperative factors that will be discussed in this chapter (fig. 1).

Preoperative Decision Making

First of all, one has to respect that future hemodialysis calls for sufficient timing
of VA creation. AVF require a period of ideally 4-6 weeks [3], sometimes even
months, of maturation to become suitable for cannulation. Early decision mak-
ing is needed to guarantee enough time to have a functioning access ready at the
start of hemodialysis. Therefore, patients with advanced chronic kidney disease
(glomerular filtration rate <20-25 ml/min, late stage 4) should be referred to an
access surgeon [4]. Six to 12 months prior to the expected first hemodialysis,
fistula creation should be initiated on the nondominant extremity.

A certain blood flow is necessary to make hemodialysis possible and to avoid
recirculation of dialyzed blood: fistulae should have a blood flow of >600 ml/
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min, and the majority of proper fistulae report a blood flow of 800-1,200 ml/min
[5, 6]. Serving only as a rough guide, criteria for fistula maturation have been
summarized as the ‘rule of 6s: >6 mm diameter, <6 mm deep from the skin sur-
face, >600 ml/min blood flow, and if after 6 weeks the fistula does not meet these
criteria, evaluation for nonmaturation should be commenced. However, many
AVF (up to 50%) never mature properly or early thrombosis occurs [3, 5]. In
order to avoid nonmaturing AVF and to have enough time for the growth pro-
cess, certain measures have to be taken. For this purpose, we are referring to the
chapter by Malovrh [this vol., pp. 13-23]. Malovrh elaborates on the mandatory
preoperative physical and noninvasive duplex ultrasound examination of pa-
tients and their vessels. All of these variables affect the surgeon’s decision.

When comparing the outcome of fistulae created after using physical exami-
nation alone versus physical examination and ultrasound vein mapping, it has
been shown that the rate of successfully constructed AVF increased significant-
ly with preoperative ultrasound imaging. Furthermore, the surgical site for fis-
tula creation and type of procedure were considerably modified by ultrasound
results and negative surgical explorations were eliminated. Fistula patency rates
at 6 months were higher when ultrasound mapping was used [7].

Arteriosclerosis for example can possibly limit fistula maturation due to re-
stricted capacity of the vessel to accommodate the higher flow that is needed for
a cannulable hemodialysis access [6].

Consequently, preoperative vessel mapping adds valuable information con-
cerning the choice of fistula type [8]. All this supplementary information elimi-
nates risks of surgical failure and increases the proportion of AVF over arterio-
venous grafts (AVG), contributing to the widely accepted “fistula first’ concept.
It is generally believed that AVF are preferred over AVG due to better long-term
patency. VA is placed as far distally in the upper extremity as possible, beginning
with posterior radial branch-cephalic direct wrist access (snuffbox), then radial-
cephalic forearm (Cimino-Brescia) fistulae and so on. This leaves more proxi-
mal sites for future access [4].

However, if there is limited maturation time available, AVF have failed, suit-
able vessels are lacking and central venous catheters have to be avoided, AVG
represent a good option. Key features of the ideal graft include early access,
rapid hemostasis, good long-term patency, and resistance to infection. Gener-
ally, grafts can be divided into synthetic or biological vascular substitutes. Ex-
panded polytetrafluorethylene (ePTFE) is the most widely used synthetic graft.
Its recommended minimum waiting time until first cannulation is 2 weeks.
This period is required for adequate attachment to the subcutaneous tissue sur-
rounding the graft and contributing to hemostasis after puncture. Ideally, im-
mediate graft puncture is possible to evade temporary dialysis catheter place-
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ment. Myointimal hyperplasia leading to stenosis and finally thrombosis and
therefore access failure is more prominent in AVG than AVF. Development of
modified graft materials is important to counteract these issues. A few exam-
ples: Heparin bonding aims at reducing the graft’s intrinsic thrombogenicity
through impregnation of the luminal surface. Multilayer graft wall structures,
alterations in graft pore size and mesh configuration as well as changes in ma-
terial composition try to reduce excess formation of neointima and enable can-
nulation within 24 h after AVG creation (so-called early stick grafts). Geomet-
rical modifications (e.g. cuffed grafts, swirl/spiral grafts, venous cufts/collars)
have been developed to decrease AVG neointima formation and stenosis, how-
ever with variable success compared to standard ePTFE [9]. All of the available
artificial implants put the patient at a higher risk of fistula failure, compared to
AVF, mainly due to thrombosis and infection, venous hypertension and steal
syndrome. These aspects have to be kept in mind when making decisions for
different VA models.

Drug-eluting perivascular wraps, intended to reduce myointimal hyperpla-
sia, are under investigation. Paclitaxel- or Sirolimus-eluting and endothelial cell-
loaded wraps have shown some benefit in reducing PTFE graft stenosis [10].

Biological and bio hybrid materials (e.g. cryopreserved veins, bovine grafts,
ovine matrix collagen grafts) mainly come to use in infected situations due to
their lesser susceptibility to reinfection. Rerouting concepts (i.e. using a new
subcutaneous tunnel) and biological grafts are advisable when infections of
VA are present [11]. Myointimal hyperplasia also seems to be rare in these
grafts. Still, data are inconsistent when it comes to patency rates and infections,
and surgical handling of synthetic and biological grafts can be difficult as well
[12].

Central venous catheter placement can be performed in emergency cases that
most likely will need immediate and serial dialysis. Risk of bleeding and pneu-
mothorax as well as higher infection rates, shorter service life and often pro-
longed hemodialysis treatment times have to be taken into account.

Anesthesia, Safety Checklist and Antibiotic Prophylaxis

Anesthesiological impact is generally small in VA surgery, although often
dealing with multimorbid patients. Local anesthesia is sufficient for the major-
ity of procedures if the patient is compliant and an outpatient setting is usu-
ally adequate. When dealing with more extensive procedures, regional nerve
blocks such as brachial plexus anesthesia offer patient and surgeon comfort as
well. Furthermore, a desired advantage of regional block anesthesia is the
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marked increase in venous diameter of the superficial veins, which may im-
prove the rate of native fistula placement [13]. General anesthesia is rarely
needed.

In order to promote a safety culture, the World Health Organization has in-
troduced a so-called surgical safety checklist aiming at reducing the number of
surgical deaths across the world. Events of inadequate anesthetic safety prac-
tices, avoidable surgical infection and poor communication among team mem-
bers in the operating theatre put the patient at risk. A list of safety checks has
been designed to address this issue. It consists of three parts: (a) sign in (before
induction of anesthesia), (b) time-out (before skin incision), and (c) sign out
(before the patient leaves the operating room). Each part is made up of multiple
questions that need to be checked before the next part can be initiated. For ex-
ample, the ‘sign in’ reconfirms patient identity and mentions possible allergies.
The ‘time-out’ introduces all team members and possible critical events during
the procedure. Finally, the ‘sign out’ lists instrument counts, labelling of patho-
logical specimens, and planned postoperative patient management. Adhering to
a pattern like this should reduce the number of avoidable risks endangering the
lives and well-being of surgical patients [14].

The possibility to develop a surgical site infection depends on bacterial colo-
nization of the operative field. Perioperative antibiotics are central to prevent
postoperative surgical wound infection [15]. To reach the best effect, timing of
administration of the single-shot antibiotic prophylaxis is crucial: 30-60 min
before skin incision is adequate. Errors due to too early or too late medication
put the patient at risk for an infection.

General Technical Aspects

A multitude of factors has been identified to affect patency of AVF. Results from
a recent review show that nonmodifiable patient factors such as age, diabetes,
peripheral vascular disease, predialysis hypotension and vessel characteristics
(<2 mm diameter, reduced distensibility) negatively influence patency. When it
comes to modifiable factors, smoking, early referral, ultrasound imaging, anas-
tomosis type, vascular staples/clips, flow assessments, antiplatelet therapy, and
timing of first cannulation have an effect on patency. Systemic heparin use, can-
nulation technique and fistula surveillance do not alter the rate of fistula paten-
cy according to latest data [16]. Traditionally, systemic heparin use has been of
widespread use to counteract clotting in clamped vessels. However, data show
that it only increases bleeding complications without adding to the success of
primary fistula creation or fistula patency [16].
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Marking the vein with duplex ultrasound before the operation and palpation
of the artery can help to place the incision in an ideal area. After having decided
at which location the anastomosis will be performed, skin incision under anti-
biotic prophylaxis follows. A short longitudinal incision is preferred to gain
good target vessel access and to avoid damage to neighboring structures such as
nerves and lymphatic vessels. Attention should be paid that the incision and the
suture line are not lying on the top of the vessel but a little bit aside. S-shaped
incisions in the cubital fossa or in areas of grafts are ideal because the incision
can be prolonged, and the potential exposure of the underlying AVG is, in the
middle part of the incision, very short so that the risk for an infection is low.

Creation of AVF

In surgical preparation of the desired vessels, care must be given to avoid wall
damage, which could lead to leakage or stenosis of the vessel. Different ways of
blocking blood flow exist (e.g. vascular clamp, local vascular tourniquet, proxi-
mal pneumatic tourniquet, balloons, cardiac shunts, and endovascular occlu-
sion gel). The safety of pneumatic tourniquet occlusion over clamps to gain vas-
cular control has been documented and its advantage shown when it comes to
shorter operative time and technically easier operation as well, especially in redo
cases. It has no impact on complications (e.g. nerve injury, bleeding, hematoma,
vascular steal, infection, or swelling) and primary patency rates [17]. It must be
remembered that the anesthesiological management also influences the possi-
bilities of available blood flow control.

Flushing the distal end of the venous segment with saline allows the surgeons
to assess the properties (e.g. diameter, side branches, stenoses) of the vein [4].
Especially in cases of vein transposition, the dissected vein is dilated with hepa-
rinized saline and can be marked with a skin scribe to avoid rotation. The vein
has to be released from its surrounding tissue for a certain distance to approach
the artery. One has to bear in mind that this mobilization causes tissue damage
and can lead to devascularization of the vessel. The vein tends to lengthen a bit
during fistula maturation. Kinking (due to excess length) has to be avoided be-
cause this could lead to severe postanastomotic stenosis. On the other hand,
pulling and stretching of the artery and/or vein causes mechanical trauma to the
vessel wall. Torsion of the vein or inadequate tension has to be omitted before
performing the anastomosis [18].

Available types of preparation include artery-side-to-vein-end, end-to-end,
and side-to-side anastomoses. The preferred mode is artery-side-to-vein-end
anastomosis leading to less complications (no distal arterial ligation as in end-
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Fig. 2. Safe creation of an arteriovenous anastomosis. A = Control of inflow and outflow
using clamps, vessel loops or tourniquets; B = incision of the artery and creating round
ends using a punch; C = instillation of heparinized saline solution to check the outflow of
the vein and enlarge the vein so it can be marked; D = mild outward rotation of the vein;
E = running suture inside artery out in parachute technique.

to-end technique and no hyperemia of the hand as in side-to-side technique)
and equal patency rates [19].

The distal end of the vein is ligated and the vein approximated to the artery.
This in turn results in varying angles between the artery and the vein at the site of
the anastomosis. Hence, the lengths of the arteriotomy and venotomy have to be
precisely tailored according to this angle. If the angle is more acute, the length of
the arteriotomy/venotomy is longer than if the vein approaches the artery at a right
angle [20]. In a rectangular anastomosis, Konner [20] recommends to mildly ro-
tate the vein outward to avoid juxta-anastomotic kinking and stenosis. We prefer
the use of a punch to achieve an accurate opening in the arterial wall at the future
anastomotic site. It offers good visibility and reduces trauma to the vessel (fig. 2).

Anastomotic technique: surgical telescopes and 6-0 or 7-0 thread for sutures
are generally recommended [6]. Vascular nonpenetrating U-shaped clips in an
interrupted manner can alternatively be used: maturation and patency rates in
forearm fistulae are good [21]. We normally perform a running suture starting at
the back wall, then passing the proximal corner, then passing the distal corner with

Careful and Safe VA Creation 129

Widmer MK, Malik J (eds): Patient Safety in Dialysis Access.
Contrib Nephrol. Basel, Karger, 2015, vol 184, pp 123-135 (DOI: 10.1159/000365827)



the other end of the thread to complete the anastomosis in the middle of the front
wall. In our experience, this offers good visualization during the whole procedure.

Once completed, the arteriovenous connection leads to a drop in peripheral
resistance increasing arterial flow. With larger anastomosis size, proximal artery
flow increases further. However, larger anastomoses can eventually lead to distal
artery flow reversal. Therefore, it is important to respect both size and angle of
anastomoses. Van Canneyt showed a distinct hemodynamic impact of anastomo-
sis size and angle in an AVF flow model. For larger anastomoses, arterial inflow
and venous outflow increase and arterial outflow decreases. In anastomosis >58°,
the arterial inflow was insufficient, leading to distal arterial flow reversal. This in
turn could lead to ischemic complications. For larger anastomoses, the pressure
drop over the anastomosis decreases at a fixed angle. For more acute anastomosis,
the pressure drop was less dependent on anastomosis cross-sectional area [22].

Recently, Bharat et al. [23] showed that their so-called ‘piggy back’ straight-
line onlay technique led to a significant reduction in juxta-anastomotic stenosis,
which is the leading cause for fistula failure. In this technique, an anastomosis
between the posterior (underside) aspect of the vein and the anterior (upper)
aspect of the artery is created and the arterial blood is supposed to flow into a
straight cylindrical lumen.

Intraoperative Quality Control

Both, a continuous palpable thrill and a continuous audible (stethoscope) low-
pitched bruit should be present upon completion of the fistula. AVF maturation
can be predicted by intraoperative blood flow measurement. Low flow calls for
immediate revision. Minimal flow values needed for radiocephalic fistulae are
120 ml/min and for brachiocephalic fistulae 310 ml/min. When reaching these
values during fistula creation, one can expect maturation [24]. In revision pro-
cedures, intraoperative angiography is an essential adjunct. It provides insight
into local or distal stenoses that might affect in- or outflow properties. Such is-
sues can be resolved by direct interventional or surgical treatment.

Creation of AVG

If there are no veins available, grafts are an alternative. They can be placed either
as straight (= bridge) grafts or as loops. In creating AVG, technical aspects to
avoid tissue trauma and infection include gentle and atraumatic soft tissue han-
dling (i.e. no touch technique), avoidance of skin contact of graft materials and

130 Wyss - Widmer

Widmer MK, Malik J (eds): Patient Safety in Dialysis Access.
Contrib Nephrol. Basel, Karger, 2015, vol 184, pp 123-135 (DOI: 10.1159/000365827)



Fig. 3. Instructions for safe AVG placement. A = Mark the planned landing zone for the
AVG. The graft length should be about 2/3 of the forearm. B, C = S-shaped incision in the
cubital fossa and two incisions far away from the final graft bed. Use of a tunneler:
(1) Oversize the olive by T mm (e.g. 7 mm for 6-mm graft). (2) Check the tissue depth of
your tunneler using your hand. (3) Fix the graft to the tunneler avoiding skin contact.
(4) Pull the tunneler and graft through and check to avoid rotation and kinking.

avoidance of scars in the puncture area. A popular tool to limit tissue damage in
loop configurations is a tunneler, available in different diameters and lengths. It
aids in minimizing skin incisions, and it creates an adequately sized tunnel,
avoiding extensive subcutaneous tissue damage as opposed to the use of tradi-
tional tunneling forceps (fig. 3). Subsequently, the graft can be pulled through
along the tunneler facilitating rotational control.

In graft-vein anastomosis of AVG, Konner recommends a very acute, almost
parallel position of the graft along the vein and a length of the anastomosis of up
to 20-30 mm. This will result in undisturbed blood flow through the anastomo-
sis without a great change in direction, omitting turbulence which could lead to
neointimal hyperplasia [20].

Hand Ischemia and Its Prevention

Steal syndrome can occur after VA creation and put the patient at risk for im-
paired distal perfusion or even ischemia of the forearm and hand. Accepted risk
factors for its development are diabetes, hypertension, smoking, female gender,
and coronary artery disease [25]. Two situations have to be distinguished in steal
syndrome since they call for different management. If there is a considerably
higher than desired blood flow in the arteriovenous segment, flow reduction has
to be achieved by narrowing the anastomosis, banding of the postanastomotic
venous segment (e.g. narrowing suture, plication, interposition, banding/cuff) or
the revision using distal inflow technique which results in a more distal feeding

Careful and Safe VA Creation 131

Widmer MK, Malik J (eds): Patient Safety in Dialysis Access.
Contrib Nephrol. Basel, Karger, 2015, vol 184, pp 123-135 (DOI: 10.1159/000365827)



of the venous segment and therefore preserves an antegrade arterial flow pattern.
On the other hand, if there is adequate or low blood flow in the arteriovenous
segment and blood flow cannot be reduced, angioplasty of arterial in- or outflow
vessel stenoses, proximalization of arterial inflow into the arteriovenous segment
or proximalization of the post-anastomotic outflow artery by distal revascular-
ization and interval ligation are effective methods. The ‘extension technique’ by
Ehsan is a modified technique for brachiocephalic fistulae to prevent hand isch-
emia (fig. 4) Anastomosis is performed between the median cubital vein and the
radial or ulnar artery just below the brachial bifurcation. This preserves part of
the blood supply to the hand avoiding steal syndrome. An additional advantage
of this technique is maturation of both, cephalic and basilic, veins [26]. In the case
of AVG, the use of a tapered graft is an option to prevent hand ischemia.

Postoperative Management

Cannulation within the first 2 weeks after the operation should be avoided to
allow for tissue ingrowth [16]. Consequently, if sufficient fistula maturation has
been achieved at that time, access cannulation can start.

Medication that improves patency includes antiplatelet agents, fish oil and cal-
cium channel blockers [27]. A Cochrane review investigated the effect of adjuvant
medical treatment to improve patency rates of AVF and AVG. The results of the
meta-analysis showed a positive effect of antiplatelet treatment on VA patency in
the short term. An included trial comparing low-dose warfarin with placebo was
stopped early due to increased bleeding complications in the treatment group [28].

The patient and treating nephrologist have to be well informed about the VA
they are dealing with, allowing them to anticipate potential problems in advance
and to guarantee best access survival. This can include a schematic drawing of
the VA that has been created. Visual understanding of the detailed anatomic
conditions supports correct cannulation. Moreover, with every revision proce-
dure, the degree of complexity increases, and therefore it is important to keep
track of the structural setting as part of the patient’s fistula history (fig. 5). So
called ‘vascular access passports’ represent a helpful documentation tool to
achieve this goal (http://heartlandkidney.org/article_resources/passport.pdf).
Educational material (http://www.fistulafirst.org/Patients/PatientEducational-
Materials.aspx) for patients is key in raising patient compliance levels and out-
come after AV access surgery, implementing correct patient behavior: keeping
the wound clean and the fistula protected, touching the access daily to feel the
thrill. Additionally, hand squeezing exercises increase the diameter of the out-
flow vein and seem to help in AVF maturation [29].
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Fig. 4. Cubital AVF in extension technique to avoid hand ischemia in patients with criti-
cally diseased arteries.

Native vein can be
cannulated

New PTFE graft can be
cannulated in 4 weeks

Fig. 5. Visual documentation of VA creation or revision procedures help the dialysis staff
to understand where and when they are allowed to puncture.
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Evidence regarding the actual benefit of access surveillance is limited. Post-
operative surveillance by duplex scanning (detecting inflow or outflow prob-
lems) after 6-8 weeks has a high sensitivity (100%) and specificity (85%) for final
access outcome [8]. If necessary, endovascular (angiography and angioplasty) or
surgical interventions for nonmaturing fistulae can be planned. Preemptive re-
pair of subclinical stenoses detected on postoperative access surveillance by
blood flow measurements positively affects access survival [30]. However, only
low-quality evidence exists suggesting a potentially beneficial effect of access
surveillance followed by interventions to restore patency [31]. Surveillance with
blood flow measurements may prevent fistula thrombosis, but does not influ-
ence the risk of access loss [32].
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Abstract

Patient safety is central to the practice of medicine. Traditional pathways to improve pa-
tient safety have included better education of patients and better training of health care
professionals. In this chapter, we make the case for a nontraditional approach to patient
safety in the setting of dialysis vascular access which focuses on (a) the development of a
patient-centric process of care, (b) individualization of care (personalized medicine), and
(c) the use of novel and safer therapies. ©2015 S. Karger AG, Basel

Recommendations to Improve Patient Safety

* Provide opportunities for the patient to participate in their own care through
pathways for self-cannulation and voicing of patient preferences (what is
important to the patient).

¢ Develop pathways for individualization of care (personalized medicine).

¢ Focus on the process of care with well-defined roles and responsibilities for
all team members.

¢ Advocate for the use of new technologies that reduce complications.



Introduction

Dialysis vascular access is currently the ‘ifeline’ for hemodialysis patients. Un-
fortunately, due to the many complications associated with dialysis vascular ac-
cess, it is also the ‘Achilles heel’ of hemodialysis. A relatively ignored aspect of
dialysis vascular access pertains to patient safety. The first part of this chapter
will describe patient safety issues in the traditional context of arteriovenous fis-
tulas (AVFs), arteriovenous grafts (AVGs) and tunneled central venous catheter
(tCVCQC). In the second half of this chapter, however, we will make the case that
a nontraditional approach which emphasizes (a) individualization of care, and
(b) patient preferences and patient involvement may be our best opportunity to
improve patient safety in hemodialysis patients.

Traditional Patient Safety Issues in Dialysis Vascular Access
Arteriovenous Fistulas

AVFs remain the preferred form of dialysis vascular access due to their superior
long-term patency and lack of infection. The main disadvantage of AVFs is a
very high incidence of maturation failure (defined as the inability to use the AVF
for dialysis due to inadequate flow and diameter), likely due to a combination of
neointimal hyperplasia and inadequate outward remodeling in the perianasto-
motic region [1, 2]. This stenotic lesion can at times also result in thrombosis. A
long period of AVF maturation, however, often results in prolonged dependence
on tCVCs with all their attendant risks of infection, thrombosis and central vein
stenosis. The prolonged presence of a tCVC could also push health care profes-
sionals towards more aggressive cannulation regimens. While this is not a bad
idea, early cannulation could potentially result in large infiltrations, which
would necessitate resting the AVF and so prolong even further the duration of
tCVC dependence and the risk of infection [3, 4]. An additional issue that has
recently come to light in the context of cannulation is an increased risk of infec-
tion with the buttonhole technique, although there is likely to be a well-selected
and defined patient population that could benefit from this approach, especially
with the right infrastructure, training and process of care [5-8].
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Arteriovenous Grafts

In marked contrast to AVFs, AVGs do not have a problem with early maturation
failure, with the vast majority being cannulated between 3-6 weeks after surgery.
Unfortunately, they do have significant problems with stenosis (most common-
ly at the graft-vein anastomosis) and thrombosis, with a recorded one year unas-
sisted primary patency as low as 23% [9]. In addition, polytetrafluroethylene
(PTFE) grafts have an infection rate of approximately 10% over the lifetime of
the graft.

Tunneled Central Venous Catheters

Although tCVCs allow for the immediate initiation of patients onto hemodialy-
sis, they can result in very significant complications as a result of catheter-relat-
ed bloodstream infections, thrombosis, inadequate dialysis and central venous
stenosis. Recent data also document a very significant increase in mortality, es-
pecially within the first 90 days of hemodialysis in patients initiating dialysis
with a tunneled dialysis catheter as compared to those starting dialysis with an
AVF or AVG [10]. Despite these statistics, almost 80% of patients starting dialy-
sis in the US do so with a tCVC, with only a quarter of these patients having a
maturing AVF. Thus, 60% of all patients starting dialysis in the US do so with
no real plan for permanent dialysis vascular access. We believe that this epidem-
ic of incident tCVC use is perhaps the biggest safety risk associated with dialysis
vascular access at the current time. How can we best address this problem?

Is There a Solution?

The best solution would of course be for every patient to start hemodialysis with
an AVF that was ready to use. This would require significant focus on the pro-
cess of care in the chronic kidney disease (CKD) stage, including early referral
to nephrology and to the access surgeon, aggressive programs for vein preserva-
tion and venous mapping, the services of a dedicated vascular access surgeon,
identification and early intervention in the setting of AVF nonmaturation and
the use of master cannulators for the initial cannulations. More than anything
else, we believe that spending resources on vascular access coordinators would
result in the greatest potential impact on successful AVF placement and matura-
tion during the CKD phase. In our minds, this would likely have a huge positive
impact on patient safety in the context of dialysis vascular access.
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Individualization of Care

While trying to ensure that every patient has a functional AVF at the time of
starting hemodialysis is a laudable goal, it is important to do this in the context
of individualization of vascular access care. Thus, while an AVF would be the
vascular access of choice in young to middle-age patients with adequate vessel
size and estimated glomerular filtration rates around 25-30 ml/min, this may
not hold true for a middle-aged patient with extensive comorbidities and small
vessels who is already dialyzing through a tCVC. In this latter instance, place-
ment of a PTFE graft (perhaps even an early cannulation graft) may be a more
appropriate plan of action from the patient safety aspect since this would result
in earlier removal of the tCVC.

Similarly, recent data suggest that patient survival is similar for octogenarians
who initiate dialysis with either a PTFE graft or an AVF, with catheters doing far
worse. This is particularly important information in the context of the large
numbers of unnecessary procedures that are often performed in elderly patients
who have AVFs placed during the CKD stage, in that these patients often die
prior to the initiation of hemodialysis [11]. Based on the papers by DeSilva et al.
[12, 13], PTFE grafts placed within a month of the initiation of hemodialysis
might be the preferred option both at the clinical and the patient safety level in
older patients with CKD.

Another approach that could optimize patient safety related to vascular ac-
cess in the future could be the use of novel therapies to enhance vascular access
survival. Thus, the best vascular access care plan for the middle-aged man with
multiple comorbidities, small vessels and a tCVC already in place as described
above may in the future not just be a PTFE graft, but rather an AVF in combina-
tion with a wrap or other device to improve AVF maturation and subsequent
rapid tCVC removal.

Patient Involvement and Patient Preferences

Finally, we strongly believe that the best way to reduce patient safety issues re-
lated to dialysis vascular access is to actively involve patients in the whole process
of vascular access care. This could be at the level of patient involvement or pa-
tient preferences.
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Fig. 1. A nontraditional approach to patient safety in dialysis access.

Patient Involvement

Active patient involvement and education about the pros and cons of the differ-
ent types of dialysis vascular access including the concept of individualization of
vascular access care as described above could go a long way towards the en-
hancement of patient safety in vascular access. Another important aspect of pa-
tient involvement could be the use of self-cannulation. This could potentially
not only reduce the incidence of infiltrations, but also give ‘ownership’ of the
vascular access to the patient.

Patient Preferences

Linked to the concept of patient involvement is the adoption of patient prefer-
ences. We believe that an individual patient’s perception of the risks and benefits
of the different forms of dialysis vascular access may be quite different from
those of the health care professionals. An older patient with multiple comor-
bidities and limited survival may feel that the use of a tCVC which avoids needle
sticks may be preferable to an AVF which may need multiple procedures to be
able to support dialysis. Although the concept of bringing patient preferences
into the decision making mix for dialysis vascular access is new, we believe that
it could allow us to develop a much more holistic and patient-centric approach
to dialysis vascular access safety.
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Conclusions

Patient safety in dialysis vascular access cannot be considered to be a stand-alone
field in its own individual silo.

We have therefore described a nontraditional, albeit more holistic approach
to patient safety for dialysis vascular access (fig. 1), which emphasizes process of
care pathways, individualization of therapy through risk stratification and the
use of novel technologies, active patient involvement and identification of indi-
vidual patient preferences.

We strongly believe that adoption of such a patient-centered approach to di-
alysis vascular access could have a very positive impact on patient safety in di-
alysis vascular access.
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Abstract

Prolonging the patency and limiting the complications of a functioning hemodialysis (HD)
access require a multidisciplinary approach. It begins with careful access planning that is
executed and continually reinforced by physicians and facility staff encouraging active
patient participation. Vascular access (VA) dysfunctions identified by regular monitoring
and surveillance need further evaluation. Color duplex ultrasound is evolving as the pri-
mary tool to evaluate functional implication of the structural problems in the VA. While
ease of scheduling makes endovascular management attractive, definitive surgical man-
agement provides better longevity and should be used when indicated. Timing of inter-
vention and selection of technique depend on optimal use of available expertise and the
nature of the problem. Avoiding a bridging HD catheter should be a priority while pro-
longing access patency and improving patient safety. ©2015 S. Karger AG, Basel

Recommendations to Improve Patient Safety

* Prolongation of access patency begins with developing and implementing a
strategy to provide vascular access (VA) for the entire end-stage renal dis-
ease life by a VA specialist and constant reinforcement by a multidisci-
plinary dialysis care team along with active patient participation.

 The aim of monitoring and surveillance programs is to prolong access pa-
tency and function using minimum intervention.



¢ Training dialysis personnel to perform physical exam before every cannula-
tion and educating patients regarding its importance are critical to prolong
patency and increase patient safety.

» While venography is a reliable tool to assess central veins, color duplex ul-
trasound provides both structural and functional evaluation of peripheral
vessels and the VA.

¢ Timely intervention to prolong access patency provides uninterrupted di-
alysis by averting access complications.

¢ Repeated angioplasty is associated with decreasing efficacy; hence, it should
be used judiciously.

o Surgical intervention for stenosis correction maintains options for future treat-
ment and should be considered prior to placement of an endovascular stent.

Introduction

Advances in patient care have increased prevalence despite a decline in inci-
dence of the end-stage renal disease (ESRD) population [1]. Hemodialysis (HD)
remains the commonest mode of renal replacement therapy in the majority of
countries [1]. Longevity on HD is dependent on its adequacy which is dependent
on vascular access (VA) function. Arteriovenous fistula (AVF), the preferred ac-
cess, has a high maturation failure rate leading to loss of multiple sites to achieve
one working access. Arteriovenous graft (AVG) has better early success, but a
shorter lifespan, resulting in use of multiple sites. The limitations of sites avail-
able to create a VA coupled with longevity of patients on HD highlights the im-
portance of prolonging patency of a functioning VA. The goal of prolonging
patency is to maintain access that provides adequate dialysis for the life of an
ESRD patient using least number of interventions.

This chapter reviews current concepts regarding access creation, monitoring
and surveillance as well as their impact on prolonging the VA patency. A focus
is placed on stenotic and thrombotic complications. We discuss tools available
to evaluate problems detected during monitoring/surveillance and the impact of
treatment strategies on long-term patency in the context of patient safety.

VA Planning and Placement

Failure rates of VA are variable but relatively high [2, 3]. Loss of standard VA
options necessitates unusual procedures (exotic access) as a desperate measure
[4]. From a patient safety perspective, this represents a system failure. Reasons
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for failure are multifactorial with elements contributed both by the patient (ed-
ucation, comorbidities, compliance and follow-up) and the providers (expertise,
evaluation, planning and follow-up). Proper VA planning and timely execution
can often remedy the situation.

The goal of access planning is to design a sequence of surgical options for
providing VA all through the lifespan of an ESRD patient. The intention is to
provide a durable VA in a timely fashion with minimal future interventions and
preserve future access options [5]. Involvement of the multidisciplinary team in
the patient care, and reinforcement of the plan throughout the ESRD lifetime
are important. Patient’s acceptance and participation are critical components to
execute such a plan.

Stenosis in the circuit is the commonest cause for VA failure. Stenosis is a result
of myointimal hyperplasia (MIH) narrowing the lumen of the vessel to the point
of occlusion. Pathophysiology demonstrates a fibromuscular thickening of the
vessel wall initiated by platelet adhesion and activation, leukocyte recruitment and
migration followed by myofibroblast proliferation [6]. Attempts to mitigate this
response targeting one or more elements of the causative pathway using systemic
agents such as aspirin, dipyridamole, clopidogrel and fish oil or topical treatments
such as paclitaxel, perivascular endothelial cell wrap or pancreatic elastase have not
resulted in significant clinical benefit [2, 3, 7, 8]. Recent studies using computa-
tional fluid dynamics provide compelling evidence that the ongoing injury re-
sponse to shear stress caused by increased blood flow is the primary driving force
for MIH. Increasing blood flow is a primary goal for VA. Fistulae that mature nor-
mally provide evidence that many veins are capable of handling increased flow [9].
Evolving data suggest that modulating flow-induced stress by altering anastomot-
ic configuration may provide a significant benefit in prolonging access patency
[10]. From the patient safety perspective, evaluation and access creation should be
performed by practitioners who specialize in this field and are aware of evolving
concepts. This is critical to obtain higher prolonged patency in a given access.

Access Monitoring/Surveillance

A well-functioning VA provides the prescribed blood flow (without recircula-
tion) that ranges from 200 to 500 ml/min during dialysis treatment. Over 90% of
VA dysfunction is a result of stenotic problems developing in the access circuit.
Manifestation of dysfunction depends on the location of stenosis in the circuit,
its diameter relative to volume of blood flow and the outflow pattern [11]. A ste-
nosis located in the juxta-anastomotic artery or vein tends to reduce inflow. A
stenosis located in the outflow vein beyond the needling segment tends to in-
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Signs for VA malfunction

High venous Access Decrease in HD Aspiration Cannulation
pressure bleeding adequacy of clots difficulties

ttm

Surveillance

Monitoring (Static) venous VA pressure
Physical and clinical VA flow (dilution technique, MRI, DUS)
examination at each HD HD quality (Kt/V or URR)

DUS (stenosis detection)

Strategies (tools) to detect VA malfunction in time

Fig. 1. Signs and tools to recognize VA dysfunction.

crease pressure within the needling area. Due to gradual development, subtle
early symptoms often go unnoticed. Patient safety is enhanced by raising aware-
ness of this problem in patients and care providers and identifying this problem
when symptoms are mild. A successful monitoring/surveillance program intends
to detect and follow evolving access problems and help plan timely interventions
to prolong patency and ensure delivery of adequate uninterrupted dialysis (fig. 1).

The term access monitoring refers to physical examination (PE) and clinical
assessment of the VA. PE has a sensitivity and specificity of 92 and 86% for out-
flow stenosis and 85 and 71% for inflow stenosis, respectively, in detecting AVF
dysfunction [12]. PE also has up to 80% positive predictive value in detecting
AVG dysfunction [13]. Limitation of PE is subjectivity and reliance on dedica-
tion for regularity and expertise of treating personnel.

The term access surveillance refers to device-based measurements (such as VA
pressures and blood flow) that have been developed to overcome the limitations of
PE. Serial measurements of adequacy parameters (Kt/V or urea reduction ratio -
URR) of HD have not proved very useful in detecting stenosis. An acute decrease in
Kt/V >0.2 units with AVG has shown a positive predictive value of 69% in detecting
significant graft stenosis [13]. Clinical signs of dysfunction such as difficulty in can-
nulation, aspiration of clots or prolonged needle access site bleeding often prompt
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evaluation. Attempts to correlate these symptoms to stenosis showed a positive pre-
dictive value of 76% for prolonged bleeding, 50% for difficulty in cannulation and
30% for aspiration of clots [13]. Surveillance attempts to detect stenosis based on
pressure and flow measured in the needle access segment (in the absence of other
etiologies e.g. kinked tubing, poor needle position etc.). Prospective studies indicate
a positive predictive value of 92% for abnormally high static VP/MAP in detecting
outflow stenosis [14]. Access flow can be measured with a US dilution technique
(UDT), magnetic resonance imaging, differential conductivity or duplex ultra-
sound (DUS). Flow monitoring shows a high positive predictive value in detecting
significant stenosis [15]. It is favored over static pressure monitoring in VA. UDT
is the most common surveillance method used in the United States.

Color DUS (CDUS) provides accurate and reproducible data when used for
access surveillance. It provides direct visualization of the stenosis and measure-
ment of velocity changes indicative of hemodynamic stress at the stenosis [15].
CDUS can be performed in the dialysis units, though currently it is performed
in hospital laboratories or clinic settings.

Studies using flow surveillance in AVG have shown 87-100% positive predic-
tive value in detecting hemodynamically significant stenosis. However, prophy-
lactic intervention has failed to show a reduction in thrombosis and prolonga-
tion of AVG survival. Flow surveillance has shown benefit in reducing throm-
bosis with a trend towards increased longevity in AVF [16].

For AVG, NFK-KDOQI recommends PE for access monitoring. It lists use
of intra-access flow, direct or derived static venous pressures and US as pre-
ferred techniques for access surveillance. For AVF, direct flow measurements,
physical findings of persistent swelling of the arm, presence of collateral veins,
prolonged bleeding on needle withdrawal, altered characteristics of pulse or
thrill in the outflow vein and US are preferred techniques of surveillance [17].

In summary, evolving stenotic problems in VA that risk thrombosis and access
loss can interfere with dialysis but go unnoticed. A recent prospective blinded AVF
study has shown PE exam to rank close to flow (Qa) measurement in detecting >50%
inflow stenosis and just behind VP in detecting outflow obstruction [18]. As surveil-
lance with pressure and flow are effective in detecting stenotic problems only after
they exceed a critical threshold, there is controversy about their cost effectiveness
and utility in prolonging the life of an access. Training and education of patients
and care providers to evaluate the access at every dialysis treatment can make sig-
nificant improvement in early detection of access dysfunction at no additional cost.

Patient safety is enhanced by dialysis facilities adopting protocols for access
monitoring and surveillance coupled with timely referral for evaluation based
on local practices. Access dysfunction that impairs delivery of adequate dialysis
should be further evaluated.
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Table 1. Comparison of CDUS with fistulography for dysfunctional access evaluation

CDUS Angiography

Noninvasive Invasive

Can be performed in a variety of settings Requires a specific environment and setup
Provides structural evaluation Provides structural evaluation

Provides function evaluation Has a limited ability to evaluate function

Used for intervention Used for intervention

Reliable for evaluation of peripheral veins Less reliable for evaluation of peripheral veins
Not reliable for evaluation of central veins Reliable for evaluation of central veins
Economical Expensive

Evaluation of Access Dysfunction

VA that is unable to provide adequate Kt/V or URR, or >25% persistent drop in
Qa, or persistent elevation in static venous pressure needs to be evaluated. CDUS
and fistulography are two modalities to be considered. B mode US provides di-
rect visualization of vessel wall, lumen and surrounding tissue. It provides func-
tional data including luminal diameter and effect on blood flow. DUS is not as
reliable in evaluating the central vascular system. Fistulography, on the other
hand, is an invasive technique requiring an institution-based expensive setup
and provides luminal dimensions limited by the contrast flow in the vessel. A
well-conducted fistulogram can provide visualization of the entire VA circuit,
starting and ending at the heart. It is still considered the gold standard to evalu-
ate central veins. Table 1 outlines the key differences between US and fistulog-
raphy. Structural and functional information obtained by CDUS provides an
opportunity to avoid angiography and interventions on stenosis that are not
hemodynamically significant.

Management of Dysfunction to Prolong Access Patency
Needle Access Site Complications

Prolonged bleeding from the needle puncture in an AVF is often controlled with
pressure. Occasionally, a simple skin suture using 3 or 4-0 monofilament non-
absorbable material like nylon or polypropylene on a noncutting needle may be
necessary. Prolongation of partial thromboplastin time resulting from heparin
administration during dialysis is a common cause of bleeding. Adjustment in
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Fig. 2. Local skin excision with vein repair to preserve the same VA.

dosage of anticoagulants or antiplatelet agents may resolve the problem. PE sug-
gesting high pressure (pulsatile access) within the access warrants further evalu-
ation after control of acute bleeding.

A CDUS measurement of brachial artery flow upstream may reveal an out-
flow stenosis or a high flow (causing high intra-access pressure) risking develop-
ment of aneurysms. Changing the needle puncture site is an option to prevent
further problems in some patients. Avoiding needle access of aneurysms from
the top where there is paucity of subcutaneous tissue and approaching them
from the sides through healthy skin and subcutaneous tissue often resolves the
bleeding problem and provides safe needle access [19]. Treating outflow stenosis
or flow reduction should be considered when the problem persists.

Ulceration of the skin caused by infection or a neglected subcutaneous hema-
toma requires surgical intervention under antibiotic coverage following acute
control of bleeding with site compression or suturing. Excision of infected skin,
repair of the underlying vein wall defect and provision of a healthy skin cover
prolongs access patency and often avoids the use of a bridging catheter. Figure
2 illustrates one such case where the access is in use all through the postoperative
healing phase. While endovascular placement of a covered stent has been re-
ported for acute management, it is at a higher risk for infection [20] making it
an unsafe clinical practice.

Bleeding problems in AVG, with healthy skin, are managed similar to those
in AVF. Using a covered stent is a relatively common practice in the United
States for persistent bleeding or thinned out skin with underlying defects in an
AVG. While there are reports of successful management of bleeding and threat-
ened rupture, there are also reports of problems (stent fracture, stent infection
and exposure through skin) with this approach. None of the covered stents avail-
able in the USA are currently approved for this indication by the FDA. Despite
this, cover stents have evolved as a viable option for acute management of bleed-
ing from AVG to prolong patency in the absence of infection [20, 21].
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Stenosis

Percutaneous transluminal angioplasty (PTA) with or without stent graft place-
ment or surgical revision are tools available to manage stenosis [22, 23]. Surgical
approaches include patch angioplasty, excision of the stenotic segment with re-
construction or surgical bypass of the stenosis [24]. Details of surgical manage-
ment are discussed in the chapter by Lazarides et al. [this vol., pp. 153-163].

Treating stenosis with PTA has an inherent disadvantage of inducing a fi-
brotic healing response, resulting in decreasing benefit with repeat procedures
[25]. Bare metal stents have not shown benefit over PTA alone unless there is
>30% residual stenosis or elastic recoil. Covered stents show benefit over PTA
alone for stenosis at graft to vein anastomosis but fail to extend graft survival.
Their longevity is limited by MIH that develops at the outflow and the inflow of
the stent resulting in stenosis/occlusion and loss of proximal vein segment for
surgical intervention.

Thrombosis

A thrombectomy should be attempted within 1-3 days to provide uninterrupted
dialysis during acute thrombosis which is commonly seen with AVG. All throm-
bectomy attempts should evaluate the entire access circuit and attempt to treat
the cause. Being less invasive and easier to schedule, percutaneous techniques
are preferred [26]. Surgical approaches provide safety in removing acute and
chronic thrombi within large aneurysms but have the disadvantages of schedul-
ing issues and difficulty in evaluating the entire circuit. Expertise with and avail-
ability of hybrid operating rooms that provide the ability to combine the advan-
tages of both options are ideal [27].

While 6 months’ primary patency (PP) for surgical thrombectomy is margin-
ally better (50 vs. 40%), its initial success is similar (75-90%) to endovascular
technique [28]. It is common practice to consider surgical thrombectomy when
the longevity of 2 successive percutaneous interventions is <3 months [29]. For
definitive surgical repair, placement of an interposition graft is preferred over
patching the stenosis. Recent literature suggests better PP at 1 year with surgery
is better than the endovascular approach (70 vs. 50%), especially for forearm fis-
tula. A retrospective cohort study showed better results for the hybrid approach
as opposed to endovascular alone [27].

Surgical venoplasty opens the stenosis using autologous vein or artificial
patch material such as polytetrafluoroethylene or bovine pericardium. Recur-
rent MIH results in its eventual failure by restenosis/occlusion but preserves
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the option for PTA and stenting. As the goal of access management is to
maintain the access site for the longest period of time, we prefer surgical re-
pair prior to stent placement for any stenotic lesion that is surgically acces-
sible. This is an important patient safety issue in prolongation of access pa-
tency.

Summary

Prolonging the patency of an access circuit is a key element for patient safety. It
starts with optimal access planning utilizing DUS and surgical techniques that
minimize hemodynamic stress responsible for the development of MIH. Moni-
toring, surveillance and timely interventions play a key role in prolonging the
access patency. It is important that the access plan developed and communi-
cated to the patient gets reinforced by all personnel involved in patient care ac-
tivities.
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Abstract

A great variety of thrombotic and nonthrombotic events may complicate all types of vas-
cular access (VA) procedures. Thrombotic events are the most frequent complication,
caused by stenoses in various locations, representing a common problem for arteriove-
nous fistulas (AVFs) and arteriovenous grafts (AVGs). Monitoring AVF with physical ex-
amination by trained physicians represents an accurate method for diagnosis of mal-
function. AVF stenoses >50% in diameter should be treated either by surgical or endo-
vascular means when accompanied with access malfunction. Aneurysms and infections
represent the most frequent nonthrombotic VA complications. Access-related aneurysms
do not represent per se an indication for intervention; however, anastomotic aneurysms
and those with skin erosion should be repaired urgently to avoid rupture. Infections of
AVFs are extremely rare, while AVG could be complicated either with postoperative infec-
tions attributable to the initial procedure with an early onset and more frequently with
late infections caused by punctures, with an annual rate of 5%. Treatment options for AVG
infections comprise total or subtotal graft excision or partial excision of the involved seg-
ment only, the latter representing a VA salvage procedure but with a significantly higher
risk of recurrence. © 2015 S. Karger AG, Basel

Recommendations to Improve Patient Safety

* Check after creation of an arteriovenous fistula or arteriovenous graft
(AVG) for palpable thrill or a bruit: The presence of a strong pulse in the
draining vein without a thrill or bruit indicates a proximal venous stenosis.
Patients need an instruction when checking their vascular access (VA) dai-
ly for bruit and thrill.



¢ Failed or failing VA needs revision by surgical or endovascular means de-
pending on the location of the lesion. Check thrombosed accesses after
thrombectomy for underlying stenotic lesions that have to be corrected.

 Anastomotic aneurysms and those with skin erosion (mostly false aneu-
rysm of AVG) should be repaired urgently to avoid rupture and life-threat-
ening hemorrhage. Patients should be informed about this complication.

* Aneurysms are often associated with proximal stenosis, and this should be
corrected simultaneously.

¢ The best policy to prevent infection is to limit the implantation of synthetic
prostheses only to patients with no autogenous options.

Introduction

The failure of vascular access (VA) represents the major cause of morbidity for
those end-stage renal disease patients on hemodialysis, and access maintenance
is the most frequent cause of hospitalization for such patients [1]. The subse-
quent extended length of stay commonly encountered in older patients is also
related to further adverse events as hospital-acquired infections and fever, pro-
longed catheterization predisposing to central venous obstruction and delay in
access revision with increased associated costs. The VA maintenance cost in-
creases 5-fold for those patients with a failed autogenous access [2].

A great variety of thrombotic and nonthrombotic events may complicate all
types of VA procedures and necessitate a wide spectrum of rescue operations.

Stenoses and Thrombosis in Arteriovenous Fistulas or Grafts

Thrombotic events represent the most frequent complication of all VA with an
incidence rate of 0.2/patient/year for arteriovenous fistula (AVF) and 0.8/pa-
tient/year for synthetic arteriovenous graft (AVG) [3]. Therefore, redo surgery
is the rule rather than exception in VA patients.

Stenosis is a common problem for AVFs and AVGs and represents the main
cause of dysfunction and thrombosis, and the choice of the best method for re-
pair depends on the location of the lesion. Access stenosis has been classified
based on its location as: juxta-anastomotic (type I), in the cannulable segment
(type II) and at the outflow into the deep venous system (type III) [4] (fig. 1).
There are two additional categories of stenoses not involving the access itself,
those of the central veins caused by longstanding catheters and those of the arte-
rial inflow [5].

154 Lazarides - Georgiadis - Argyriou

Widmer MK, Malik J (eds): Patient Safety in Dialysis Access.
Contrib Nephrol. Basel, Karger, 2015, vol 184, pp 153-163 (DOI: 10.1159/000365912)



Central vein
stenosis

Type III stenosis
junctional

V. cephalica

Type Il stenosis
outflow vein

A. brachialis
V. cephalica

o Type I stenosis
juxta-

®/ anastomotic

Feeding artery
stenosis

V. basilica

A. ulnaris

Fig. 1. Schematic representation of the main types of stenotic lesions complicating ac-
cesses.

Juxta-anastomotic type I stenosis is the most frequent reason for access dys-
function, especially in the distal radiocephalic AVFs. With endovascular means,
in most cases the fibrotic perianastomotic tissue necessitates high-pressure or
cutting balloons and prolonged dilatation times, and therefore most authors
suggest surgical revision instead, with creation of a new anastomosis a few cen-
timeters proximally; however, in brachiocephalic AVF, a short polytetrafluor-
ethylene segment may be needed to bridge the greater distance between the ar-
tery and the vein [5, 6].
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Type I is a mid-vein cannulable segment stenosis and should be first treated
with PTA (percutaneous transluminal angioplasty) in autogenous accesses in
order to preserve the length of the needling site of the vein; however, in case of
failure an interposition graft should be inserted [4]. In this type of lesions, the
dialysis dose is usually not affected because the stenosis often falls between the
arterial and venous needles [5].

Type I and II stenoses are not frequent in AV grafts, where type III stenosis
is the predominant type of stenosis causing access failure and should be treated
either by endovascular or open surgical means consisting of patch angioplasty
or jump graft repair depending of center’s experience and availability. Regarding
the endovascular methods of treatment, stent grafts have better patency rates in
comparison to PTA alone according to a recent randomized study [7]. Cephalic
arch stenosis is the equivalent of type III stenosis in AVF; PTA should be the first
choice as the use of stents may cause axillary vein obstruction, while surgical ce-
phalic vein transposition is an alternative option with equal patency but fewer
reinterventions [8].

Stenoses of central veins principally induced by longstanding catheters can
become symptomatic as a result of increased flow when an ipsilateral AV fistula
is functioning distally to an obstruction. In case of complete venous outflow ob-
struction, venous hypertension with intractable upper arm painful edema occa-
sionally involving the breast and head may necessitate urgent intervention to
avoid tissue loss of the fingers. Access ligation and abandonment bring immedi-
ate relief of the complaints but requires a new access creation, which is not always
feasible. Surgical repair of the inflow obstruction is not recommended as first
choice because of the significant morbidity and mortality of such ‘exotic’ major
operations, in opposition, PTA is recommended as the treatment of choice, but
it is a matter of debate if primary stenting would be a better option [9].

Arterial inflow stenoses represent atherosclerotic lesions proximal to the
anastomosis, and their clinical picture is usually characterized by delayed AVF
maturation. These lesions usually involving the radial artery are best treated
with PTA [10].

All accesses should be evaluated immediately after their creation and then
routinely examined during their life span. After creation of an AVF or AVG,
there should be a palpable thrill or a bruit; the presence of a strong pulse in the
draining vein without a thrill or bruit indicates a proximal venous stenosis.
Monitoring AVF with physical examination by trained physicians represents an
accurate method for diagnosis of malfunction [11].

AVF stenoses >50% in diameter should be treated either by surgical or endo-
vascular means when accompanied with low flow, difficulties in cannulation,
painful edema or prolonged bleeding at puncture sites [12] (fig. 2). None of the
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Fig. 2. Algorithm of the preferential treatment methods in failing accesses.

currently available surveillance methods (periodic assessment using technical
devices) can reliably distinguish between stenosed VA destined to clot, and
those that will remain patent without intervention [13]. As a consequence, a per-
centage of unnecessary angioplasties are performed based on surveillance find-
ings only.

Thrombosis of AVF necessitates treatment as quickly as possible because de-
layed intervention allows the thrombus to propagate, and become fixed to the
vein wall with a local inflammation, making any thrombectomy attempt difficult
and predisposing to arterial wall damage with its risk of re-thrombosis. Throm-
bosed VA can be treated either by an open or endovascular intervention. Throm-
bectomy alone is generally insufficient unless the underlying stenotic lesion is
corrected.

Aneurysms

Aneurysms may complicate 2-10% of all types of VA [14]. These may be false
aneurysms (also called pseudoaneurysms from the Greek word pseudos: false)
and true aneurysms caused by degeneration and subsequent dilatation of the
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Fig. 3. Skin erosion about to rupture caused by a false aneurysm in a brachiocephalic AVF.

Table 1. Indications for surgical repair of aneurysms in AVG and AVF

AVFs

Size exceeding 2-fold the graft diameter

Rapid enlargement

Skin thinning or erosion

Rupture

Pain (throbbing)

Large or multiple aneurysms limiting the cannulable area
Signs of infection

Wall-adherent thrombus

Anastomotic aneurysms

Cosmetic reasons

AR

AR N N
(A
(%]

RERNEN

whole native vein wall. In contrast to AVF where true aneurysms are the most
frequent type, aneurysms in AVG occur mostly as false aneurysms and less fre-
quently as anastomotic aneurysms. The false aneurysms represent a chronic
blood extravasation through a circumscribed graft defect surrounded by throm-
bi encapsulated in a gradually developed fibrous false wall. The updated DOQI
guidelines differentiate between true and false aneurysms and suggest surgical
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treatment of the enlarging false aneurysms and those exceeding twice the diam-
eter of the graft to prevent the risk of acute rupture. The indications for surgical
repair of aneurysms summarizing suggestions from guidelines and articles are
presented in table 1 [15, 16]. Access-related aneurysms do not represent per se
an indication for surgery; however, anastomotic aneurysms and those with skin
erosion should be repaired urgently to avoid rupture and life-threatening hem-
orrhage (fig. 3).

Pseudoaneurysms can be managed either with conventional surgery or with
endovascular techniques; however, conventional surgery represents the current
standard treatment [17, 18]. Surgical correction includes resection of the in-
volved segment and new graft interposition in situ, or aneurysm ligation/exclu-
sion followed by a bypass graft adjacent to the old one via new route in cases of
suspected contamination of the sac [16].

There are many recent series reporting results of stent graft repairs in AVG
but with small number of patients and limited follow-up; contraindications of
this method include overt graft infection, presence of skin erosion, need to cross
the elbow or axilla and lack of adequate landing zones [18, 19]. Aneurysms are
often associated with proximal stenosis and both lesions should be treated si-
multaneously [18].

True aneurysms can be repaired with aneurysmorrhaphy (fig. 4), where the
excess sac of the aneurysm is resected, and a new autogenous access is recon-
structed by plicating the excess free wall [17].

Infection

Infection of autogenous accesses is extremely rare, while AVG could be compli-
cated with two main types of infections: (1) postoperative infections attributable
to the initial access procedure with an early onset (<1 month) and an incidence
of 0.8%, representing only 6% of the total AVG infections and (2) late infections
caused by punctures, representing >50% of the total, with an annual rate of 5%
[20]. Bacteremias are 5 times more frequent in grafts than in AVF (3.1 vs. 0.6
bloodstream infections per 100 patient months) [21]. Staphylococcus species are
the most common culprits in over 70% of the cases [22].

The difference between AVF and AVG is that infection in autogenous ac-
cesses can be treated successfully with antibiotics (and potential drainage) with
the exception of those infections involving the anastomosis because of the risk
of suture line bleeding and those complicated with septic emboli necessitating
access ligation.
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Fig. 4. Details how to perform aneurysmorrhaphy to correct true AVF aneurysm: a Inci-
sion of overlapping skin with preparation of the aneurysm to control in- and outflow.
b Excision of the aneurysmatic vein wall. ¢ Suture line using a tube graft as model to com-
plete a ‘new’ vein with a diameter of approximately 6 mm.
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Fig. 5. Infected forearm loop AVG with skin erosion; the inflammatory infiltration involves
the entire AVG, and total excision is mandatory.

Treatment options for AVG infections comprise: (1) total graft excision, with
optional vein patching of the donor artery anastomotic site; (2) subtotal graft
excision with an oversewn cuff of prosthetic material left at the donor artery site;
the latter avoids hazardous dissection near an artery fixed in scar tissue, mini-
mizing the risk of accidental adjacent nerve damage or hemorrhage, and (3)
partial excision of the involved segment only, with interposition of a new graft
through an uncontaminated field via a new route [23].

Total graft excision represents the most effective way to eradicate the infec-
tion with a very low recurrence rate of 1.6%. In early infections, in the vast ma-
jority of cases the graft is not incorporated in the adjacent tissues, and it is eas-
ily removed through multiple short incisions; the latter should be left open to
heal by secondary intention. Partial excision of the infected segment rescues the
access site but has a 29% risk of recurrence. This method is particularly appli-
cable where the infection is ‘late’, usually local in nature and cannot easily spread
along a well-incorporated graft [23].

Ultrasound is useful to locate fluid collections and determine the extent of
the infection; when there is inflammatory infiltration of the entire graft length,
total excision should be undertaken (fig. 5). Although theoretically biological
grafts should be preferential over polytetrafluorethylene grafts in infected areas,
the former did not fulfill expectations regarding patency and frequently are
complicated with aneurysmal degeneration [24].

Safety Issues in Techniques to Rescue Failing or Failed AVF/AVG 161

Widmer MK, Malik J (eds): Patient Safety in Dialysis Access.
Contrib Nephrol. Basel, Karger, 2015, vol 184, pp 153-163 (DOI: 10.1159/000365912)



The best policy to prevent infection is to limit the implantation of synthetic

prostheses only to patients with no autogenous options, and in these cases me-

ticulous antiseptic measures and use of surgical drapes are crucial. Avoiding

premature puncturing of AVG (<3 weeks from creation), perioperative antibi-

otic prophylaxis and careful needling with a sterile technique after maturation

is the recommended policy [24].
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Abstract

Hand ischemia is rare but complex and multifactorial. Distal arteriopathy below the vas-
cular access (VA) is responsible in the vast majority of patients and not a problem of high
flow of the VA. Therefore, surgical technique should focus on improving blood flow and
pressure instead of reducing blood flow. We present an overview of the standard tech-
niques which are recommended to treat VA-induced hand ischemia. The banding tech-
niques, most of which empirical and not codified, have been abandoned by the majority
of the authors because of a high rate of failure and reintervention. Ligation may be neces-
sary in patients with severe ischemia and diffuse arterial lesions and in case of ischemic
monomelic neuropathy. ©2015 S. Karger AG, Basel

Recommendations to Improve Patient Safety

Developing severe ischemic symptoms requires prompt recognition and
treatment to avoid irreversible neurological damage and extensive tissue
loss leading to major amputation.

Surgical techniques such as distal revascularization and interval ligation
aimed to improve blood flow and pressure to the hand without changing
flow through the vascular access are key. Other techniques i.e. revision us-
ing distal inflow proximalization of arterial inflow/proximalization of the
arteriovenous anastomosis are aimed to improve blood flow of the hand by
reducing VA flow. Banding is not popular yet.



* Ligation of the distal radial artery below an end-to-side radiocephalic fis-
tula is effective in treating reversal of flow in patients with patent ulnar and
digital arteries.

* Ligation may be necessary in patients with severe ischemia and arterial le-
sions or in case of ischemic monomelic neuropathy.

Clinical Presentation of Hand Ischemia

Hand ischemia is a severe adverse event in vascular access (VA) surgery that has
an incidence of 1-10% [1-29]. Symptoms are usually mild with extremity cool-
ness and vague neurosensory changes and, in most cases, resolve within a few
weeks and clinical presentation can be classified into 4 stages [1].

Development of severe threatening acute or disabling chronic ischemic
symptoms that requires prompt recognition and appropriate treatment occurs
in approximately 5% (1-8%) of patients with VA [1-3, 6-8]. Clinical manifesta-
tions are most commonly symptoms of chronic critical ischemia such as rest
pain, muscle weakness, digital ulcerations and finger or hand gangrene. Patients
at risk of developing ischemic symptoms are more likely to be female, diabetics
with brachial origin fistula who have forearm and digital arteriopathy [1-3, 16].

Ischemic monomelic neuropathy is a rare cause of severe sensory-motor im-
pairment of the forearm that occurs immediately after fistula creation and where
often no clear signs of finger malperfusion can be seen. Such a situation requires
immediate ligation of the VA. It is thought to be due to a transient reduction in
blood flow that causes ischemia of the vasa nervorum with sudden and permanent
sensory and motor impairment involving multiple nerve groups of a distal limb.
Ischemic monomelic neuropathy is most commonly associated with diabetes, ath-
erosclerotic vascular disease, and brachiocephalic and prosthetic grafts [3].

The diagnosis of hand ischemia is suspected clinically, and the diagnosis is
confirmed by measurement of distal and/or forearm Doppler pressure and flow
and by recording digital pulse wave plethysmography, with and without manu-
al compression of the fistula [11, 13]. Increase in distal pressure or improvement
of the pulse wave after access compression confirms hemodynamic ischemic
symptoms. Digital pulse oximetry has also proved useful in diagnosing VA-in-
duced hand ischemic syndrome. A fistulogram, with and without VA compres-
sion, may document the presence of flow reversal and evaluate the arterial status
below the VA.

Prompt recognition and appropriate treatment are necessary to avoid irre-
versible neurological damage and extensive tissue loss leading to finger or major
hand and forearm amputation [1, 2, 4].
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Treatment Concept of Hand Ischemia

The purpose of treatment is to relieve ischemic symptoms by improving distal

perfusion to the hand, while preserving VA. The choice of the more appropriate

technique should be based on the underlying hemodynamic mechanism of isch-
emia and the location of the arteriovenous fistula (AVF) [21-23]. Since the vast

majority of patients with hand ischemia do not have VA high flow defined as a

flow greater than 1.5 [/min, the choice of the technique should focus on improv-

ing distal flow to the hand rather than focusing on reducing the flow of the VA.
The various surgical techniques designed to treat ischemia and to preserve
the access include:

(1) Distal radial artery ligation below an end-to-side radiocephalic AVF to treat
reversal of flow [10-13].

(2) Techniques aimed to improve blood flow of the hand without changes of the
VA flow such as distal revascularization and interval ligation (DRIL) [1-8,
15-23].

(3) Techniques aimed to improve blood flow of the hand by reducing VA flow,
i.e. banding, revision using distal inflow (RUDI) [17, 18, 27], proximaliza-
tion of arterial inflow (PAI) or proximalization of the arteriovenous anasto-
mosis (PAVA) [25, 28, 29].

Treatment of Hand Ischemia at the Wrist

In patients with patent ulnar and digital arteries, occlusion of the distal radial
artery below the fistula by ligation or embolization is an easy and simple way of
treating the VA-induced hand ischemia (fig. 1) [10-13]. This technique de-
scribed by Storey et al. [10] effectively eliminates the steal and restores antegrade
flow to fingers. Before considering ligation of the artery, evidence of the effi-
ciency of this approach can be documented by relief of symptoms after manual
compression of the artery below the AVF [11]. Measurement of distal and/or
forearm Doppler pressure and of digital pulse wave plethysmography with and
without manual compression of the fistula is also useful. Intraoperative occlu-
sion of the distal radial artery with a ballon catheter with an increase in radial
pressure can further demonstrate that occlusion of the radial artery would be
beneficial in ischemic symptoms [11, 13]. Miller et al. [13] reported 15 cases; 10
were treated with embolization and 5, in whom embolization was not possible,
with ligation. Complete resolution of symptoms was experienced in 100%
(10/10) of patients who received distal radial artery embolization and by 3/5 pa-
tients who required ligation.
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Fig. 1. Treatment strategy of hand ischemia at the wrist — performing a distal radial artery
ligation.

Fig. 2. Schematic representation of the different procedures: DRIL (a), RUDI (b) and PAVA (c).
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Another option is a DRIL procedure. The DRIL procedure in the forearm
(described in detail for the upper arm below) aimed to improve blood flow to
the hand is the best option in patients with severe forearm and digital arteriopa-
thy. If distal ligation and DRIL are not an option or are not successful, fistula
ligation is mandatory.

Treatment of Hand Ischemia at the Elbow in Patients with Normal VA Flow
The DRIL Technique and Results

The DRIL technique, which was initially described by Schanzer et al. [2] and sub-
sequently reported by many authors, has clearly shown to improve distal perfu-
sion [7, 21-23], allowing relief of ischemic symptoms and maintenance of fistula
function [8, 12, 15-17, 19-26]. The DRIL technique works by establishing antero-
grade flux in the hand and by eliminating retrograde flow. A bypass constructed
of reversed saphenous vein or PTFE is anastomosed to the brachial artery 10 cm
above the arteriovenous anastomosis to avoid diastolic retrograde flow from the
bypass to the fistula (fig. 2). Gradman and Pozrikidis [30] have shown that per-
forming the DRIL bypass distal to the brachial artery (mid-brachial DRIL) pro-
portionally reduces the forearm blood flow compared to the more proximal DRIL
at 10 cm above the fistula. The vein graft is then anastomosed distally in the fore-
arm either to the brachial, ulnar or radial artery. The artery is then ligated just
below the AVF to eliminate retrograde flow towards the fistula (fig. 2) and directs
flow in the bypass to the distal arterial network. Ligation prevents flow inversion
from the collaterals to the AVF and maintains antegrade perfusion to the hand.

After the initial descriptions of the DRIL technique by Schanzer et al. [2], an
increasing number of publications in the literature [3-8, 12, 15-17, 19-23] have
reported impressive results with a success rate approaching 80-90% in terms of
relief of symptoms, healing of lesions, arterial bypass patency and maintenance
of VA, as summarized in table 1. About 75% of patients are cured, 15% are im-
proved and 0-5% require fistula ligation. The DRIL technique can be used to
treat ischemia involving fistulas of the wrist and elbow as well as the lower ex-
tremity [4]. The material of choice for the DRIL bypass is the greater saphenous
vein [4], although PTFE grafts, cephalic or basilic veins, lesser saphenous vein
and femoral vein have also been used. Cryopreserved arterial material was the
graft of choice in one case series.

However, despite good results, some surgeons are still reluctant to ligate a
‘normal’ brachial artery because of the risk of acute ischemia in the case of bypass
thrombosis [25, 26], although this has never been reported in the literature be-
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Table 1. Clinical presentation of hand ischemia

Stage Description Indication

I pale/blue and/or cold hand without pain expectation

I pain during effort and/or hemodialysis diagnostics/intervention
I rest pain intervention

v ulcers/necrosis/gangrene urgent intervention

cause of the collaterality at the level of the shoulder and elbow. In case of recur-
rence of ischemic symptoms due to thrombosis or deterioration of a DRIL by-
pass, repeat venous or prosthetic bypass can be performed. Concerns have also
been raised about the long-term durability and effectiveness of the DRIL bypass
in a patient population with severe arterial diseases, heavy comorbidities and
limited life expectancy.

Two recent reports by Knox et al. [5] and Huber et al. [20] with the largest
series of DRIL procedures reported in the literature, not only showed the ben-
efit of the DRIL technique but also demonstrated its long-term durability and
effectiveness with a 5-year follow-up.

Aimagq and Katz [3] reported in a recent publication 88 DRIL procedures in 77
patients. Thirty-eight DRIL were performed for ischemic rest pain (46.9%), 21 for
digital ulceration (25.9%), 16 for neurological deficits (19.7%), and 6 for digital
gangrene (7.4%). Complete symptoms resolution was seen in 31 patients with isch-
emic rest pain (81.6%), 19 patients with digital ulceration (90.5%), 9 patients with
neurological deficits (56.3%), and 5 patients with digital gangrene (83.3%). Inter-
estingly enough, best results were achieved in patients with rest pain and tissue loss
compared to patients with neurologic deficits. Among them, 4 underwent fistula
ligation and 3 refused further intervention. After ligation, only one patient had
complete resolution of symptoms, and 3 had persistent neurological symptoms.
However, it is not clear if initial ligation would have been more beneficial than the
delay in treatment caused by the attempt of fistula preservation prior to ligation.

Treatment of Hand Ischemia at the Elbow in Patients with Normal or High
VA Flow

A variety of techniques, such as the bandings, RUDI and PAVA or PAI, are
available to treat hand ischemia in patients with normal or high VA flow. As a
matter of fact, most patients in our experience and in the literature do not have
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high VA flow that is defined as flow greater than 1.5 1/min. However none of
these techniques is well codified with varying degrees of success.

The Banding Techniques

Fistula banding or plication is aimed to increase the resistance of the fistula to di-
vert flow below the fistula to the native artery [24-26]. This reduces flow in the
fistula and threatens its survival. However, most of these techniques are empirical,
not well codified and reproducible and pose many questions: (1) It is not clear
where the reduction should be placed, whether on the arteriovenous anastomosis
or the vein or both. (2) What is the optimal percentage of surface reduction in or-
der to satisfactorily reduce flow without taking the risk of having a fistula throm-
bosis? For these reasons, many reports of banding show high rates of fistula
thrombosis, and these techniques have been abandoned by most authors [1-8, 16].

Intraoperative pressure or flow monitoring may improve the success of the
procedure while preserving fistula flow. In one series, distal artery flow was
monitored by digital plethysmography to achieve a digital pressure of greater
than 50 mm Hg and a digital to brachial pressure index greater than 0.69. This
approach relieved steal symptoms in all 16 patients, but only 10 (63%) had sat-
isfactory graft function for more than 6 months [24]. Zanow et al. [25] reported
a series of 78 patients with VA-induced hand ischemia and high fistula flow.
Banding was tailored to reduce fistula flow to 400 ml/min in autogenous grafts,
and 600 ml/min in prosthetic grafts. Ischemic symptoms were relieved in 86%
of patients with 91% of autogenous fistulae remaining patent at 12 months. Pri-
mary patency rate for fistula and graft was 91 versus 58% at 12 months and 81
versus 41% at 36 months, respectively. Most interestingly, mean preoperative
flow was 1,691 ml/min and dropped postoperatively to 499 ml/min in fistula and
to 676 ml/min in grafts. The authors suggested that higher flow rates (>750 ml/
min) in the graft were required to prevent thrombosis.

Guptaetal. [16] also reported 62% of thromboses among 22 bandings in a series
including other procedures to treat hand ischemia such as DRIL, PAVA and RUDL
Among the 11 reinterventions, 8 (73%) were needed in patients with banding.

More recently, the minimally invasive limited ligation endoluminal-assisted
revision (MILLER) technique describes a modified method of banding [26]. In
this procedure, the fistula is exposed, and a 4- to 5-mm balloon is introduced
into the fistula and inflated. A nonresorbable suture is tied around the inflated
balloon and vein to achieve a defined reduction in balloon diameter. In the orig-
inal report of 16 patients, all had improvement in symptoms, 2 required further
revision of their fistulae, and all were patent at a mean of 3 months of follow-up.
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The RUDI Technique

This procedure involves ligation of the fistula at its origin followed by reestab-
lishment of the fistula via a saphenous vein bypass from a more distal arterial
source to the fistula (fig. 2). By using a smaller distal artery as inflow, RUDI
lengthens the fistula, decreases the diameter, and preserves antegrade flow in the
brachial artery. In contrast to DRIL, it is the fistula, not the native arterial supply
that is placed at risk by ligation and revascularization. However, the overall suc-
cess rate for radial artery-based access procedures is fairly poor in the elderly and
diabetics.

Whether this is effective because of the increase in arterial resistance proxi-
mal to the fistula or through other mechanism is yet unknown. Moreover, it is
not clear what the ideal length and diameter are of the conduit of the bypass to
achieve improvement of distal flow.

Minion et al. [27] reported a small series of 4 patients with 4-14 months of
follow-up. Three patients had complete resolution of symptoms, with marked
improvement of the average finger pressure. The 4th patient experienced resid-
ual paresthesia with no improvement of finger pressure.

Callaghan et al. [17] recently published his experience in 7 patients with au-
togenous fistula and found that 3 fistulas had failed, 2 within days and one at 8
months. The authors conclude that although RUDI was successful at treating
ischemic symptoms, a high rate of AVF failure was seen requiring technical
modifications and further experience before becoming a valuable method.
Ehsan et al. [18] have suggested a modified technique for brachiocephalic fis-
tula to prevent ischemic symptoms called the ‘extension technique’. In this tech-
nique, the anastomosis is done between the median cephalic or basilic vein and
the ulnar or radial artery 2-3 cm distal to the bifurcation in an end-to-side fash-
ion. This technique was used in 32 upper arms in patients deemed to be at ‘high
risk’ of developing hand ischemia and was found to be safe and effective with
good patency rate.

The PAVA or PAI Technique

Two authors have reported their experience with the PAVA or PAI technique
that consists of performing proximal anastomosis to a more proximal mid-bra-
chial or axillary artery by using a small-caliber (4 or 5 mm) or a 4-7 tapered ex-
panded PTFE graft as feeder [28, 29]. The more proximal artery has a larger
diameter, and theoretically the arterial pressure drop distal to the AVF should
be significantly lower. The absence of reversed flow in the forearm arteries
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makes the PAVA/PAT technique similar to DRIL. However, this technique is not
well codified, and the following are not clearly established: (1) What is the opti-
mal site for the proximal anastomosis between the mid-brachial artery and the
axillary artery? (2) What is the ideal length and diameter of the bypass? This
technique was used by Zanow et al. [28] in 30 patients including tissue loss in
37% of the cases. The symptoms completely resolved in 84% of patients and im-
proved in 16%. The significant hemodynamic improvement was confirmed by
an increase in intraoperatively measured mean distal arterial pressure. There
was no significant change in VA flow that went from 658 to 634 ml/min after the
PAVA procedure. Thermann and Wollert [29] recently published their experi-
ence in 23 patients with 18 AVF at the elbow and 5 at the wrist. In 15 cases (65%),
ischemic symptoms resolved completely, and in 6 patients (26%) wound healing
with improvement of symptoms was achieved. Symptoms were persistent in 2
patients (9%) with severe tissue loss. There was a significant increase in radial
artery flow velocity after PAVA with a significant decrease in fistula flow in pa-
tients with elbow fistula but not in patients with wrist fistula. Mean pre- and
postoperative VA flow was 1.38 and 0.94 I/min, respectively. The authors con-
cluded that PAVA led to good clinical results in patients with small finger ne-
crosis but was unsuccessful in the case of severe tissue loss greater than 1 cm in
diameter. In our experience, we use the PAVA technique to treat high VA flow
greater than 1.5 1/min regardless of ischemic symptoms.

Which Technique to Choose? DRIL, Bandings, RUDI or PAVA/PAI?

Since most patients do not have high VA flow requiring correction, in our expe-
rience and according to the literature, DRIL is the technique of choice in dealing
with hand ischemia. In patients with either normal or high flow, the alternative
to DRIL is the bandings or the RUDI, PAVA or PAI technique with various
clinical success rates. In the literature, there are strong clinical [1, 8, 12, 15-17,
19-29] and hemodynamic data [21-23, 30] to support DRIL as the most effec-
tive well-codified, reproducible and durable technique with long-term follow-
up. Given the high rate of thrombosis and the number of empirical and not
clearly established techniques, the bandings have been abandoned by most au-
thors. Surgeons who are reluctant to do an arterial ligation have a valuable alter-
native, i.e. the RUDI or PAVA/PAI technique, although these techniques are not
well codified with only a few reports published with shorter follow-up and re-
sults comparable to DRIL [17, 18, 27-29]. However, on the basis of a sophisti-
cated physiological analysis, Gradman and Pozrikidis [30] described a flow
model to analyze and compare the hemodynamic changes associated with the
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various treatments for access-related hand ischemia and concluded that DRIL
was the most effective in restoring adequate hand perfusion, followed by the
PAVA technique. Gupta et al. [16] reported a series of 70 patients who under-
went 87 procedures for ischemic symptoms. Procedures performed included
ligation (n = 27), banding (n = 22), DRIL (n = 21), improvement of proximal
inflow (n = 9), RUDI (n = 4), and PAI (n = 3). Early procedures (<30 days from
the index fistula) were mostly ligation (50%) or banding (38%), while DRIL was
the most frequent choice for late interventions (41%). Banding had a high failure
rate (62%) and was the most common reason for reintervention (8 of 11, 73%),
and DRIL had a better success rate than banding (p < 0.05). The authors con-
cluded that among various options to treat ischemic symptoms, banding has a
low success rate and high likelihood for reintervention, while DRIL is particu-
larly effective although not uniformly.

VA Ligation

Ligation of the VA might be necessary in the following situations:

(1) Severe arterial lesions, poor general conditions or extended tissue loss in
patients in whom revascularization is not feasible.

(2) Ischemic monomelic neuropathy. Immediate ligation of the fistula is re-
quired for this acute presentation because revascularization may not pre-
vent permanent nerve damage.

(3) No improvement of symptoms after revascularization.

(4) Patients with kidney transplant.

Conclusions

When severe VA-induced hand ischemia occurs distal to an end-to-side radio-
cephalic fistula at the wrist in a patient with patent ulnar and digital arteries,
ligation of the distal radial artery effectively improves symptoms by eliminating
the reversed flow. Data from our experience and the literature suggest that DRIL
is the most effective and durable treatment for relieving hand ischemia and pre-
serving the VA compared to other techniques in patients with normal VA flow.
It should be proposed as the first-line treatment for hand ischemia following VA
at the elbow and at the wrist in patients with forearm and digital arteriopathy.
Other techniques such as RUDI, PAV A or PAI are an alternative in patients pre-
senting with ischemia and high VA flow. Banding techniques have been aban-
doned by most authors given the high rate of thrombosis. Ligation of the VA is
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an option in patients with severe arterial lesions and extended tissue loss, poor

general status or absence of improvement after revascularization, and is manda-

tory in patients presenting with ischemic monomelic neuropathy.
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Abstract

Peritoneal dialysis (PD) is effective and safe when patients and caregivers understand the
best practices. Health care teams responsible for PD must act in a coordinated and con-
sistent manner to ensure the most effective outcomes. This chapter will review the evi-
dence for PD and discuss the safety implications of the phases of PD from patient selec-
tion to education to maintenance. © 2015 S. Karger AG, Basel

Recommendations to Improve Patient Safety

o Peritoneal dialysis (PD) has economic advantages compared to hemodialysis.

* Safe PD requires evaluation and education by health care team.

* Patient education to avoid infection during fluid change and catheter main-
tenance is key.

¢ PD health care team education should be ongoing, and the team members
must advocate for outcome-based care.

Introduction

Patient safety is an increasingly important topic for all patients and for physi-
cians and surgeons worldwide. A clear definition of ‘patient safety’ remains elu-
sive, and depends upon the perspective of whoever is defining it at the time (i.e.
doctor, patient, government - regulatory body). A variety of factors contribute
to patient safety and all play a role in patients receiving peritoneal dialysis (PD).



In its most literal interpretation, patient safety is a modern term with roots ex-
tending back to Hippocrates who admonished physicians to ‘first do no harm’.
Certainly, every physician who has recited the Hippocratic Oath has considered
the depth of meaning contained in that simple statement.

Today however, the concept of patient safety extends beyond managing risk
and not harming a patient. Included in the broad context of patient safety is an
understanding that patient treatment must be effective and be economically rea-
sonable. Cost-effective health care is difficult to achieve, but is a goal that is in-
creasingly important worldwide. Physicians and health care teams who monitor
outcomes and continuously refine practices, procedures and protocols based on
an honest appraisal of results are able to reduce the incidence of complications,
improve the outcomes of their patients and, hopefully, reduce costs overall.

PD provides an ideal platform with which to evaluate patient safety and cost-
effectiveness. PD can be readily compared to hemodialysis (HD) and even kid-
ney transplantation to determine the safety, patient outcomes and cost [1-4].
For example, PD, when compared to HD, has several potential advantages in-
cluding better preservation of residual renal function, a flexible dialysis schedule
for patients allowing them more normal participation in the activities of daily
living, and statistically greater patient survival when compared with HD [1-10].
Overall cost is reported to be lower with PD than HD. As reported by Berger et
al. [11], HD is USD 43,510 more for 12 months of care than PD in the United
States (USD 173,507 vs. 129,997). Assessing patient safety from these perspec-
tives relies on population studies and public health considerations. The large
numbers of patients required to evaluate patient safety in this manner allows
investigators to identify statistically valid outcome comparisons that cannot oc-
cur on an individual patient level. Application of large population studies to the
individual patient and patient care setting are sometimes difficult because of the
unique realities of every doctor-patient or patient-health system interaction
[12]. This reality underlies a major difficulty in standardizing patient care para-
digms across populations of patients. Nonetheless, to improve patient safety and
outcomes attention must be paid to larger population evidence, and physicians
should use evidence-based decision making as a fundamental way to improve
patient safety and outcomes. Best practices for the delivery of patient care re-
quire the physician to understand larger population evidence and then deter-
mine how to apply that evidence to individual patient care decisions.

At the individual patent level, optimal patient safety requires: (1) a preopera-
tive evaluation to identify any contraindications to PD, (2) a thorough under-
standing of the methods to place a PD catheter, (3) managing technical and in-
fectious complications, and (4) ensuring thorough and ongoing education for
the patient and family with respect to performing PD at home.
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Preoperative Evaluation

Each patient with end-stage renal disease (ESRD) should receive an evaluation
to assess if they are a good candidate for PD [13, 14]. Before instituting any form
of dialysis, a determination of intercurrent medical conditions, expected patient
survival, and potential for transplantation should be assessed [15-17]. Relevant
issues include visual acuity, ability to follow instructions and to use the equip-
ment and supplies needed, the level of social support and of course patient will-
ingness. The patient and family must have an appropriate location within the
home to store equipment and supplies. In addition, cleanliness of the home is
important to lessen the risk of infections. Health care staff experienced in home
PD should personally evaluate the home setting and document any concerns.
Depending upon the local health care payment system, it is important that the
physicians and nurses responsible for initiating and maintaining a patient on PD
know details of the individual patient’s financial considerations as they relate to
PD. The patient will need to be assessed for the impact of PD on activities of
daily living including work or school, travel, family relations, and activities such
as sports.

Providing education to the patient and family is important to ensure success
of PD. Patients must be given a basic understanding of how PD works and the
risks. The patient needs to be taught the mechanics of PD including strict adher-
ence to sterile technique. Teaching must include both didactic and actual practice
in a realistic setting. Didactic teaching is not adequate to ensure that the patient
truly understands the details of PD. Careful assessment by an experienced educa-
tor should be documented. Follow-up education is helpful in answering ques-
tions that arise after beginning PD, and in reinforcing sterile technique.

The primary preoperative surgical consideration is a history of previous ab-
dominal surgery or intra-abdominal infection. If a patient has had multiple ab-
dominal operations or complex surgeries or infections, there may be extensive
adhesions which would increase the risk of PD failure. In these cases, an explor-
atory laparoscopy may identify if there is enough free peritoneal space for PD to
be effective.

Obesity is not a contraindication to considering a patient for PD, although
some morbidly obese patients may not have enough peritoneal surface area to
provide adequate exchange, and this cannot be determined conclusively just by
a patient’s body mass index. A hernia in the abdomen or groin may be a relative
contraindication to PD. If a hernia is large and especially if there are skin chang-
es, cellulitis, or symptomatic incarcerations, then the hernia must be repaired
prior to beginning PD. In selected patients, a PD catheter and hernia repair
could occur at the same setting.
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Fig. 1. With your patient wearing a belt in the sitting or lying position, check that the cath-
eter exit area is above or below the belt and that the catheter is placed more in a down-
wards direction.

It is important to assess the patient preoperatively to ensure the catheter site
is easy for the patient to access, away from skin folds and away from the beltline.
A patient should be evaluated both sitting and standing, and the patient’s skin
marked for correct catheter placement (fig. 1).

Catheter Selection

There are four basic designs for the intraperitoneal portion of PD catheters: (1)
straight Tenckhoff which is typically 8 or 16 cm containing side holes; (2) coiled
Tenckhoff with a coiled 16-cm portion containing side holes; (3) straight Tenck-
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hoft with perpendicular silicone discs, also known as the Oreopoulos-Zellerman
or Toronto Western Hospital catheter; (4) T-shaped catheter with grooved
limbs that position against the peritoneum.

The subcutaneous portion of the catheter has three basic shapes: (1) straight,
(2) with a permanent bend of approximately 150° (Swan-neck catheter), or (3)
with a permanent 90° bend (Cruz catheter). The catheter cuffs are designed to
allow ingrowth of fibrous tissue reducing the risk of bacteria and fluid migrating
along the catheter track. There are three basic designs for the polyester cuff that
are attached to the subcutaneous portion of the catheter: (1) a single cuff, in this
case usually placed in the rectus muscle or at the anterior surface of the rectus,
(2) dual cuffs; the inner one placed in the rectus muscle and the other in the sub-
cutaneous tissue, and (3) a disc/ball combination deep cuff which is placed at the
level of the parietal peritoneum/posterior rectus sheaf. Many surgeons who use
the disc/ball type of catheter sew the posterior rectus sheaf between the polyester
disc and silicone ball. These catheters have a second polyester cuff that is located
within the subcutaneous tunnel.

Most adult PD catheters have three possible internal diameters (2.6, 3.1, 3.5
mm). All have an outer diameter of approximately 5 mm. Most catheters currently
manufactured are made of silicone rubber. Polyurethane may also be used but
much less commonly. The published literature indicates catheters with a coiled in-
traperitoneal end have a longer, 3-year survival [18, 19]. Similarly, catheters with
two cuffs have a lower incident of exit site infection and a longer lifespan than sin-
gle-cuff catheters. The Swan-neck catheters appear to have lower overall incidents
of exit site infection than those with a straight subcutaneous segment, although this
is most likely due to a catheter exit that faces caudad as opposed to cephalad.

Operative Techniques

Surgical placement of a PD catheter can be done using an open or a laparoscop-
ic method [20-22]. There are no clear data to suggest that one approach is supe-
rior to the other. Patient safety, surgical complications and catheter function
rates have not been shown to be different depending upon the method used for
placement (table 1). It has been reported that the laparoscopic method is more
time consuming and somewhat more expensive (especially if disposable trocars
are used), implying that the open technique may be more cost-effective [22]. The
functional outcome of the PD catheter is not different when placed either by
open or laparoscopic methods.

Patient safety in the operating room requires careful attention to detail, as for
any surgical procedure. A timeout (briefing) based on the World Health Organiza-
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Table 1. Patient safety considerations of catheter placement techniques

Advantages Risks/disadvantages
Blind Local anesthesia Inability to visualize abdominal
percutaneous ‘Office’ procedure vasculature or organs
Patient may have unrecognized
injury
Physician cannot manage
adhesions or omentum
Seldinger Penetration with needle may Similar to blind percutaneous

technique with
fluoroscopy

lessen blind risk of organ or
vascular injury

Peritoneoscopy

Allows some visualization of
abdominal cavity
Does not require formal

Limited visualization
Physician cannot manage
adhesions or omentum

operating room

Identification of adhesions at
site of incision

Precise placement of cuffs,
tunnel

Local or general anesthesia

Open Operating room required
Physician cannot manage any
remote adhesions without
extending incision

Physician cannot effectively

manage omentum

General anesthesia needed
More expensive equipment if
disposable used

Laparoscopic Identification and management
of adhesions anywhere in the
abdomen are possible
Visualization of catheter
placement can limit abdominal
viscera and vascular injury
Omentum can be managed
using omental-pexi or resection
if needed

tion studies is necessary to promote patient safety [23]. The first portion of the
timeout, briefing - the check-in, should ensure correct identification of the patient.
In addition, the operating team must be certain that all necessary equipment and
supplies are immediately available and functional. Anesthetic choice, antibiotics,
and any nonroutine considerations should be acknowledged and discussed by the
operating team during the timeout. The planned method of PD catheter placement
must be confirmed at this time. If a laparoscopic technique is planned, instrumen-
tation to convert to an open laparotomy must be immediately available if needed.

Irrespective of the method of placing the catheter into the peritoneal cavity,
a decision about what to do with the external end must be made prior to the be-
ginning the procedure. If the catheter is to be used within a short time, the exte-
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rior end should be attached to a transfer set at the end of the procedure. If the
surgeon or physician placing the catheter is not certain about the time to cath-
eter use, the exterior end can be left exteriorized or the Moncrief-Popovich cath-
eter technique can be employed and the end buried. Moncrief and Popovich first
described the subcutaneous burial of the external segment of the catheter with
subsequent externalization just prior to use [24]. The period of time the catheter
remains buried is variable, and can be many months. The theory behind the de-
velopment of this technique was to prevent colonization of the catheter by skin
bacteria prior to the adhesion of catheter cuffs to subcutaneous tissues. Initial
reports claimed a reduction in the rate of peritonitis and the rate of the forma-
tion of bacteria biofilms in the catheter segment between two cuffs. However, a
randomized clinical trial has failed to confirm these claims [25]. The disadvan-
tage to this technique includes a high incidence of seromas, the potential for
subcutaneous hematomas, the development of fibrin thrombi in the internal
portion of the catheter, and the need for a second procedure [24-26].

The two primary methods are generally used for the placement of PD cath-
eters: surgical and percutaneous.

Percutaneous Technique

For blind percutaneous placement, a large bore trocar is used after provision of
local anesthesia. The technique was first developed and described by Tenckhoft.
The method is simple and can be performed at bedside. Disadvantages of this
method are the inability to effectively tunnel a dual cuff catheter and because it
is a blind procedure, therefore subjecting the patient to potentially increased
risks of vascular, bowel, or solid organ injury.

The percutaneous method has been simplified with a modified Seldinger
technique. Although also a blind procedure, the risk of injury to abdominal
structures is reduced because of the use of needle penetration followed by dila-
tion using a blunt plastic dilator. The operator must be certain to aspirate while
placing the needle in order to assess for blood or intestinal fluids.

Open PD Catheter Technique

Open surgery for PD catheter placement can be done using local or general an-
esthetic. Prophylactic antibiotics such as a first-generation cephalosporin should
be used. Detailed descriptions of operative techniques are available elsewhere
[27].
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The open technique is particularly useful for patients who cannot tolerate
general anesthetic because local anesthesia and sedation are typically adequate.

Laparoscopic Technique

The laparoscopic PD catheter placement technique is done under general anes-
thesia because of the discomfort from insufflation of the abdominal cavity [28-
30]. Prophylactic antibiotics are administered as for the open technique. As with
any laparoscopic procedure, care must be taken during the initial access wheth-
er with a Veress needle or a Husain catheter placement. Injury to bowel and ma-
jor blood vessels are the two most significant complications related to the place-
ment of laparoscopic trocars. If safe access to the peritoneal cavity can be ob-
tained, the laparoscopic approach may be preferred in patients who have had
previous abdominal surgeries because of the ability to perform exploratory lap-
aroscopy and possibly lysis of adhesions. In addition, obese patients may benefit
from the laparoscopic approach because trocars can traverse a thicker abdomi-
nal wall, avoiding a larger incision that may be required if using the open tech-
nique in an obese patient. In certain incidences, an experienced laparoscopic
surgeon may consider repair of preexisting hernias using a transperitoneal mesh
repair at the same setting.

Managing Complications

Optimal patient safety requires that the physicians, surgeons and patient be able
to recognize complications or deviations for expected outcomes early and take
action to minimize the effect on patient outcomes [31]. Continual assessment
for threats to patient safety and prevention of serious adverse outcomes is the
goal. Optimization of patient outcomes is more likely if responsible physicians
and nurses establish a system of careful follow-up and monitoring. Following
operative placement of a PD catheter, the most common complications are in-
fection and malfunctioning of the catheter.

Infections can be limited to the PD catheter exit site, or intraperitoneal po-
tentially causing peritonitis [32]. Early recognition of the sign and symptoms of
infection is an essential starting point for the successful treatment of PD-related
infection. Education of the patient and other caregivers is necessary, so that if
signs and symptoms of an infection become evident, they will rapidly notify the
physician and obtain appropriate treatment. Patient safety requires that the pa-
tient and caregivers be actively involved in the process of care.
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Malfunction of a PD catheter can have many sources. Catheters can have me-
chanical failure, for example develop holes, cracks and/or leaks. Catheters can
develop occlusions due to anatomic reasons such as ingrowth of omentum, mal-
position, or entrapment in adhesions. In addition, constipation is known to be
related to poor catheter function. A careful history and evaluation of a PD cath-
eter will often identify the most likely cause of loss of catheter function and assist
the physicians in developing a plan for restoring function.

The health care dialysis team must ensure that the patient has easy access
when reporting concerns or changes in health. Protocols for communication
including when to call the health care team are important. The patient will al-
most always be the first person to recognize a change in catheter function or
the signs and symptoms of infection. Specific options for managing complica-
tions are discussed elsewhere. Establishing and maintaining a system for the
active management of patients will help identify and treat complications early
and therefore is a key component of the process to optimizing patient out-
comes.

Communication and Human Factors

Patient safety is a complex and ever-evolving aspect of providing health care.
Optimizing patient outcomes requires active management of the patient by the
responsible members of the health care team. This is especially true for patients
with chronic diseases such as ESRD and dialysis dependency. The team caring
for the patient must develop a system of delivering care that is consistent and
patient focused. All too often patient safety is jeopardized because individual
members of the health care team (for example the nephrologist and the surgeon)
work in isolation from each other, and therefore patient care decisions may not
always be well coordinated.

The term ‘multidisciplinary care’ is often used but not always effective. Fre-
quently, a group of health care professionals interacts with a patient but without
ensuring effective communication with all members of the group providing care
(fig. 2). This model of care has several problems that lead to ineffectiveness. First,
if the care is not patient centered, then each health care professional focuses on
their own specialty without always giving consideration to how their decisions
affect the interaction of the patient and other providers. For example, if a patient
is referred to a vascular access surgeon who never places PD catheters, the pa-
tient may not be effectively assessed for PD.

Another potential for failure of the common ‘multidisciplinary care” ap-
proach is that the financial decision makers, administration, insurance, and
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Interventionalist

Patient
Administration

Nephrologist

Nephrologist

Interventionalist

Administration

Fig. 2. In the multidiscipline team without being patient centric, the health care team is
focused on communication with each other (top). In the patient-centric multidiscipline
team, communication is focused on the patient (bottom).
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Table 2. Safety-oriented culture shift

Traditional Modern
Autonomy — Collaboration
Authority — Evidence
Assertion B Measurement
Control —— Transparency
Self-interest — Public interest

government, are not commonly involved in the patient care process. To max-
imize patient safety, the efficiency of care delivery, and long-term outcomes, it
is important to recognize that for the patient there are many components of
the health care system that impact care. If patient safety is truly to be the pri-
mary focus of care delivery, then a patient-centric approach that considers all
factors that impact the delivery and effectiveness of patient care must be de-
signed and implemented (fig. 2). To do this requires a change in the tradition-
al culture of health care delivery in which each individual provider works pri-
marily in their own specialty in isolation from others who provide care to the
patient.

To begin to change the traditional culture, a clear understanding of the com-
plexity of patient interactions with the health care system must be recognized.
Patients with end-ESRD are particularly susceptible to a lack of care coordina-
tion because they often have so many interactions with various health care spe-
cialists. The complexity of the care of ESRD patients makes this group espe-
cially at risk of poor outcomes (unacceptable patient safety) due to lack of co-
ordination of care.

Ideally, the system provides a professional to work with the patient to coor-
dinate care and ensure communication between the various components of the
system. Of course, this is difficult to achieve, often because it is unclear who is
going to pay for the coordination of care. The traditional system of care, even if
called ‘multidisciplinary’ is characterized by each patient-system interaction be-
ing quite independent. To improve patient safety, members of the health care
system must think and function in a more collaborative culture (table 2). When
the culture of care is changed from traditional to modern, patient safety and out-
comes become the ultimate measure of success. A health care system that is pa-
tient centric and collaborative will be more cost-effective assuming that out-
comes are measured and results are shared transparently. In the end, a more
cost-effective system of care will result and better serve the public interest by
providing optimal care to the greatest number of patients.
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Abstract
Central venous catheter (CVC)-related problems, risks and safety hazards are partly caused
by different characteristics of the CVC-based access and their performance features. This
chapter covers those issues in a chronological order, from factors related to the choice of
the CVC, insertion site and insertion procedure itself, over those associated with CVC use
and their monitoring up to safety hazards of interventional procedures. Not discussed are
CVCinfections as they are covered in a separate chapter in this book.

© 2015 S. Karger AG, Basel

Recommendations to Improve Patient Safety

Medical and nursing staff dealing with central venous catheters (CVC)
should be aware of specific risk factors and safety hazards associated with
this access type (damage of the vessels and/or surrounding tissue at CVC
insertion, fibrin sheath formation, leak of the anticoagulation lock solution
into the vascular system, etc.).

Safety of CVC use is to be regarded as a complex issue starting with proper
entry examination of the patient (to discover preexisting risk factors), over
selection of the insertion site and CVC type (to avoid anatomically knotty
areas), prophylactic care, monitoring of both CVC status and patient condi-
tion up to CVC removal. Experienced staff, appropriate instrumentation,
and standardized protocols are key safety factors.



* CVC monitoring based on the catheters’ pressure/flow characteristics is a
proactive measure for the timely detection of CVC malfunction and/or as-
sessment of its severity.

¢ Research and development in CVC design is focused on prevention of CVC
fibrin sheath formation, thrombosis and infection. With lack of sufficiently
large studies, true benefits of the innovations should, however, be carefully
assessed.

¢ Forensic implications of CVC insertion and their use should be kept in
mind.

Introduction

Central venous catheters (CVC) are generally considered an inevitable evil [1].
Their use is ever growing (see for instance DOPPS data from Germany: an in-
crease from 5.3% in 2002 to 19.4% in 2010 despite all recommendations to limit
it [2]). Many studies have demonstrated higher morbidity and mortality associ-
ated with CVC compared to permanent subcutaneous access types [3] and the
effort to limit their use is thus fully understandable. On the other hand, CVC does
not affect patient hemodynamics and bears no risk of hyperkinetic circulation.

Catheter Placement

In principle, there are two distinct CVC types: the temporary nontunneled CVC
(ntCVC) and tunneled CVC (tCVC).

The ntCVC are quite short (10-20 cm) and are made of more rigid material
(polyurethane, polyethylene, polyvinylchloride). It makes their insertion more
straightforward, directly through the puncture site without a tunnel. The tip
should not reach into the right atrium, and its position should always be verified.
The ntCVC are intended for a short-term use only.

The tCVC are double-lumen lines for long-term use inserted via a subcutane-
ous tunnel and equipped with a polyester cuff, which allows a growth-through
of the surrounding tissue effectively tamping the tunnel and preventing infec-
tions. Blood flow obtainable from the tCVC is higher due to a larger inner lu-
men. The tCVC materials are softer (silicone and other soft flexible polymers
such as thin polyurethane/polycarbonate) reducing the risk of kinking, and
more biocompatible (less thrombogenous, less prone to microbial colonization).
The available tCVC differ in configuration of the inflow and outflow paths and
design of the tip. Some tCVC are antibiotic bonded or heparin coated. All those
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Fig. 1. Flowchart of the CVC type-selecting algorithm in patients with CKD.

variations have common goals - to enable high blood flows with virtually no
recirculation, to prevent the tCVC tip obstruction and to reduce incidence of
CVC-related infections. However, long-term trials are still needed to assess true
benefits of those specific tCVC features.

The choice of the CVC type depends primarily on patient condition (fig. 1). An
ntCVC is usually used to start dialysis in patients with acute renal failure, or in
chronic kidney disease (CKD patients not previously seen by a nephrologist). It
should be changed for a tCVC as soon as possible, see the K/DOQI [4] and EBPG
[5]. Occasionally, an ntCVC can be changed once or twice along the guide wire as
a slightly prolonged bridging solution [maturing arteriovenous fistula (AVE), in-
fectious patient]. The tCVC is the access of choice for a long-term use or in spe-
cific cases of shorter expected period of use, e.g. as the only compromise achiev-
able in a given moment (sudden loss of a subcutaneous access, interruption of
CAPD, e.g. for a hernia operation or for severe peritonitis with a temporary trans-
fer to hemodialysis, HD). It may also be the last rescue access when a vascular ac-
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cess (VA) fails, and there are no surgical possibilities to create a new one. Anoth-
er reason to use a tCVC is a pre-existing severe congestive heart failure when cre-
ation of a VA would further worsen patient circulatory condition, or generally in
patients with unfavorable life expectancy. Rather rare reasons for a tCVC use are
‘needle phobia’ [6] or patient refusal of AVF or arteriovenous graft (AVG).

Vein Choice

Theoretically, a CVC can be placed into any larger vein. Most often, the right
internal jugular vein followed by the left jugular vein is used. The latter approach
is, however, more often associated with complications and CVC dysfunction
due to two anatomical curvatures (fig. 2), which makes the insertion more dif-
ficult. An X-ray should be done to check for guide wire or CVC malposition i.e.
catheter tip in the brachiocephalic vein. Use of femoral vein is justified only in
case of brachiocephalic vein or vena cava superior obliteration. The femoral
CVC must be long enough to reach into vena cava inferior. The subclavian vein,
often used in the past, is an acceptable site today only if neither jugular nor fem-
oral access is possible. Its use is associated more frequently with stenoses and
thromboses [7], which makes creation of an AVF or AVG on that side impos-
sible.

A CVC used just to bridge the time for creation and/or maturation of a sub-
cutaneous VA should be placed on the contralateral side. Safe CVC insertion by
translumbal access into inferior vena cava with long-term patency in patients
with no other options has also been described [8]. In patients with a cardiac
pacemaker or implantable cardioverter-defibrillator placed under their clavicle,
the contralateral approach should be preferred to avoid damage to the implant-
ed device. Presence of such a device also hampers creation of a good subcutane-
ous tunnel.

Preinsertion Examinations

Before CVC placement, patient’s detailed history should be taken. Information
on previous CVC or interventions in the neck and thorax area (or inguinal one
in case a femoral CVC) is of special importance. Adhesions and scars after pre-
vious operations (thyroidectomy, operations on carotid artery etc.) may have
caused undesirable anatomical changes which would make CVC insertion dif-
ficult. Proper examination, X-ray and ECG record should also reveal rare anom-
alies, such as dextrocardia.
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Fig. 2. Postinsertion X-ray check of the CVC showing a direct insertion path when using
the right jugular vein (a) and an insertion path with two curvatures on the left jugular vein
(b). X-ray images: Dialysis Department, Prague-Strahov.

It is important to check the whole planned tunnel area. Visible collateral cir-
culation suggests vascular disorder which increases the risk of local bleeding.
Immediate preoperative ultrasound examination of veins enables objective deci-
sion on the side and vein for the CVC placement.

Complete biochemical and hematological laboratory tests, including coagu-
lation check-up, are mandatory. Prior to insertion, any anticoagulant medica-
tion should be stopped.
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Skin lesions and infection should be looked for, as they could cause or con-
tribute to infectious complications.

Informed Consent and Forensic Aspects

Catheter placement is an invasive procedure with unavoidable safety hazards.
Life-threatening adverse events such as pneumothorax or cardiac tamponade
are rare but not always avoidable. Each doctor should be well aware of such com-
plications and know the clinical signs. Responsibility for the insertion and im-
mediate postinsertion care stays with the inserting physician and comes over to
the patient’s attending or referring physician after patient discharge only. The
patient should be informed about the indication, the steps of the procedure and
their risks and a signed informed consent must be obtained from him. This helps
the doctors to avoid later forensic problems [9]. A proper documentation of all
subsequent steps with their date and time is an integral part of risk reduction
strategy and also a decision-supporting tool.

Insertion

Both ntCVC and tCVC insertion is performed generally under local anesthesia
by modified Seldinger’s technique, adhering strictly to aseptic rules. Vein punc-
ture should always be done under ultrasonic control [10, 11]. Using a micropunc-
ture set may also help to avoid problems in case of an incidental puncture of the
carotid artery. Guide wire location in the right atrium (or deep in vena cava in-
ferior with a femoral CVC) should be checked by fluoroscopy immediately after
insertion, before the CVC insertion itself (fig. 3). In tCVC, gentle creation of a
tunnel minimizes bleeding risk with subsequent formation of hematoma prone
to infection. Use of valved peal-away sheath or working without a sheath signifi-
cantly decreases blood loss and also reduces risk of air embolism [12]. Trendelen-
burg position of the patients is an additional step to avoid air embolism. Insertion
of the CVC through the tunnel can be either retrograde or antegrade. With the
former approach, optimal placement of the CVC tip is easier to reach as it is done
as the first step in the CVC placement (the outgoing part of the CVC is then
shortened as needed). The latter one requires careful estimation of the necessary
CVClength according to the expected tunnel path. Optimal CVC tip location can
be assumed in the bottom half of the sternum. A CVC of corresponding length
is then chosen, which enables to keep the CVC intact. The entire functional
length of the CVC should be in the right atrium. Too deep insertion should, how-
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X-ray of the inserted X-ray helps to check the insertion
of the guide wire and to place the
CVC tip correctly

guide wire prior to
CVC placement

helps to avoid later

corrections

Ultrasonography or
micropuncture sets
help to avoid
incidental arterial

puncture

rendelenburg position of
he patient helps to avoid
air embolism

Valved peal-away sheath
helps to prevent bleeding
and/or air embolism

Fig. 3. Tools to avoid complications during a CVC placement.

ever, be avoided considering impact of postural changes upon the tip migration.
After checking the correct catheter position by X-ray and filling and emptying a
syringe several times quickly for each branch to check for undisturbed flow, the
catheter should be blocked using a lock solution either with heparin or citrate.

Immediate Postinsertion Care

When HD is not required immediately after insertion (desirable to avoid
bleeding risk associated with heparin administration), the patient should re-
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main in supine or semi-supine position with a compression over the site of the
CVC entry into the vein and along the subcutaneous tunnel. Careful supervi-
sion with blood pressure and heart rate monitoring is mandatory for timely
detection of complications. Chest X-ray done after insertion excludes pneu-
mothorax and hemothorax and should confirm the CVC tip position in the
right atrium.

Troubleshooting in Acute Complications

Acute complications typically occur either during the insertion or within the fol-
lowing 24-48 h and are directly related to the experience of the physician insert-
ing the CVC. Our rough estimate is not less than 20 procedures are needed to
establish sufficient experience and another 20 per each following year to main-
tain it. Generally, the best is to place CVC in specialized centers with experi-
enced staff and necessary instrumentation.

The most frequent complication is bleeding caused by puncture of an artery.
An about 10-min compression usually helps. CVC insertion under ultrasonic
control significantly reduces this risk.

Some complications are truly life threatening, e.g. pneumothorax (reported
in up to 1% of cases), hemothorax (less than 1%), hemomediastinum, hemoperi-
cardium [13]. Onset of dyspnea, hypotension, tachycardia, etc. is typical for
these complications, and immediate fluoroscopy or chest X-ray confirms the
diagnosis.

If a CVC is erroneously inserted into carotid or femoral artery, it should be
left in situ and further approach consulted with a vascular surgeon. The punc-
ture hole caused by CVCis large; there is thus a risk of massive bleeding into the
surrounding area after CVC removal.

Arrhythmias caused by the guide wires happen quite often (42% reported in
Fiaccadori et al.) [14]. Usually, they are merely marked by benign extrasystoles.
Occasionally, also serious ventricular tachycardia followed by asystolia can be
evoked necessitating immediate guide wire removal.

A rare but serious iatrogenic complication is creation of an AV fistula [15].
It should be surgically closed.

Another serious complication is air embolism during CVC insertion into
jugular or subclavian vein. As a prevention, mild Trendelenburg position and/
or Valsalva maneuver is recommended.

Damage to ductus thoracicus with subsequent chylothorax or injury to neural
branches is a rather rare early complication characterized by pain and/or neuro-
logical symptoms, mostly seen with CVC insertion into the subclavian vein.
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Fig. 4. Examples of CVC
malposition. a The tip of
the CVC introduced from
the right jugular vein to the
left-side vein. b The CVCin-
troduced from the right
jugular vein via the subcla-
vian vein to the axillar vein.
¢ Bended tip of the CVC. X-
ray images: Dialysis Depart-
ment, Prague-Strahov.
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CVC malposition (CVC insertion into a wrong vein or penetration of the
CVC tip outside the venous lumen) should be detected by fluoroscopy or im-
mediate postinsertion X-ray (see examples in fig. 4). Malposition of CVC still
inside the lumen can be solved by a fluoroscopy-controlled exchange. Insertion
outside the venous lumen associated with vein perforation is a more serious
complication, and vascular or cardiac surgeon cooperation is needed to solve
this problem.

Safe and Effective Long-Term Catheter Use
Subsequent CVC Handling and Use

Follow-up care of the CVC after its insertion is equally if not more important
for its long-term patency as the insertion itself. Use of the aseptic technique is a
must [4, 5].

Disinfection and Disinfectants

Not all CVC types are made of the same material. During CVC care, the ma-
terial comes in with applied disinfectant. CVC damage caused by nonadher-
ence to the manufacturer’s instructions on suitable disinfectant agents con-
stitutes a typical preventable mistake. Table 1 gives principal information on
the safety of use of the most often used disinfectant agents on the CVC mate-
rial. Mixing of different disinfectant brands should generally never be at-
tempted.

Regarding handling of the tCVC ports and exit site during personal hygiene
(bath, shower), the CVC exit site should be always covered by a water-proof
patch to avoid the CVC dressing material getting soaked. It is best to do it short-
ly before dialysis when the CVC dressing is changed.

Table 1. Applicability of the main disinfectant agents in the CVC materials

Alcohol Povidone-iodine
Polyurethane no yes
Silicon yes no
Polyurethane/polycarbonate copolymer yes yes
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Risk of Blood Line Disconnection from the CVC Ports

The alarm system of current dialysis machines cannot reliably detect leaking
connection(s) of the blood lines and the CVC ports or even their disconnection.
This high safety thread can be significantly reduced by keeping the connectors
visible during HD.

A detailed written history of each CVC must be maintained, starting with
its insertion, immediate postinsertion care, changes of exit site dressing, de-
scription of all complications and provided treatment and interventions. Ap-
pointing a CVC coordinator simplifies all this. Each center should also have
an internal written policy and procedure document on CVC insertion and
subsequent care. It should provide detailed description of standard actions in
CVC handling and care (exit site care, composition of the anticoagulation lock
and its administration, etc.) as well as all interventions used in the particular
center.

Anticoagulation Lock

An anticoagulation lock applied first immediately after insertion and then after
each CVC use is necessary to prevent thrombosis. This area of CVC care is es-
pecially prone to errors classified as slip and lapses or commission errors in the
introductory chapter. Currently, several solutions are used as anticoagulation
lock differing both in the agent used and its concentration - heparin, trisodium
citrate, taurolidine, antibiotics, etc. [16]. After proper flush-through with saline,
the lock should be administered slowly to avoid partial entry into systemic cir-
culation [17]. With heparin (concentrations in the lock 1,000-10,000 IU/1), it
would lead to undesirable post-HD systemic anticoagulation. This lock is also
suspected of contributing to biofilm formation. The 4% trisodium citrate pro-
vides comparable protection against intraluminal clotting, and inhibits biofilm
formation (in vitro). Also decreased infection rate has been found with it [18].
High citrate concentration lock (30-46%) should be avoided because of a num-
ber of adverse events reported - from embolic complications [19, 20], catheter
malfunctions up to fatal heart rhythm disruption caused by a change in blood
calcium level when injected rapidly [21]. Contact of trisodium citrate with iodin-
ated contrast media may also lead to precipitation reaction if the contrast media
are not thoroughly flushed away before citrate injection [22]. Several alternative
locks are now available, including combination of antiseptic solution or antibi-
otics with an anticoagulant [16] or recombinant tissue plasminogen activator
(conventionally used as a thrombolytic agent). Novel CVC designs offer differ-
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ent coatings with antithrombotic and/or antiseptic effect (heparin, silver, bis-
muth), but their true benefits are still to be verified.

Special antimicrobial dressing materials are available, but studies with them
have not shown any dramatic decrease in bloodstream infections [23, 24].

The recently introduced ‘closed Luer-Lok access devices’, sometimes called
needle-free connectors may significantly reduce CVC bloodstream infections
due to less manipulation with the ports. When there are no extracorporeal
bloodlines connected to the CVC, the silicone seal automatically closes entry
into it. With connection of the lines, a straight internal fluid path is created.
Those devices make use of anticoagulant lock unnecessary and can thus be
used in patients with heparin-induced thrombocytopenia. However, pressure
drop over some types may decrease the blood flow obtainable from the CVC
[25].

Monitoring Catheter Status and Function

K/DOQI guidelines on VA [5] say that ‘dysfunctional catheter is usually easier
to salvage than a nonfunctional one’. To detect a tCVC malfunction at its start-
ing phase may be accomplished by regular monitoring. It can also serve as a sup-
porting tool for decision on an intervention. For reliable detection of trends,
monitoring should be done in a standardized way. The pressure/flow character-
istics appear most suitable for this as both pre-pump pressure (PA) and pressure
in the venous drip chamber (PV) and blood flow (Qb) are displayed on each
dialysis machines.

The Hagen-Poiseuille’s law postulates that the pressure drop along a tube is
proportional to the flow through the tube and indirectly proportional to the
fourth power of its inner diameter. In reality, the relation between Qb and PA
or PV is slightly exponential [26] and relation of PA versus Qb is slightly steep-
er than that of PV versus Qb because of more turbulent flow in the ‘arterial’ CVC
path. However, with intraluminal fibrin sheath formation (reduction in lumen),
pressure drop increases indeed very steeply (with 4th power of decreasing CVC
inner diameter). The sheath formation can thus be easily detected. In principle,
the monitoring can use four different approaches looking at [27]:

o the Qb obtained at a predefined PA value

o the PA value reached at a predefined Qb value

o the Qb/PA ratio

o acomplete graph of PA and PV versus Qb (PA and PV measured at several
Qb values)
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Fig. 5. The ‘outward expanding’ plot of in vivo measurements of PA, PV vs. Qb in several
one-month intervals (MO, M1, M2, M3). a Well-functioning tCVC. b tCVC with gradually
deteriorating arterial path. In vivo data from the Dialysis Department, Prague-Strahov.

The first three possibilities assess only the ‘arterial’ CVC path and provide basi-
cally the same information, although option 2 is the most practical of the three.
Option 4 enables to assess status of both arterial and venous CVC path sepa-
rately. Due to taking pressure values at several Qb, also the risk of incomparable
slope evaluation inherent in option 3 is avoided.

Figure 5 shows an example of a well-functioning CV and a deteriorating CVC
assessed in this way in several one-month intervals. In a small-scale analysis of
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preliminary results of monitoring in our unit, higher body mass index, lower
blood flow through the vein with CVC, and low central venous pressure indicat-
ing poor hydration status were identified as risk factors for CVC malfunction
development.

Measurement of recirculation does not help much in CVC status assessment.
Cardiopulmonary recirculation does not occur with CVC unless the patient al-
ready has a still unused maturing AV access. Only CVC line reversal induces
recirculation over 10%, and dialysis prolongation by 20-30 min may be needed
to compensate for this [28].

Troubleshooting in Chronic CVC Complications

Causes of CVC malfunction (obtainable Qb <300 ml/min with PA = -250 mm
Hg [29]) may be of mechanical nature, such as sharp CVC bending (kinking) or
wrong CVC tip position (not in the right atrium). With CVC reaching just deep
into superior vena cava, catheter may lean against the vessel wall and cause ex-
cessive suction. On the other hand, insertion of the CVC tip too deeply into the
atrium bringing it in touch with the atrial floor may result in myocardial perfo-
ration.

CVC thrombosis may entirely disable CVC use. Unfortunately, none of the
current approaches (anticoagulation locks, rapid saline flushes, intraluminal
brushing, preventive oral anticoagulant and/or aspirin administration, weekly
applied recombinant tissue plasminogen activator procedure) guarantees a suc-
cess.

Fibrin sheath develops within weeks or even days (!) on the outer CVC sur-
face and may act as a one-way valve when exceeding the CVC tip. Interventions
include infusion of thrombolytics, endovascular fibrin sheath stripping using a
snare catheter, disruption of the sheath by balloon angioplasty before the CVC
exchange. In the case of CVC exchange, the catheter should be exposed near the
neck, clamped and cut. In one lumen, a guide wire is inserted. After removing
both parts of the old catheter, a new one is placed using a new subcutaneous tun-
nel to avoid infection.

Central vein stenosis is a frequent delayed complication (reported in 20-50%
patients with CVC) eventually leading to thrombosis, especially in the subcla-
vian vein. Sometimes, it is first diagnosed after the AVF creation, when the blood
flow increases rapidly. A percutaneous balloon dilatation, other radiological in-
terventions, stenting, or even surgery is needed.

In case of damaged parts of a catheter, catheter repair kits can be used so that
catheter exchange is not necessary.
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Conclusions

CVCs are special dialysis access type, very different from permanent AV ac-
cesses. On one side, patients with CVC exhibit higher morbidity and mortality,
while on the other side CVC do not disrupt patient hemodynamics at all or to
just a minor extent. Also risks and safety hazards associated with CVC use are
different, often more serious than in AV accesses. CVC use and namely their
insertion may thus have strong forensic implications. CVC status and patency
monitoring is not yet properly developed and standardized. The ultimate solu-
tion may bring further development in CVC design [30] and use of less throm-
bogenic materials and coatings.
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Abstract

Nosocomial infections in patients requiring renal replacement therapy have a high impact
on morbidity and mortality. The most dangerous complication is bloodstream infection
(BSI) associated with the vascular access, with a low BSI risk in arteriovenous fistulas or
graftsand a comparatively high riskin central venous catheters. The single mostimportant
measure for preventing BSl is therefore the reduction of catheter use by means of early
fistula formation. As this is not always feasible, prevention should focus on educational
efforts, hand hygiene, surveillance of dialysis-associated events, and specific measures at
and after the insertion of catheters. Core measures at the time of insertion include choos-
ing the optimal site of insertion, the use of maximum sterile barrier precautions, adequate
skin antisepsis, and the choice of catheter type; after insertion, access care needs to ensure
hub disinfection and regular dressing changes. The application of antimicrobial locks is
reserved for special situations. Evidence suggests that bundling a selection of the afore-
mentioned measures can significantly reduce infection rates. The diagnosis of central line-
associated BSI (CLABSI) is based on clinical signs and microbiological findings in blood
cultures ideally drawn both peripherally and from the catheter. The prompt installation
of empiric antibiotic treatment covering the most commonly encountered organisms is
key regarding CLABSI treatment. Catheter removal is recommended in complicated cases
or if cultures yield Staphylococcus aureus, enterococci, Pseudomonas or fungi. In other
cases, guide wire exchange or catheter salvage strategies with antibiotic lock solutions
may be acceptable alternatives. ©2015S. Karger AG, Basel



Recommendations to Improve Patient Safety

* The implementation of a multidisciplinary team and so-called prevention
bundles can decrease infections and improve safety in dialysis patients.

 The most effective preventive measure for vascular access infections is using
a fistula instead of a catheter.

¢ Surveillance of dialysis-associated events is necessary to develop and mea-
sure the effectiveness of preventive measures.

¢ Infectious Diseases Society of America and European Renal Best Practice
have developed guidelines for the management of hemodialysis catheter-
associated infections.

Introduction

Health care-associated infections (HAIs) are one of the major threats to patient
safety, yet they have not been widely perceived as such before the advent of the
patient safety movement. Between one and two third of HAIs are thought to be
preventable [1], which would translate into ten thousands of saved lives and bil-
lions of dollars in expenses avoided in US hospitals alone each year. A number
of entities such as the Centers for Disease Control and Prevention (CDC), the
Society for Healthcare Epidemiology of America (SHEA), the European Renal
Association (ERA), and also the patient safety-oriented Institute for Healthcare
Improvement (www.ihi.org) therefore publish HAI prevention guidelines to ad-
vance implementation of best practices [2, 3]. The incidence of central line-as-
sociated bloodstream infections (CLABSIs), which exhibit higher mortality than
most other HATs, may drop to rates as low as zero with a robust infection pre-
vention program [4].

Hemodialysis (HD) catheter-associated bloodstream infections (BSIs) are a
type of CLABSI due to a central venous catheter (CVC) specifically designed for
HD. In 2002, it was estimated that 50,000 CLABSIs occur in dialysis patients in
the US annually. A more recent surveillance study found the rate of access-re-
lated BSIs to be 0.73 events per 100 patient-months [5]. Aside from catheters,
patients in need of renal replacement therapy should eventually use arteriove-
nous fistula (AVF) or arteriovenous grafts (AVG) for HD, or alternatively, may
receive peritoneal dialysis. All renal replacement therapies are associated with a
risk of infection; however, this risk varies with the method selected. Data from
a CDC surveillance program display nicely how the type of access influences the
BSI rate per 100 patient-months: 0.5 (for AVFs), 0.9 (AVG), 4.2 (permanent
CVCs), and an impressive 27.1 for temporary CVCs [6]. Another, more practi-
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cal effect of an infection is that the vascular access is (at least temporarily) lost,
thereby complicating care further. Therefore, the single most important preven-
tive measure for CLABSI is using a fistula instead of a catheter. However, an
AVF requires maturation before it can be accessed the first time. Temporary
catheterization for HD may be necessary in cases where renal function deterio-
rates quickly and the fistula is not functional yet. An emphasis for early planning
of vascular surgery has been made by the Centers for Medicare and Medicaid
Services’ Fistula First initiative. The goal of having a ready-to-use fistula in 66%
of patients meeting dialysis criteria for the first time, however, has not yet been
reached.

In the following text, we will discuss the current management and prevention
strategies for HD catheter-associated BSIs. Because the population of patients
requiring renal replacement therapy in the US is expected to grow from approx-
imately 600,000 today to 750,000 in the year 2020 [7], implementing evidence-
based infection prevention strategies now will spare our patients much suffering
in the future.

Prevention

There is relatively little research on CLABSI in dialysis patients; nevertheless,
several authorities have issued guidelines concerning the prevention of (dialysis-
associated) CLABSI, including the CDC, SHEA and the ERA [2, 3, 8]. Major
recommendations are summarized in table 1. In addition, a bundled approach
for prevention of BSI in dialysis facilities was proposed by the CDC [9]; key in-
terventions are listed in table 2.

Before Insertion
Staff Education and Competency

All staff need to receive education upon entry into the facility, which has to be
repeated in regular intervals (at least annually), and should be accompanied by
regular audits to ensure sustained compliance. Education should focus on
knowledge about nosocomial infections at dialysis centers, infection control best
practices, including access care and aseptic technique, and how to educate pa-
tients and other caregivers [9].
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Table 2. Core interventions for dialysis BSI prevention [16]

Key intervention

Contents

Surveillance and feedback

Conduct monthly surveillance for BSls and other
dialysis events using CDCs National Healthcare Safety
Network (NHSN)

Calculate facility rates and compare to rates in other
NHSN facilities

Actively share results with front-line clinical staff

Hand hygiene observations

Perform observations of hand hygiene opportunities
monthly and share results with clinical staff

Catheter/vascular access
care observations

Perform observations of vascular access care and
catheter accessing quarterly

Assess staff adherence to aseptic technique when
connecting and disconnecting catheters and during
dressing changes

Share results with clinical staff

Staff education and
competency

Train staff on infection control topics, including access
care and aseptic technique

Perform competency evaluation for skills such as
catheter care and accessing every 6-12 months and
upon hire

Patient education/
engagement

Provide standardized education to all patients on
infection prevention topics including vascular access
care, hand hygiene, risks related to catheter use,
recognizing signs of infection, and instructions for
access management when away from the dialysis unit

Reduction of catheter use

Incorporate efforts (e.g., through patient education,
vascular access coordinator) to reduce catheters by
identifying and addressing barriers to permanent
vascular access placement and catheter removal

Chlorhexidine for
skin antisepsis

Use an alcohol-based chlorhexidine (>0.5%) solution
as the first-line skin antiseptic agent for central line
insertion and during dressing changes
Povidone-iodine (preferably with alcohol) or 70%
alcohol alternatives for patients with chlorhexidine
intolerance

Catheter hub disinfection

Scrub catheter hubs with an appropriate antiseptic
after cap is removed and before accessing

Perform every time catheter is accessed or
disconnected

If closed needleless connector device is used, disinfect
connector device per manufacturer’s instructions

Antimicrobial ointment

Apply antibiotic ointment or povidone-iodine
ointment to catheter exit sites during dressing change
Use of chlorhexidine-impregnated sponge dressing
might be an alternative
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Patient Education

In its core interventions for BSI reduction, the CDC advocates patient educa-
tion. Main components are (1) hand hygiene and basic infection control prac-
tices during catheter accessing process (e.g., aseptic technique, masks, hub dis-
infection), (2) access care at home, (3) role of and risks associated with catheters,
and (4) knowing signs and symptoms of infection and when to notify the physi-
cian. Despite mixed results in other studies, Cheng et al. [10] described a 40%
lower risk of hospitalization due to infection and a 51% mortality reduction in
patients with chronic kidney disease who received a multidisciplinary education
prior to dialysis onset. We conclude that patient education is a valuable tool in
the prevention of CLABSIs.

Hand Hygiene of Staff

Hand washing, or preferably hand disinfection reduces HAIs in different set-
tings, and is one of the key measures for preventing CLABSI. Regular audits on
compliance with hand hygiene should be performed. Alcohol-based waterless
products or the combination of antiseptic soap and water are preferred. The use
of gloves does not obviate hand hygiene [11].

At Insertion
Insertion Site

HD catheters are inserted in the internal jugular vein (IJV) or femoral vein (FV).
The subclavian site should be avoided due to the risk of stenosis formation,
which may only manifest after AVF creation [3]. No significant differences in
CLABSI rates were found between IJV and FV with short-term dialysis (median
5 days). But with longer dwelling time, the FV site carries a 5 times higher risk
for bacteremia in dialysis patients than the IJV [12]. The likelihood of bactere-
mia for the FV site increases by catheterization weeks 1-2, whereas for the I[JV
the risk increase comes at a later time, around weeks 3-4. Both CDC and ERA
recommend using the IJV first for HD.

In addition, maximum sterile barrier precautions for catheter insertion
should be meticulously applied as they reduce the incidence of CLABSIs [4].
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Staff
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\ Effort to reduce education
the use of CVC

Hand hygiene Regular

dressing
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.

antimicrobial
ointment

Catheter hub
disinfection

Fig. 1. Strategies to prevent CLABSIs.

Coated Catheters

The efficacy of antimicrobial coating of CVCs in the acute setting has been thor-
oughly evaluated. Coatings with chlorhexidine-silver sulfadiazine and minocy-
cline/rifampin have been proven to significantly reduce the risk of CLABSI. In
situations of high CLABSI rates and short-term dwelling times, these catheters
can be cost-efficient. In HD patients, high-level evidence for significant reduc-
tion of the infection risk only exists for catheters coated with minocycline/ri-
fampin [13]. Catheters solely coated with silver were not superior to untreated
catheters in dialysis patients. Although some coated catheters will influence the
CLABSI risk in dialysis patients, the additional cost has to be factored in.

Skin Antisepsis

Chlorhexidine gluconate (CHG) for skin antisepsis is superior to aqueous povi-
done iodine (PVI) for prevention of CLABSI [14]. In comparison to alcoholic
PVI, no clear evidence exists as to the superiority or inferiority of CHG solu-
tions. The optimal concentration of CHG remains unclear. The CDC advocate
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the use of alcoholic CHG >0.5%, although this recommendation is mainly based
on the fast bactericidal activity, longer-lasting antimicrobial effect, and the low
rate of CHG inactivation by protein-rich materials (e.g., blood) [2]. Octenidine
0.1% in propranolol, which is not FDA approved, showed mixed results when
compared with ethanol/propranolol or CHG. Further trials are needed to clari-
fy its efficacy.

Whereas no reactions of polyurethane catheters to either of the aforemen-
tioned disinfectants are reported in the literature, PVI may adversely affect sili-
cone tubing. Therefore, its compatibility with silicone catheters should be veri-
fied according to the manufacturer’s recommendations prior to use.

After Insertion

As the risk of CLABSI increases in function of dwelling time [12, 15], catheter
care after insertion is of paramount importance (fig. 1).

Dressing Changes

Dressing changes should be performed at regular intervals of up to 7 days for
transparent dressings, which is not inferior to changes every 3 days [16]. Gauze
dressings should be changed every other day, but with tunneled catheters the
interval can be as long as 7 days [2]. Dressings should be changed earlier when
loose, damp or soiled [2, 8]. CHG-impregnated dressings or sponges signifi-
cantly reduced the rate of CLABSIs when compared with standard dressings in
nondialysis studies [16].

Camins et al. [17] evaluated the efficacy of CHG sponges (Biopatch®) com-
pared to standard of care (sodium-hypochlorite solution 0.114%) in dialysis pa-
tients. No significant differences in terms of CLABSI rates were found. The au-
thors suspected that the infection risk in their patient collective was more likely
to have originated from the hub than from the insertion site.

The main adverse event of CHG is contact dermatitis (~5% rate), although
96% of these events occurred in neonates. Reduced susceptibility to CHG has
been documented, but its clinical impact is unclear. In summary, the use of
CHG-impregnated dressings reduced the CLABSI risk in short-term nontun-
neled CVCs, but as of yet no sound evidence supports its application in dialysis
patients.

Nosocomial Infections in Dialysis Access 213

Widmer MK, Malik J (eds): Patient Safety in Dialysis Access.
Contrib Nephrol. Basel, Karger, 2015, vol 184, pp 205-221 (DOI: 10.1159/000366120)



Topical Compounds (for CLABSI Prevention)

Topical antimicrobial ointments (mupirocin, polysporin, PVI) can reduce
CLABSI rates in HD patients. Specifically, mupirocin ointment significantly re-
duced CLABSIs (OR: 0.17, 95% CI 0.07-0.43). No serious adverse events were
reported in all studies included in this meta-analysis [18], nor are there reports
of mupirocin resistance in studies involving dialysis patients. Polysporin antibi-
otic ointment (bacitracin/gramicidin/polymyxin B) was evaluated in a double-
blind, placebo-controlled, randomized trial including 162 dialysis patients,
yielding a significantly lower rate of bacteremia [0.63 catheter-days (treatment
group) vs. 2.48/1,000 (placebo group); p = 0.0004]. The time to first bacteremia,
infection-related morbidity, and mortality rates also scored favorably in the
treatment group [19]. Topical PVI significantly reduced CLABSI incidence as
compared to sterile gauze alone (2 vs. 17%, p < 0.01), and this risk reduction was
most evident in nasal Staphylococcus aureus carriers [20]. Topical Medhoney (a
medicinal honey formulation) did not reduce the risk of infectious complica-
tions [18].

In conclusion, evidence exists for the topical use of mupirocin, polysporin B,
and to a lesser degree PVI for CLABSI prevention. The potential for mupirocin
resistance development has to be considered. Currently, while gramicidin is not
available in the US, a similar preparation in the form of bacitracin/neomycin/
polymyxin B is commonly used.

Hub Disinfection

All hubs should be disinfected prior to and after accessing. The efficacy of dif-
ferent disinfection times (3, 10, 15 s) with 70% ethanol on deliberately S. aureus-
contaminated hubs was evaluated. Although no significant difference in reduc-
tion of contamination was found, the number of colony-forming units was
markedly lower after 15 s. The authors posited a protecting role of longer disin-
fection [21]. No data exist for HD catheters.

More data are needed regarding the role of needleless connectors in the pre-
vention of CLABSI. The safety of mechanical valve systems has been questioned
in several studies on CLABSIs [22, 23]. If needleless connectors are used, split-
septum devices are preferred to devices with mechanical valves. Currently, there
is no sound evidence supporting or opposing the use of closed luer access de-
vices to prevent CLABSI.
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Antimicrobial Lock Solutions

Antimicrobial lock solutions (ALS) containing antibiotics (vancomycin, mino-
cycline, gentamicin, cefazolin, and cefotaxim alone or in combination with gen-
tamicin) decrease CLABSI rates in HD patients. Studies have shown that ALS
containing gentamicin were more efficient than those without, but there is con-
cern for publication bias. Other lock solutions with antimicrobial properties,
such as citrate- and taurolidine-containing locks have showed mixed results re-
garding the impact on CLABSI incidence in dialysis patients. A novel catheter
lock solution containing 7.0% sodium citrate, 0.15% methylene blue, 0.15%
methylparaben, and 0.015% propylparaben (C-MB-P) was superior to standard
heparin lock in a randomized controlled trial of 407 HD patients [24]. Throm-
bolytic locking solution has also shown promise in reducing bacteremias. The
use of recombinant tissue plasminogen activator (rt-PA) substituting heparin at
the midweek dialysis session significantly reduced the incidence of catheter mal-
function and bacteremia [25]. When used for prevention, ALS significantly low-
ers CLABSI risk. In our opinion, antibiotics used in the treatment of systemic
infections should not be routinely used for prevention purposes in form of ALS
due to the risk of antimicrobial resistance development. In contrast, citrate, C-
MB-P and rt-PA are not used for infection therapy and are therefore valuable
alternatives. Nevertheless, the safety, applicability and cost of the latter two strat-
egies still require further studies.

Bundles

The implementation of bundles containing various key interventions for infec-
tion prevention as discussed earlier has been advocated by the CDC initiative for
reducing CLABSI in HD patients (table 2). The implementation of these key in-
terventions or select elements thereof in a bundled approach has been shown to
reduce CLABSI rates by 21-100% [5, 26, 27].

Prevention and Surveillance at a Facility Level

As mentioned above, prevention and management of CLABSIs in dialysis pa-
tients requires a multidisciplinary effort as suggested by the CDC core interven-
tions. The most effective intervention for reducing CLABSIs is avoiding the
placement of a CVC. The implementation of a multidisciplinary CVC team or
designating a vascular access nurse in conjunction with evidence-based guide-
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lines has multiple benefits; but when it pertains to prevention, it has been shown
to achieve the following goals [28, 29]:

o Increase the use of AVF as the first vascular access

o Reduce the total number of CVC days

o Reduce the rate of CVC loss due to infection

o Decrease the rate of treatment failure in CLABSI

o Lower the rate of death due to sepsis.

In order to track catheter infections over time and correlate them with pre-
ventive measures, the facility must perform CLABSI surveillance. Currently, all
outpatient HD facilities in the US are required to conduct monthly surveillance
using the NHSN Dialysis Event Manual (available at: http://www.cdc.gov/nhsn/
dialysis/dialysis-event.html). The facility has 60 days to submit the surveillance
report with data about the three types of dialysis events: (1) intravenous antimi-
crobial starts — all intravenous antibiotics and antifungals; (2) positive blood
culture, categorized by source as vascular access, other source or contaminant;
(3) pus, redness, or increased swelling at the vascular access site.

Surveillance and prevention of drug-resistant organisms (DRO) such as
MRSA and vancomycin-resistant Enterococcus (VRE) are still an unresolved is-
sue without specific recommendations from the Infectious Diseases Society of
America (IDSA) or European Renal Best Practice (ERBP). MRSA colonization
in a high-prevalence country was found to be 2-4% in HD patients and 4-6% in
dialysis unit personnel. Patients that require HD and are MRSA carriers have a
2.5-fold increase in all-cause mortality [30]. Decolonization techniques includ-
ing nasal mupirocin and whole body chlorhexidine wash may achieve elimina-
tion of Staphylococcus and a risk reduction for major infections in the short
term, but development of resistance has been documented. VRE colonization
prevalence in HD patients can be up to 3-9%, depending on geographical re-
gion. Of note, there is a significant potential for MRSA and VRE transmissions
between HD patients in the dialysis setting [31]. The unique situation of dialysis
patients (relative immunosuppression, frequent exposure to antibiotics, and re-
peated exposure to health care settings) exposes them to multiple opportunities
to acquire DROs outside the dialysis setting and introduce it to the unit. The
transmission dynamics of a dialysis unit are complex and involve large open
rooms, shared treatment environment, and contact with multiple inanimate
surfaces in common areas. Contact isolation of known DRO-colonized or -in-
fected patients is difficult to achieve in outpatient HD centers, but effective when
correctly implemented. Organizational strategies from other industries such as
Toyota production systems (TPS) and positive deviance (PD) are being studied
and have demonstrated a reduction of MRSA colonization, infection and BSI
rates in a dialysis setting [32]. TPS involves the continuous identification of
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problem processes (e.g., inconveniently located alcohol dispensers for hand hy-
giene) and the standardization of solutions (e.g., placement of dispensers to op-
timize access). PD is a systems and behavior change strategy that recognizes
exceptional progress or ‘positive deviants’ in a certain process (e.g., a specific
nursing unit that achieved 100% hand hygiene rates) by studying their process
and sharing it with the rest of the organization.

Management of BSls

Recommendations for diagnosis and management of CLABSIs associated with
HD catheters are based on IDSA [33] and ERBP [3] guidelines. Local signs may
include erythema, warmth, swelling, tenderness, and purulent discharge, and
may be found both in exit site infections and in BSIs, although the absence of
local signs does not rule out bacteremia. The diagnosis of HD catheter-associat-
ed BSIs rests on blood culturing just like it does for CLABSIs outside the dialysis
unit. If CLABSI is suspected (e.g., fever, sepsis, purulent discharge from the cath-
eter exit site), at least two sets of blood cultures should be obtained, ideally pair-
ing a catheter culture with another one drawn peripherally. If a fistula has yet to
be created, peripheral cultures in that extremity may not be in order. It is recom-
mended to apply a disinfectant to both catheter hub and skin before drawing
these cultures. Also, intravenous antibiotics should be held until cultures have
been taken. Common pathogens are Staphylococcus aureus, coagulase-negative
staphylococci, and to a lesser degree, Gram-negative bacteria, enterococci and
Candida. The formation of biofilm plays a major role in the pathophysiology
and treatment of CLABSIs. In patients with bacteremia, the outer surface of the
extravascular segment of the tunneled dialysis catheters has the thickest mea-
sured biofilm and is most likely to have an organism cultured [34]. The presence
and location of the biofilm contributes to the need for catheter removal in cer-
tain infections. The management of CLABSIs is summarized in the flowchart
(fig. 2). Infections are considered ‘complicated’ if any of the characteristics in
table 3 is present.

Empiric therapy should be tailored to each institution’s resistance profile, but
usually will include vancomycin (or cefazolin if low prevalence of MRSA) plus
another antibiotic with Gram-negative coverage (e.g., third-generation cepha-
losporin, carbapenem, or B-lactam/p-lactamase inhibitor). If methicillin-sus-
ceptible S. aureus is found as the causative pathogen, then cefazolin or flucloxa-
cillin/oxacillin should be the treatment of choice. In general, we prefer antibiot-
ics that need to be administered after dialysis only. The most commonly utilized
postdialysis antibiotic regimens include vancomycin, teicoplanin, cefazolin,
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Exit site
infection

Treat for 7-10

i J Attempt catheter
days with topical salvage with
Negative blood or systemic antibiotic
culture antibiotics ~_T No fever Ll i e

Remove catheter
if treatment fails

Tunnel infection \

Remove catheter
Fever —» and treat for 7-10

Obtain blood CE
Suspected cultures and start
HD catheter —> empiric S. aureus,
infection antibiotics enterococci, Remove HD
P.aeruginosa, > catheter
Uncomplicated fungi
CLABSI \
GWE vs. catheter
/ Othgr —>» salvage strategy
organisms
acceptable
Positive blood
culture Perform a TEE
5-7 days later if:
\ - Presence of an
intravascular
. Immediate device
Complicated removal of HD _y - Persistent fevers
! catheter or positive blood
cultures for >72 h
- S. aureus
infection

Fig. 2. Treatment algorithm for suspected HD catheter infection. TEE = Transesophageal
echocardiography; GWE = guidewire exchange.

Table 3. The presence of any of these criteria should prompt the classification of a
CLABSI as ‘complicated CLABSI’ and it should be managed accordingly

Criteria for complicated CLABSI
Severe sepsis
Thrombophlebitis
Metastatic infection
Tunnel infection with fever
Persistent signs and symptoms or positive blood culture after >48-72 h of

appropriate antimicrobial therapy

ceftazidime and daptomycin. The duration of antibiotic therapy for HD catheter
infections is summarized in table 4.

A frequently encountered clinical scenario in CLABSIs with HD catheters is
the decision to perform a guide wire exchange (GWE) versus changing the ac-
cess site. Immediate catheter removal is preferable in complicated infections.

218 Schweiger - Trevino - Marschall

Widmer MK, Malik J (eds): Patient Safety in Dialysis Access.
Contrib Nephrol. Basel, Karger, 2015, vol 184, pp 205-221 (DOI: 10.1159/000366120)



Table 4. Duration of antibiotic treatment for CLABSI after blood cultures are negative

Tunnel infection and negative blood culture 7-10 days
Uncomplicated CLABSI 2-3 weeks
Uncomplicated CLABSI with S. aureus 4 weeks?
CLABSI with positive blood culture >48-72 h after catheter removal 6 weeks
CLABSI with metastatic infection 6 weeks
CLABSI and osteomyelitis 8 weeks

@ 2-3 weeks should suffice if transesophageal echocardiogram fails to show vegetations.

Performing GWE is acceptable with uncomplicated CLABSIs or when other ac-
cess sites are unavailable. If clinical symptoms resolve within 2-3 days and there
is no evidence of metastatic infection, GWE is associated with comparable cure
rates to those encountered after immediate removal and delayed placement of a
new catheter. If catheter removal or GWE is deemed unnecessary, undesirable
or impossible, catheter salvage with antibiotic lock solution along with systemic
antibiotics can be considered. In our personal experience, only a small number
of dialysis patients qualify for lock therapy. Also, the logistics of administering
lock therapy have to be considered. Both GWE and catheter salvage strategies
are associated with (unacceptably) high treatment failure rate when S. aureus,
Pseudomonas aeruginosa, enterococci or fungi are involved. If a GWE or cath-
eter salvage strategy is chosen but the patient has ongoing symptoms for >72 h
or blood cultures are persistently positive, the catheter has to be removed. Sur-
veillance blood cultures should be obtained one week after completion of anti-
biotic therapy in the setting of GWE or catheter salvage; if positive, catheter re-
moval is indicated.

Infections of AVF are less frequent than CLABSI, and usually occur at the
cannulation site. Vascular surgeons should evaluate the AVF to determine the
need for surgical resection. Regardless, these infections should be treated for 6
weeks, in analogy to subacute bacterial endocarditis. Antibiotic therapy should
be guided by culture results and resistance profiles. AVG infections usually re-
quire surgical revision with either partial, subtotal or total excision of the graft.
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Abstract

Preservation of a well-functioning vascular access (VA) is one of the most important and
problematic areas in the care of dialysis patients. Providing high quality of care can reduce
morbidity, improve quality of life and reduces costs. Given the increased complexity and
the multidisciplinary character of VA care, it is a prerequisite to establish a dedicated mul-
tidisciplinary approach. An essential part of VA care is the management of the process
before, during and after cannulation. A lack of knowledge and skills can have major impli-
cations for dialysis patients and may be related to VA outcome. Therefore, VA care requires
continuous education of staff and patients, timely referral, adequate planning, and early
identification or prevention of complications with elective treatment. Furthermore, access
care data should be measured to continuously improve VA quality and measure the ef-
fects of the performance and effort. ©2015 S. Karger AG, Basel

Recommendations to Improve Patient Safety

* Education of patients and caregivers is an essential aspect for the successful
creation and maintenance of a vascular access (VA).

* VA care requires an integrated, multidisciplinary approach including all
parties involved in VA care, with close cooperation and clear, effective
communication between team members to ensure patient safety and out-
come.

» The VA coordinator works as part of the integrated, multidisciplinary team
and plays a pivotal role in providing continuity and coordinated care.



¢ Cannulation of the VA requires a high level of awareness, specific knowl-
edge and skills of the dialysis nurse.

¢ Each center should establish a computerized database for continuous data
collection that is focused on indicators related to improve VA outcome.

Introduction

Vascular access (VA) care requires an integrated multidisciplinary approach in-
cluding all parties involved in VA care, with close cooperation and clear, effective
communication between team members to ensure patient safety and outcome.

Education of patients and caregivers is an essential aspect for successful cre-
ation and maintenance of the VA. Patient education programs on VA are asso-
ciated with increased use of arteriovenous fistula (AVF) at dialysis initiation [1].

Due to the ongoing contact with patients, dialysis nurses play a pivotal role
in the education of (pre-)dialysis patients and their family on all aspects of VA
care such as VA types, vein protection for future fistula construction, the risk of
adverse events with catheters, monitoring and surveillance, and complications.
Patient education should be multidisciplinary and tailored to the needs of the
patient with the aim of optimizing patient involvement in their own care. Be-
cause patients differ in their learning style, a variety of educations materials
should be available, in combination with individual conversations, and access to
expert patients.

High-quality VA care with creation of a safe care environment can only be
achieved if all professionals involved are well educated on the VA standards,
guidelines, policies, and procedures (fig. 1).

Education initiatives should include all multidisciplinary team members on
VA (dialysis nurses/vascular access coordinator (VAC), nephrologists, sur-
geons, radiologists, and ultrasound technicians), emphasizing the importance
of multidisciplinary care to achieve successtul VA outcome. Education pro-
grams should be incorporated into the curriculum of the physicians and dialy-
sis nurses. A structured curriculum should focus on core concepts such as (a)
an understanding of the pros and cons of different VA types, (b) individualiza-
tion of patient VA choice and peritoneal dialysis options, and (c) physical ex-
amination of a VA including a thorough understanding of the interpretation of
the physical examination and subsequent actions required. These skills could
be acquired through (a) a dedicated dialysis access lecture series, (b) a nephrol-
ogists and radiologist should observe endovascular procedures and learn the
physical examination of the VA, (c) communication with a dedicated VA sur-
geon to understand the issues involved in access selection and placement, and
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Functional
VA

Quality control by
continuous data
management

VA
coordinator

Multidisciplinary team

— Commitment
— Competency
— Communication

Patient education
program Treatment respecting
guidelines

Fig. 1. Aspects that may help to create more functional VA.

Regular monitoring
and surveillance

(d) rotations at outpatient dialysis units with a skilled dialysis nurse to learn the
challenges of cannulation of VA [2, 3]. Several ways of learning can contribute
to improve VA outcomes such as didactic lectures, visual teaching (http://
www.fistulafirst.org/HealthcareProfessionals/FFBIChangeConcepts/Change-
Concept8.aspx), e-learning (www.fistulafirst.org/Home/VascularAccessAtlas.
aspx), simulation training, and use of cadavers and animal models. Surgical ex-
perience and skills are associated with failure or success of fistulas. Studies
showed that the probability of primary failure is strongly related to the center
of access creation, suggesting an important role for the vascular surgeon’s skills
and decisions [4].

Maturation

Assessment of the VA is the key to determine the usability for cannulation with
a minimal risk for complications and the ability to deliver the prescribed blood
flow during dialysis. After creation, the VA should be monitored on a regular
basis for maturity by a thorough physical examination of the fistula according
to a standardized protocol (table 1).
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Physical examination of the VA is essential to identify complications or dys-
function during the maturation process or during HD. Assessment of an AVF is
more difficult than assessment of an arteriovenous graft (AVG).

Physical examination includes inspection (arm, shoulder, breast, neck, and
face), palpation (from artery graft anastomosis to chest wall), and auscultation.
Pulse augmentation and arm elevation tests, to evaluate the inflow and outflow
tract, is also recommended [5]. Physical examination requires training, but is
easily performed and has a high level of accuracy [5]. Robbin et al. [6] showed
that an experienced hemodialysis nurse is able to predict the likelihood of AVF
maturity with 80% accuracy with physical examination.

No consensus has been reached concerning the timing of first cannulation of
the VA. The K/DOQI practice guidelines state that a good functioning access
has a flow of approximately 600 ml/min, is less than 6 mm below the surface of
the skin, and has a minimum diameter of 6 mm [7]. However, the changing de-
mographics of the ESRD population, makes it difficult to create and maintain a
well-functioning fistula that can meet these criteria. In clinical practice, the def-
inition of maturation varies by local practice, and VA cannulation is based on
the experience and skills of dialysis staff. In addition to physical examination,
these parameters should be measured by Doppler ultrasound and finger pres-
sure measurement at 6-8 weeks postoperatively to evaluate the blood flow and
vessel diameter in the maturing AVF and prosthetic VA, and to identify compli-
cations such as hand ischemia, accessory veins, stenosis, high-output cardiac
failure, aneurysms or venous hypertension. It also enables to determine the best
cannulation sites. Depending on the fistula configuration, a mature forearm
AVEF will have a blood flow between 600 and 1,200 ml/min, while an upper arm
AVF will have a flow of 600-2,000 ml/min.

Which Needles Do Best?

Hemodialysis adequacy depends — among other factors — on the effective blood
flow through the dialyzer. The blood is pumped to and from the VA through
dialysis needles; smaller needles have a larger flow resistance that decrease de-
livered QD (table 2).

Therefore, it is critical to adjust the appropriate needle according to the de-
sired blood pump speed and the available access flow rate in the VA in order to
achieve dialysis efficiency (Kt/V). It is important to match needle gauge with
blood flow rate (table 2). If the negative arterial pressure falls below -200 to
-250 mm Hg, and the venous outflow pressure above +250 mm Hg, the needle
size should be increased (i.e. smaller gauge number should be used). For can-
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Table 2. Recommended needle size for the state blood flow rate settings

Blood flow rate Needle gauge Inner diameter, mm
200 ml/min 18 0.838

<300 ml/min 17 1.067
300-350 ml/min 16 1.194
350-450 ml/min 15 1.372

>450 ml/min 14 1.600

nulation of AVG, the smallest gauge needle can be used that will achieve the
desired blood flow. Needles are available from 14 to 18 gauge. Progression of
needle size should be based on the assessment of adequate vessel size and intra-
access flow (Q) [7].

One method used to select the appropriate needle size is a visual and tactile
examination, which depends on the experience. This examination allows the
cannulator to determine which needle gauge would be most appropriate, based
on the size of the vessels in the fistula. Alternately, place 17- and 16-gauge nee-
dles with the protective cap in place (prevents a needle stick) over the cannula-
tion site. Use the needle size that is equal to or smaller than the vein (without the
tourniquet) for the cannulation [7].

To reduce needle penetration of the back wall of the vessel, the shortest nee-
dle length should be chosen (20-32 mm). The dialysis staff may alter needle
lengths in order to reach deep accesses. The arterial needle should always have
a back eye to ensure that the optimal flow is achieved; this prevents suction of
the needle to the inner vessel wall and therefore reduces the rate for rotation of
the needle.

Needles are available as sharp or blunt ones. Sharp needles have a cutting
edge and a silicone coating for optimum insertion, and low flow resistance.
Blunt needles are designed/developed for the buttonhole cannulation technique;
they are rounded on the top and do not have a sharp, cutting edge like tradi-
tional needles. Two specific embodiments are described: an all stainless-steel
version and a plastic version with a sharp or a blunt mandrin, which is removed
after cannulation.

The venous needle must always point toward the venous return (antegrade)
to encourage better venous return. Arterial needle placement can be antegrade
(in the direction of the blood flow) or retrograde (against the direction of the
blood flow). The antegrade puncture of the arterial needle would not increase
the risk of recirculation if the access blood flow is significantly greater than the
blood pump flow [7, 8]. There is no evidence that retrograde cannulation in
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grafts leads to ‘flap’ creation that may be kept open with the blood flow after
needle removal, and delay hemostasis or contribute to insertion-related compli-
cations.

Once the needle is cannulated, it is crucial to tape and monitor dialysis nee-
dles and blood lines securely to prevent complication such as infiltration and
completely or partially needle dislodgement. Needle dislodgement is a serious
potential complication of hemodialysis therapy. Especially, venous needle dis-
lodgement can give injury or can be fatal. Therefore, every dialysis unit should
develop clear guidelines for securing the needles and blood lines to reduce the
risk. VA and needle sites should be visible at all times during hemodialysis. Staff
and patients should be aware of the risk and consequences for needle dislodge-
ment. Additional protection can be provided by devices intended to detect blood
loss to the environment [9].

The technique of needle removal is as important as cannulation to protect the
VA from damage and to facilitate proper hemostasis. Needles should be re-
moved at the same angle as they were inserted. When the needles are removed,
hemostasis should be obtained by applying mild, digital direct pressure over the
needle sites, using two-digit technique, one finger at the skin (external), and one
finger at the blood vessel wall (internal), for at least 10 min. In general, pros-
thetic grafts require a longer time to achieve hemostasis. Prolongation of the
compression time is suspect from a proximal stenosis.

Cannulation Technique

Cannulation of the VA is a basic but essential part of the dialysis treatment, and
remains stressful to patients and medical staff. With today’s population, cannu-
lation of the VA requires a high level of awareness, specific knowledge and skills
of the dialysis nurse. A deficit in cannulation skills can have negative conse-
quences for patients’ VA. Studies showed that a great percentage of patients en-
counter cannulation-related problems such as infiltrations, hematoma forma-
tion, infections and aneurysms resulting in catheter use and single-needle dialy-
sis. Needle infiltration due to a fragile vessel wall, is a relatively frequent
complication in newly mature fistulas, which occurs most commonly in older
patients [10, 11]. Single-needle dialysis may be a valuable option for patients
with an immature fistula or cannulation-related complications, although the
single needle technique requires careful monitoring of the dialysis dose.

Many of the cannulation-related problems can be prevented with proper can-
nulation techniques. Therefore, it is important that only an experienced dialysis
nurse with excellent cannulation skills cannulates newly matured fistulas. Every
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Buttonhole
with blunt
needle

Rope-ladder Rope-ladder with sharp needle:
with sharp arterial cannula ante- (A) or
needle retrograde (B)

Venous cannula antegrade
AVF AVG

Fig. 2. Ideal cannulation technique for AVFs and AVGs.

dialysis department should develop and implement a standardized protocol for
cannulation of the VA, in particular ‘new fistulas’. The evidence-based practice
protocols should be with clear and detailed instructions about the cannulation
procedure and interventions for complications. Ultrasound-guided cannulation
may facilitate successful cannulation of difficult accesses.

There are two methods for cannulation of the VA (fig. 2).

The conventional cannulation method is the rope-ladder technique (RL). For
every dialysis, two new sites are chosen for needle placement and the whole ac-
cess length is used for cannulation, with a minimum of 2-3 cm between the tips
of the arterial and venous needles, at least 3 cm from the anastomosis, and avoid-
ing the previous sites. Based on the assessment of the VA, the unique angle of
insertion is chosen, which is generally 25° for the AVF and 45° for the AVG [7].
To allow rotation of the needle sites, a cannulation segment of 10 cm is required
[10]. The RL is advised for the cannulation of AVG, to avoid graft disintegration.
In daily practice, often the same area of the VA is cannulated (so called area tech-
nique), for reasons of comfort and ease, a complicated cannulation route, or a
short length of vein segment, which weakens the fistula wall and leads to forma-
tion of pseudoaneurysms and stenosis [12]. Although it is not preferable, the
area technique is very often used.

Another cannulation method, the buttonhole technique (BH), was first used
with patients who had limited AVF cannulation sites [13]. It requires repeated
cannulation with sharp needles at exactly the same spot, using the same angle
and same depth of penetration to create a tunnel track, preferably performed by
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a single cannulator to prevent the risk of multitrack formation. Because creation
of the BH track can be difficult, especially in units with multiple cannulators,
various devices can be used to assist BH track creation, such as the polycarbon-
ate peg (BH Stick®, Nipro Corporation, Osaka, Japan) [12] and the recently de-
veloped surgical implanted vascular needle guide VWING [14]. With the use of
the polycarbonate peg, a sterile 5-mm-long thumbtack-shaped polycarbonate
peg is inserted toward the tunnel created by the removed dialysis needle once
hemostasis has been achieved. For a period of 2 weeks, the peg is left in place
between dialysis treatments and is removed before the next cannulation [15].
The VWING is a subcutaneous titanium needle guide sutured directly on the
top of the AVF to guide the needle [14]. These approaches might be effective in
the creation of tunnel tracks for buttonhole cannulation.

Once the track is formed (8-12 times), subsequent cannulators should use
blunt needles, and must follow exactly the direction and angle of the developed
track to minimize vessel trauma, which may extend VA lifespan [16-18]. A re-
cent article reported that the concept of the BH is to create a ‘vasculocutaneous
fistula’ of a very narrow diameter. Obliquity and length, between 5 and 10 mm,
are two key components that help hemostasis and function [19].

The BH is not just a variation on the RL, but is an entirely different way of
performing cannulation and requires different attitudes and skills of the dialysis
nurse. Several studies have compared the cannulation of the BH versus the RL
technique and showed potential benefits of the BH with reduced risk of access-
related complications such as needle infiltration and subsequent hematoma for-
mation, aneurysm formation, and cosmetic appearance, cannulation ease and
less pain.

However, recent randomized studies found that the BH is associated with an
increased risk of infectious complications [20-23]. Infection induced by the BH
should not be underestimated, and requires an aseptic and correct technique of
the procedure with careful attention to scab removal to reduce the infection risk.
Although in the last years much has been published about the BH versus RL, best
practices have not been determined. Further research is required to provide in-
formation regarding the long-term outcome of the BH compared to the RL tech-
nique. The BH may have advantage for patients with a short or complicated
cannulation segment or for self-cannulation. Continuous training, education
and evaluation of the VA technique to prevent or minimize complications are
mandatory.

When choosing the most appropriate cannulation technique, it is important
that the specific AVF, patient characteristics, patient preference and nursing ex-
perience are taken into account.
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Multidisciplinary Approach

VA care requires continuous education of staff and patients, timely referral, ad-
equate planning, early identification or prevention of complications with elec-
tive treatment. Given the increased complexity and the multidisciplinary char-
acter of VA care, it is a prerequisite to establish a dedicated multidisciplinary
approach involving the patient, dialysis nurses/VAC, nephrologists, surgeons,
radiologists, and ultrasound technicians. The fact that different professionals are
involved may lead to fragmentation of management and care, with a lack of
overview and insufficient knowledge about VA standards or responsibility of the
different professionals. To prevent this, it is a prerequisite to establish a dedi-
cated approach by implementing structured multidisciplinary quality improve-
ment program based on international guidelines, in every dialysis facility. Close
collaboration, commitment, competency and communication between the team
members, are mandatory to deliver the highest quality of care and improved VA
outcomes. A regular multidisciplinary access meeting to discuss relevant issues,
find solutions and evaluate outcome data is essential. Studies demonstrated that
the implementation of a VA care pathway to streamline the processes increased
patient satisfaction and reduced hospital days and costs while achieving accept-
able outcomes for access surgery [24].

Vascular Access Coordinator

The VAC works as part of the integrated, multidisciplinary team and plays a
pivotal role to provide continuity and coordinated care by being an advocate and
liaison between all the involved parties.

The responsibilities of the VAC are:

- maintain collaborative relationships and streamline communication between
the multidisciplinary team;

- support staff to ensure ongoing monitoring and surveillance of the VA, and
coordinate intervention if necessary;

- troubleshooting for all VA-related problems;

- ensure the practice is evidence based and identifies quality improvement;

- ensure quality education and competency of staff/patients;

- oversee data collection and management.

To achieve this goal, it is important that the VAC is a dedicated person who
has the ability to be flexible, to organize, and effectively communicate and col-
laborate with all members of the VA team. A coordinated multidisciplinary ap-
proach proved to be effective with improvement of patient outcomes in VA care
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such as greater patient satisfaction, reduced number of hospitalizations and re-
duction of the average waiting time for treatment [25, 26]. Overall, this strategy
enables the delivery of an individualized plan of VA care, with emphasis on pa-
tient safety and outcome.

Data Collection and Management

Access care data are measured to continuously improve VA quality process and
measure the effects of the performance and effort. Each center should establish
a computerized database for continuous collection that is focused on indicators
related to improvement of VA outcome including the number and types of VA
placement, hospital admissions (and days), waiting time for VA construction,
catheter use, results of surgical/ radiological procedures and complication rates.
Data should be reviewed weekly/monthly at multidisciplinary meetings.

These data allow multidisciplinary evaluation and review of outcomes and if
necessary to make adjustments to the VA process. Clinical outcomes enable to
improve decision making and benchmarking to the national and international
standards. Furthermore, it is valuable for research to discover relevant knowl-
edge and improve VA care.
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Abstract

The role of dialysis patients in ensuring their own safety throughout the process of vas-
cular access construction should be far from negligible. Patients can make important
contributions to their safety starting in the predialysis stage, via vascular access construc-
tion and through the experience of chronic hemodialysis. Currently, patients assume a
passive role and their empowerment requires both patients and caregivers to overcome
many personal and cultural barriers, thus encouraging safety-related behavior. There are
many opportunities for end-stage renal failure patients to be involved in every stage of
their disease. In this chapter, we discuss how hemodialysis patients can participate in
patient safety, including some of the main opportunities for involvement along the care
pathway from the point at which the decision is made that the patient requires vascular
access surgery. © 2015 S. Karger AG, Basel

Recommendations to Improve Patient Safety

* Patients can make important contributions to their own health care safety.

¢ In order to enable patients to contribute to increasing their safety, they
should not be sidelined into a passive role.

* Hemodialysis patients can and should participate in patient safety, and
there are many opportunities for them to be involved in every stage of their
disease.



* Empowerment should be a fundamental feature of any intervention aimed
at increasing the patient’s level of confidence in performing safety-related
behaviors.

o Caregivers should set aside traditional patronizing roles in order to bridge
personal and cultural barriers enabling themselves and their patients to as-
sume their individual roles in safety-related relationships.

Introduction

In medical care in general, patients can make important contributions to their
own health care safety [1-4], reducing their susceptibility to medical errors by
practicing safety-related behaviors to reduce the risk of or even prevent medical
errors. In addition to any information about their medical history, they or their
accompanying caregivers or relatives can (and should be encouraged to) discuss
their concerns about the care they receive, oversee care processes, and report on
complications [1]. This type of patient-based behavior has the potential to pre-
vent errors in medical management. Types of behavior that have the potential
to prevent errors should be collaborative between patients and the dialysis team,
encouraging patients to ask questions about their condition, its treatment, com-
plications, expected outcomes and prognosis. The knowledge gained by patients
in this type of interaction can enable awareness of untoward and unexpected
events in order to alert the staff, or in the early stages of an adverse process or
complication. In surgical patients, up to half of all adverse events may be associ-
ated with surgical procedures, and 30-50% of major complications occurring in
patients undergoing general surgical procedures are thought to be preventable
[5, 6]. Some types of safety-related behaviors will necessarily be specific to surgi-
cal procedures.

The type of involvement by the patient, for example asking questions, and the
relative importance for such involvement in reducing patients’ susceptibility to
medical errors or facilitating optimal surgical health outcomes, is discussed.
Some examples include asking health care staff if they have washed their hands
before treatment to reduce susceptibility to infection, checking medication to
prevent drug prescribing or administration errors, and checking medical notes
to identify errors or omissions in the records such as incorrect medication
(fig. 1).

The dialysis access center is a multidisciplinary facility that includes a ded-
icated vascular access team for the creation and maintenance of AV access ac-
cording to the ‘one stop shop’ model. Planning, constructing and maintaining
the access with continuous surveillance is carried out by the same surgeon who
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checking for
hand
disinfection

asking for information
concerning medication

checking medical
notes

asking about personal
medical issues

good communication with the
vascular access team

Patients may improve
their safety by

Fig. 1. Empowerment of hemodialysis patients can improve the safety process. Commu-
nication between the health care team and the patient is key to overcome intrapersonal,
interpersonal and cultural barriers.

performs the preoperative mapping and planning using physical examination,
Doppler ultrasound scan and venography when needed. The vascular access
team is made up of dedicated vascular surgeons, radiologists, nephrologists
and a nurse coordinator. This dedicated team can give vascular access services
to one or more dialysis units in close cooperation with the responsible ne-
phrologists of every referring unit. An ideal access center team should involve
all the professionals’ activities centering on the patient himself, enfolding and
accompanying the patient through the ‘via dolorosa’ of stepping into hemodi-
alysis.

The types of opportunity for patient participation, both to prevent medical
errors and to optimize health outcome, will vary along the care pathway. How-
ever, for any patient to participate in any behavior at any stage of his care, 3
things will consistently be required: knowledge on how to participate; ability
to participate — derived, in part, from the patient’s knowledge but also largely
dependent on the patient’s physical and cognitive capacity; and his/her will-
ingness to participate. Unfortunately, many dialysis patients are not able to
participate, but a family member may represent the patient or take his place,
thus preserving patient participation in patient safety management.
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Safety-Related Behaviors, Barriers to Patient Involvement and Clinical
Implications

Five types of safety-related behaviors have been defined by Davis et al. [7]: con-
tinuous versus on-off; proactive versus reactive; interactive versus noninterac-
tive; confrontational versus nonconfrontational; and behaviors to prevent errors
of omission versus errors of commission. For example, a patient asking a health
care professional to check that they have received the correct medication in-
volves the patient asking a question to prevent a medication error. The action
comprises the following characteristics: continuous, proactive, interactive, con-
frontational, and preventing a potential error of commission. In this example,
patient participation could be facilitated by encouragement to challenge the cli-
nician’s competence, and there is evidence in the context of medication safety
and infection control that provides some support for this view [8].

Patient involvement in safety depends on their interactions with health care
professionals. Barriers affecting patient involvement need to be overcome in or-
der to encourage patient involvement [9, 10]. These consist of: intrapersonal
factors (such as the patient’s degree of comfort in questioning staff about treat-
ment); interpersonal factors impacting on how the two sides interact (such as
the surgeon encouraging the patient to challenge medical decisions); and cul-
tural factors (for example, whether staff are willing to have their judgment ques-
tioned in the first place) [9-13]. Communication between health care profes-
sionals is the key to overcoming these intrapersonal, interpersonal, and cultural
barriers that impede participation and may vary from behavior to behavior and
from patient to patient.

Empowerment should be a fundamental feature of any intervention aimed at
increasing the patient’s level of confidence in performing safety-related behav-
iors. A major cultural barrier to patient empowerment and, in turn, patient in-
volvement is professional defensiveness and resistance to the move away from
the paternalistic viewpoint that the “physician knows best’ [12, 13]. For example,
physicians may be antagonistic to increasing patient involvement because of a
cultural outlook that discussion of risk may have a negative psychological im-
pact. Cultural interventions aimed at health workers within the organization are
imperative to make patient involvement in safety realistic. This includes educa-
tional approaches aimed at changing stereotypical assumptions and to increase
staff compliance to being openly questioned and challenged by patients. Patients
should be given the means to increase their knowledge of the illness, the points
at which they can participate in the delivery of their health care and to express
their views without concern, without increasing their anxiety at a time when
they may already feel vulnerable. Steps should be taken by the caregiver to bridge
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Fig. 2. Patient-centered approach with close collaboration between members of the ac-
cess center team.

the intrapersonal, interpersonal and cultural barriers, while setting aside tradi-
tional patronizing roles, to the benefit of both the caregiver and the patient.

Patients have much to contribute to increase their safety and they should not
be sidelined into a passive role.

The Role of the Access Center and Stages in Hemodialysis Access
Management

The center effect has been discussed in conferences, but there has been no clin-
ical trial that has reported on the advantages of the vascular access center. Al-
though highly recommended by many leading surgeons, there are no quantita-
tive data demonstrating its success or justifying its existence.

Patient referral by the nephrologist to the access surgeon or center should be
done at an early stage of the disease (stage 2-3) [14]. Clear transfer of informa-
tion between all the members of the team is mandatory (fig. 2). For example, on
referral for vascular access construction, the nephrologist should inform the
surgeon of the patient’s anticipated date for starting on hemodialysis (even
though that date may change) so that the surgeon can plan the surgery accord-
ingly. The referral letter should also include a comprehensive report of the diag-
nosis, risk factors, list of medications (specifically anticoagulant medication)
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and allergies. Included in the report should be recent blood tests such as blood
count, electrolytes and coagulation profile. If a hypercoagulability state exists,
this should be noted, so the surgeon can avoid using grafts in such patients.

The conceptual structure of an ideal, patient-centered access center is one
where all the professionals act proactively and cooperatively. Patients are re-
ferred by many dialysis units and the best possible access is created in each in-
dividual patient by the team. Surveillance and maintenance are similarly carried
out with patients referred between the various professionals immediately on
encountering problems.

Patients should have preoperative evaluation using Doppler ultrasound-en-
hanced physical examination for vascular access planning, preferably in the
nondominant arm. The mapping should be performed by the surgeon who will
do the actual surgery, taking into account patient age, medical conditions and
other risk factors mentioned in the nephrologist’s report. When the same person
plans and carries out the surgery, the plan is tailored for the patient’s benefit ac-
cording to the surgeon’s capabilities. For example, a surgeon who is not experi-
enced in femoral vein transposition may choose to do a graft instead for the
benefit of both patient and surgeon [14]. The surgeon who does the planning
informs the nephrologist of his recommendation for a specific patient using a
drawing of the hand vasculature and the planned access surgery. Similarly, the
surgeon should inform the nephrologist and the patient of his recommendation
and of the optimal timing for construction of the access.

The access is preferably performed by a dedicated vascular access surgeon,
who is a member of the team, in a center equipped with a dedicated operating
room with a dedicated angiography suite. After the surgery, the access team is
responsible for fistula maturation using exercise with rubber ball and venous
tourniquet starting 5 days postoperatively. Suture removal is done by the team
as a first surveillance station in the postoperative access follow-up process.

A Doppler ultrasound-enhanced physical examination is performed for fis-
tulas 4-6 weeks postoperatively to assess maturation [14]. In case of nonmatura-
tion, the cause of nonmaturation should be identified and treated by the surgeon
or the interventional radiologist, who are both part of the access team.

When the fistula is established as mature, the patient is referred back to the
nephrologist and dialysis staff equipped with a clear letter and a drawing of the
access, including accurate data such as flow, vein diameter and vein depth. The
best location for the puncture sites should be clearly marked on the skin over the
access.

Decisions regarding fistula adequacy and removal of a central vein catheter
are made by the access team to ensure access patency by minimizing the risk of
central vein complications, mainly infection or occlusion.
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Access surveillance and maintenance are carried out according to the prin-
ciples of the dedicated access team, preferably in an access center setting. Pa-
tients with symptomatic stenosis should be referred for treatment armed with a
clear drawing of the access to enable tailoring of the procedure to the specific
problem. All team members surrounding the patient share the goal of keeping
the access patent for the entire period of the patient’s life from diagnosis of renal
failure until death.

There are many opportunities along this path for the patient to be engaged in
safety behaviors and for the access team to ensure such behaviors.

The Patient’s Role in Patient Safety in the Process of Access Construction

The stages of the care pathway in end-stage kidney disease are defined as follows

(table 1).

Predialysis Period

The predialysis period is the time between the diagnosis of renal failure to the
time of dialysis initiation. During this period, the patient is referred to a surgeon
to construct vascular access in preparation for hemodialysis.

Patient education should be started in the predialysis period if possible to in-
crease the rates of early access placement [15]. During the predialysis period, the
patient should be aware of vein preservation, avoiding puncturing of veins in the
nondominant arm for any reason including blood sampling, intravenous lines
and administration of medication.

According to the results of the preoperative evaluation, the surgeon should
educate the patient to preserve the veins of the arm selected for surgery with the
best access possible for the patient. Sometimes, the best arm is the dominant
arm, and blindly preserving the veins of the nondominant arm is useless. During
this encounter, there is a role for both the patient and the surgeon in overcom-
ing the inhibitions between the caregiver and the patient, thus creating the first
step towards a healthy interactive relationship between them.

Preoperative Planning

All patients should undergo Doppler ultrasound vascular examination, and
planning of the best possible access prior to construction of a fistula [14].
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Table 1. Surgical care algorithm and key opportunities for patient involvement along the

pathway

Stage of the care pathway

Key opportunities for patient involvement

Predialysis period

Asking questions about vein preservation: the patient should be
aware of venous preservation avoiding puncturing the vein in the
nondominant arm for any reason including blood sampling,
intravenous lines and administration of medications.

Asking questions about preemptive access planning: during
preoperative evaluation with Doppler ultrasound for access planning,
the need to preserve the veins of the arm with the best potential for
access construction should be discussed. Sometimes, the best arm is
not the nondominant arm and preserving the veins of that arm is
useless.

Preoperative planning

Selecting the nondominant hand: the patient should inform the
surgeon about the side of the dominant arm and ask to do the access
in the nondominant arm if possible [14].

Selecting the type and location of access: patients should be involved
in the decision about the type of access and ask the surgeon about
the consequences for each access. For example, patients should
enquire why native fistula construction is not possible if this is better
than graft, or why an upper arm access is to be created when starting
in the forearm is more likely to preserve the vasculature [14].

Decision to operate
(initial consultation with
the access surgeon)

Consenting to the procedure: knowledge of risks and benefits of as
well as alternatives to the medical intervention enables fully informed
consent to be given and reduces the possibility of an inappropriate
decision being made. This knowledge can also influence compliance
to recommendations resulting in better health outcomes [1, 12, 13].

Choosing an access surgeon: patients should choose (when possible)
a high-volume surgeon to reduce the risk of primary fistula failure,
which may be 34% lower when placed by a surgeon who created 25
or more fistulas during training [17].

Asking questions about surgery: patients should be fully informed
about their surgery and what to expect from the subsequent recovery
process to make them more likely to understand how to adhere to
their treatment regime. This heightened understanding can increase
compliance to improve outcomes and facilitate the recovery process.

Preoperative assessment
clinic

Discussion of preexisting conditions: nearly all patients have a
preexisting condition such as diabetes, hypertension, or cardiac
disease; they should discuss the effects of the new access on their
current iliness with their surgeon, such as the effect of access surgery
on cardiac function in patients with congestive heart failure.

Discussion of current medication regimen: patients should make staff
aware of their medication regimen. For example, patients on
anticoagulant therapy should discuss when to stop the treatment if
at all, possible replacement therapy and the consequences of
stopping the medication.

Time between
preoperative assessment
clinic and hospitalization

Fasting before surgery: the patient should understand the
importance of fasting for 6 h prior to the operation to reduce the risk
of perioperative vomiting with its potentially serious consequences.
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Table 1 (continued)

Stage of the care pathway

Key opportunities for patient involvement

During hospitalization:
at admission

Medications: health care staff should be informed of drug allergies
and bad reactions to anesthesia.

Patient identification wristbands: patients should notify staff at any
stage of hospitalization if the information on their wristband is
incorrect or if they have no wristband to prevent errors related to
patient misidentification.

During hospitalization:
preoperative stage

Site identification: patients should ensure the surgeon clearly marks
the extremity that is to be operated on and verify that this is the
correct surgical site to prevent wrong site surgery (wrong person,
wrong organ or limb, or wrong procedure).

Telling the anesthetist about medications: information about current
medication, drug allergies, and any bad reactions to anesthesia
reduces the likelihood of a medication error including undesirable
drug interactions.

Asking questions about recovery: if patients ask questions and know
what to expect in their recovery, they can alert a member of staff if
they think there is a problem.

During hospitalization:
postoperative stage

Problems with the surgical dressing: notifying staff could help to
reduce the likelihood of infection or other wound complications.

Deterioration in condition: chest pain or difficulty breathing,
suggesting deterioration in the renal function and threatening of
dialysis initiation, should be reported.

During hospitalization:
discharge stage

Postdischarge treatment plan: patients who know what to expect
from their treatment plan are more likely to adhere to the plan; this
can help increase compliance, which positively affects the recovery
process and can reduce the likelihood of a readmission due to
postoperative treatment complications.

Posthospital discharge
stage

Wound infection: patients should notify a member of the outreach
health care team. This can help to prevent the spread of infection and
can speed up the recovery process.

Verification of access function: patients should know how to check
for thrill and who should be called in case the thrill is not palpated.

Patient should be aware of late complications: patients should know
whether to expect edema of the arm or at the wounds. In the case of
AV graft, edema may be a normal outcome of weeping from the graft.

Fistula maturation

Asking questions about the condition of the access: patients should
understand the concept of fistula maturation, including flow and
diameter, and ask when the fistula will be ready for cannulation. For
AV graft, there needs to be an understanding of early cannulation of
regular grafts. Patients should ask what to expect at the initiation of
cannulation and when any central venous catheter should be
removed.

Fistula adequacy

Asking questions about the condition of the access: during dialysis
patients should ask about the adequacy of dialysis and the need for
assessment by Duplex ultrasound, or intervention.
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Before surgery, the patient should be prepared for the surgical process in-
cluding the type of anesthesia for the surgery and should be informed of the risks
of the surgery and how to minimize them. Patients should be encouraged to ask
others on dialysis about the surgery and their experience of it. They should be
supported and counselled in obtaining information from the Internet.

Decision to Operate

The timing and type of vascular access should be undertaken by the nephrologist
in coordination with the vascular access surgeon.

Assessment Clinic

The patient should be examined before surgery to assess the patient risk for surgery.
Ideally, this should be done together with the access planning. In the time between
the assessment clinic and hospitalization, the patient should be prepared for sur-
gery by performing blood tests, electrocardiogram and other tests as indicated.

Hospitalization Period

This is the period from patient admission through the preoperative stage con-
tinuing in the postoperative stage and concluding in the discharge stage. Patients
should receive specific instructions regarding wound care, exercising the hand
to encourage maturation of fistulas, and an appointment for follow-up examina-
tion. It is critical that the staff ensure that the patient and his/her representative
comprehend these instructions before discharge.

Postoperative Period

The postoperative period is one of the most precarious periods influencing the
success of surgery and patient safety. Patients should be instructed about all the
common complications including pain, bleeding, hematoma and false aneurysm.
The patient should be informed about what to do about each complication,
and the surgeon should provide a phone number where the patient will be able
to report when necessary.
Clear reporting to the nephrologist about the operation is essential.
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Posthospital Discharge Stage

This is the time after the patient is discharged. Exercises with a rubber ball are
started after suture removal (preferably by the vascular access surgeon who op-
erated on the patient), which is the first surveillance point, and additional exer-
cises with a venous tourniquet are prescribed.

Fistula Maturation

This is the process by which a fistula becomes suitable for cannulation. The rule
of sixes states that a mature fistula must be a minimum of 6 mm in diameter with
discernable margins when a tourniquet is in place, less than 6 mm deep, have a
blood flow greater than 600 ml/min, and the fistula should be evaluated for non-
maturation if, after 6 weeks from surgical creation, it does not meet these criteria
[14].

Fistula Adequacy

A fistula is considered adequate if it supports a blood flow of 2350 ml/min in at
least 6 dialysis sessions in one month [16].

Maintaining Access Function

Problems in access function should be detected by clinical surveillance and
promptly referred for further evaluation and treatment.

Post-Kidney Transplantation Period

Hemodialysis is no longer necessary but plasmapheresis may be required for
high antibody levels, and rejection may lead to hemodialysis in the future. Pa-
tients should be instructed to care for the fistula in the same fashion as during
the dialysis phase, and blood sampling should be from native fistulas, if present,
to preserve the contralateral arm for future access surgery.
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Table 2. Hemodialysis care and key opportunities for patient involvement along the

pathway

Stage of the care pathway

Key opportunities for patient involvement

Preparation for
hemodialysis

Discussion of current medication regimen and medical update:
patients should update the staff on every change in their medical
condition, new medication prescribed to them and ask questions
about the influence of these changes on hemodialysis. This should be
an interactive and proactive discussion if feasible.

Discussion of fluid balance: the patients’ role is the most important
factor in the prevention of this problem. Strict fluid intake limitation
mitigates the risk of pulmonary edema between dialysis sessions.

Discussion of hypertension: it is the patients’ responsibility to
monitor their blood pressure and to take their medication regularly.

Cannulation

Ensure dialysis staff performs a precannulation access physical
examination: patients should be involved in avoiding cannulation of
occluded accesses or complicated aneurysms.

Alert dialysis staff if the distance between cannulation sites is too
close: it should be 6 cm according to guidelines.

Discussion of the cannulation technique: the area technique versus
buttonhole technique for fistulas, and in grafts the rope ladder
technique, should be used to prevent accelerated destruction of the
graft.

During dialysis

Ensure dialysis staff pay attention to alarms on the dialysis machine:
this could be a sign of a problem in the access or clotting of the coil.

Discussion of the progress of dialysis: patients should discuss with
the dialysis staff the significance of every alarm during the
hemodialysis session and understand the significance of each alarm.
Patients should participate in ensuring proper treatment if there is a
persistent alarm.

Termination of dialysis
session

Notify staff if there is prolonged bleeding from puncture sites or
bleeding at home: this is highly suspicious for draining vein stenosis,
and patients should be referred to a vascular access surgeon.

Patient discharge

Notify staff if there is weakness or dizziness: these could be
symptoms of hypotension and can be alleviated by rest and drinking
coffee.

Discussion of the weight after dialysis: patients should discuss
whether the target weight has been achieved and what their ideal
dry weight is. Patients should inform staff how they feel with this
weight and if they are too dry.

The Patient’s Role in Patient Safety in the Hemodialysis Unit

Table 2 details some of the key opportunities for patient involvement along

the hemodialysis care pathway from the point at which the decision to start

hemodialysis is made. The nature of the activity required (such as asking ques-
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tions) and the importance for such involvement in reducing patients’ suscep-
tibility to medical errors or facilitating optimal surgical health outcomes is
discussed.

Choosing a Dialysis Unit

Patients can choose a dialysis unit according considerations such as proxim-
ity to home and being familiar with and trusting the nephrologists and their
staff.

Patient Safety in the Dialysis Unit

The patient should be encouraged to be engaged in every step of his treatment
during dialysis. Vascular access for hemodialysis is the renal failure patient’s life
line. Inadequate dialysis [low Kt/V (<0.8)] significantly correlates with increased
mortality rate [18]. Protection and supervision of the vascular access is a multi-
disciplinary task, where the patient has a major role together with the dialysis
nurse, nephrologist and vascular access surgeon.

Education is extremely important for dialysis patients (or their carers for pa-
tients who are not competent). Patient education has been shown to prevent
complications such as infection and may improve access survival [19]. The pa-
tient should keep the vascular access area clean and wash it daily, avoid shaving
near the puncture sites and avoid tattoos. In addition to personal hygiene, all
patients should be taught self-examination, including where and how to feel for
a thrill, how to recognize infection, and to notify a member of the dialysis staff
in case of abnormal or suspicious findings.

Patients should have a supervisory role in ensuring that the staff use proper
aseptic techniques whenever the access is palpated, inspected, or cannulated.
Patients should be taught about puncturing techniques to avoid ‘one-site-itis’
using the rotation technique or the buttonhole method in native fistula, or by
using the rope ladder cannulation technique in grafts [14].

For patients with central vein catheters, they should be educated in keeping
the dressing sealed, clean and dry, especially when taking a shower. In case of
bleeding or catheter withdrawal, the patient should press on the exit site and be
admitted to the emergency room. In case of fever, pain or swelling, patients
should immediately notify a member of the outreach health care team.

The stages of the care pathway in the dialysis unit are defined as follows.
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Check for skin
lesions and non-
healing crusts

Check for hand

Check for bruit and ischemia (cold fingers, pain)
a strong pulse and palpable pulses

Check for prolonged
bleeding after

removing the cannulas Check for arm
swelling

Fig. 3. Each vascular access should be checked before every hemodialysis session.

Preparation for Hemodialysis

(1) Receiving updated medical information about the patient’s condition or new
medicines. Symptom assessment such as cramps, prolonged bleeding from
puncture sites, or fluid loss due to diarrhea. If the patient complains of cold
fingers on the side of the access, a glove should be used during the winter.

(2) Evaluation for fluid overload. The patient is weighed in the dialysis unit. The
patient should be responsible for fluid balance, avoiding excessive fluid and
salt intake.

(3) Hemodynamic assessment including blood pressure and pulse rate.

Cannulation

(1) The limb with the access is gently scrubbed with antiseptic soap.

(2) Access physical examination (fig. 3) is carried out for infection and function,
presence of thrill and absence of strong pulse over the puncture sites. Avoid
cannulation of aneurysm when possible and change the puncture site. In-
spect for local skin ischemia and the presence of nonhealing crust. Swelling
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of the arm indicates draining vein stenosis and should be explored. When
signs of hand ischemia and nonhealing finger ulcer and necrosis are present,
the patient should be referred urgently to a vascular surgeon.

(3) Forall vascular accesses, aseptic technique with sterile gloves and face masks
for the patient and the nurse should be used for all cannulation procedures.
The dialysis nurses cleanse the skin by facility-approved antimicrobial prep-
aration [14].

(4) There must be a sufficient distance between the puncture sites to prevent
recirculation.

(5) Fixation of the needles is essential.

(6) Cannulation techniques are important: area versus buttonhole in fistulas,
and using the rope ladder technique in grafts [20, 21].

During Hemodialysis

The patient should be involved in the dialysis process and not allow alarms to be
ignored. High venous pressure may indicate clotting of the coil leading to blood
loss. Persisting high venous pressure is suspicious for the presence of outflow
vein stenosis. Blood pressure should be kept stable during dialysis.

At the End of Dialysis Session

With guidance from the dialysis nurse, the needles are withdrawn first from the
venous and then the arterial puncture sites. Prolonged bleeding from puncture
sites is highly suspicious for draining vein stenosis, and the patient should be
referred to vascular access surgeon.

Patient Discharge

The patient is weighed to assess if the target weight was achieved.

Conclusions

The access center concept is to follow the patient from access planning and cre-
ation to maturation and maintenance of the access until the patient dies. Full
cooperation and teamwork are essential for success. Protocols to ensure patient
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safety are well established; however, the professionals making up the access team

are in a unique position to influence patients to take responsibility for their own

safety as part of access center policy.

Disclosure Statement

The authors have no conflicts of interest to declare.

References

1 Coulter A, Ellins J: Patient-Focused Interven- 10

tions: A Review of the Evidence. London,
Picker Institute Europe/Health Foundation,
2006. 11

2 Darzi A: High Quality Care for All: NHS
Next Stage Review Final Report. London, De-
partment of Health, 2008.

3 Vincent C, Coulter A: Patient safety: what 12
about the patient? Qual Saf Health Care 2002;
11:76-80. 13

4 Davis RE, Jacklin R, Sevdalis N, Vincent CA:
Patient involvement in safety: what factors
influence patient participation and engage-
ment? Health Expect 2007;10:259-267. 14

5 Weingart SN, Wilson R, Gibberd RW, et al:
Epidemiology of medical errors. BM]J 2000;
320:774-777.

6 Vincent C, Moorthy K, Sarker SK, et al: Sys-
tems approaches to surgical quality and safe- 15
ty; from concept to measurement. Ann Surg
2004;239:475-482.

7 Davis RE, Sevdalis N, Jacklin R, Vincent CA:

An examination of opportunities for the ac-
tive patient in improving patient safety. J Pa- 16
tient Saf 2012;8:36-43.

8 Davis R, Koutantji M, Vincent C: How will-
ing are patients to question healthcare staff
on issues related to the quality and safety of
their healthcare? An exploratory study. Qual 17
Saf Health Care 2008;17:90-96.

9 Howe A: Can the patient be on our team? An
operational approach to patient involvement
in interprofessional approaches to safe care. J
Interprof Care 2006;20:527-534.

The Role of Hemodialysis Patients in Patient Safety

Widmer MK, Malik J (eds): Patient Safety in Dialysis Access.

Mishler EG: The Discourse of Medicine, Dia-
lectics of Medical Interviews. Norwood,
Ablex, 1984.

Barry C, Bradley C, Britten N, et al: Patients’
unvoiced agendas in general practice consul-
tations: qualitative study. BMJ 2000;320:
1246-1250.

Arnstein SR: A ladder of participation. ] Am
Inst Planners 1969;35:218-224.

O’Keefe D, Hogg C: Public participation and
marginalised groups: the community devel-
opment model. Health Expect 1999;2:245-
254.

NKF: KDOQI Clinical Practice Guidelines
and Clinical Practice Recommendations for
2006 Updates: Hemodialysis Adequacy, Peri-
toneal Dialysis Adequacy and Vascular Ac-
cess. Am J Kidney Dis 2006;48:51-S322.
Lindberg JS, Husserl FE, Ross JL, Jackson D,
Scarlata D, Nussbaum J, Cohen A, Elzein H:
Impact of multidisciplinary, early renal edu-
cation on vascular access placement. Nephrol
News Issues 2005;19:35-36, 41-43.

Miller PE, Tolwani A, Luscy CP, Deierhoi
MH, Bailey R, Redden DT, Allon M: Predic-
tors of adequacy of arteriovenous fistulas in
hemodialysis patients. Kidney Int 1999;56:
275-280.

Saran R, Elder SJ, Goodkin DA, Akiba T,
Ethier J, Rayner HC, Saito A, Young EW, Gil-
lespie BW, Merion RM, Pisoni RL: Enhanced
training in vascular access creation predicts
arteriovenous fistula placement and patency
in hemodialysis patients: results from the Di-
alysis Outcomes and Practice Patterns Study.
Ann Surg 2008;247:885-891.

249

Contrib Nephrol. Basel, Karger, 2015, vol 184, pp 234-250 (DOI: 10.1159/000366107)



18

19

Parker TF 3rd, Husni L, Huang W, Lew N,
Lowrie EG: Survival of hemodialysis patients
in the United States is improved with a great-
er quantity of dialysis. Am ] Kidney Dis 1994;
23:670-680.

Deaver K: Preventing infections in hemodi-
alysis fistula and graft vascular accesses.
Nephrol Nurs ] 2010;37:503-505.

David Shemesh, MD, RVT
Department of Surgery and Hemodialysis Access Center
Shaare Zedek Medical Center
12 Bayt Street, PO Box 3235
Jerusalem 91031 (Israel)
E-Mail shemeshd@szmc.org.il

250

20 Dinwiddie LC: Vascular access for hemodi-

21

alysis; in Counts CS (ed): Core Curriculum
for Nephrology Nursing, ed 5. Pitman, Amer-
ican Nephrology Nurses’ Association, 2008,
pp 735-752.

White JJ, Olvier MJ, Schwab SJ: Temporary
vascular access for hemodialysis; in Nissen-
son AR, Fine RN (eds): Handbook of Dialysis
Therapy, ed 4. Philadelphia, Saunders Else-
vier, 2008, pp 23-35.

Shemesh - Olsha - Goldin - Danin

Widmer MK, Malik J (eds): Patient Safety in Dialysis Access.

Contrib Nephrol. Basel, Karger, 2015, vol 184, pp 234-250 (DOI: 10.1159/000366107)



Outlook

Widmer MK, Malik J (eds): Patient Safety in Dialysis Access.
Contrib Nephrol. Basel, Karger, 2015, vol 184, pp 251-263
DOI: 10.1159/000366465

Patient Safety in Dialysis Access:
Education and Research

Jan HM. Tordoir? - Matthias K. Widmer®

aDepartment of Surgery, MUMC, Maastricht, The Netherlands; ?Department of Cardiovascular
Surgery, Bern University Hospital, Bern, Switzerland

Abstract

Today, a growing activity to improve patient safety in all domains of medicine is reality.
This chapter deals with patient safety research in general, but is also about strategies to
implement this evidence in the daily clinical work treating patients on dialysis. Good clin-
ical research practice has been well established for some years. In the domain of dialysis
access, further basic, clinical, epidemiological and health service research will be impor-
tant to further improve patient safety as a whole. ©2015 S. Karger AG, Basel

Recommendations to Improve Patient Safety

The specialization today and fragmentation of our work time have to be
counterbalanced by better lifelong learning and continuous communica-
tion.

Dialysis access patient-centered organization is a key issue, and daily effort
in education to sensitize staff and patients to change their behavior is impor-
tant.

A teaching culture including knowledge transfer, simulation and team train-
ing allows a feedback culture using workplace assessment and is the funda-
ment to establish a safety culture where critical incidence reporting systems
and morbidity and mortality conferences are instruments to improve orga-
nizational learning in the health care system.



¢ Research about issues of patient safety (health service research) with a focus
on dialysis access needs further investigation.

¢ Basic and clinical research in relation to dialysis access needs more well-
designed multicenter randomized controlled trials with enough power and
international collaboration.

Introduction

The patient safety aspect in the daily business of health care professionals is in-
terconnected with the health care system, educational behaviors of staff and pa-
tients and finally efforts in research. The latter is on one hand extremely impor-
tant to show the evidence of a treatment strategy or to evaluate the efficacy of
new devices. On the other hand research is by itself a very sensitive domain in
which unexpected adverse events can become a major issue for patients with
end-stage renal disease (ESRD) under investigation.

In this chapter, we will focus on steps in research concerning patient safety
and what kind of educational efforts are necessary to implement patient safety
strategies especially in the population of patients on dialysis. We will also re-
flect and give some input concerning research aspects in the field of dialysis
access.

Research Topics in Patient Safety

In 2011, Shekelle et al. [1] stated in their paper about advancing the science of
patient safety that the theory behind should be more enlightened and that the
patient safety practice should be assessed more in respect of outcomes and pos-
sible unexpected effects. Topics that should be addressed in future research are
external factors (i.e. regulatory requirements, public reporting, pay-for-perfor-
mance), organization structural characteristics (i.e. size, complexity, financial
status or strength), teamwork, leadership and patient safety culture and finally
management tools (training resources, internal organization incentives, audit
and feedback). In conclusion, the authors claim for more measurement and re-
porting in order to show that the benefits of a safety intervention in medicine
compensate for the costs.

Today, more than 10 patient safety strategies are strongly recommended
that should be implemented and others are potentially valuable. Table 1 sum-
marizes some of those topics which are especially relevant in patients with
ESRD [2].
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Table 1. Patient safety strategies with focus on ESRD patients with dialysis access [2]

Patient safety strategies worthwhile to be implemented

Preoperative and intraoperative checklists (WHO)

Bundles that include checklists to prevent central line-associated infections
Hand hygiene

Barrier precautions to prevent health care-associated infections

Use of real-time ultrasonography for central line placement

Patient safety strategies with a potential benefit

Multicomponent interventions to reduce falls

Use of clinical pharmacists to reduce adverse drug events

Documentation of patient preferences for life-sustaining treatment

Obtaining informed consent to improve patients’ understanding of the potential
risks of procedures

Team training

Practice to reduce radiation exposure from fluoroscopy and CT

Use of simulation exercises in patient safety efforts

As clinicians involved in the education process, during the last years we
have been facing working hour restrictions, a trend for a new work life balance,
the specialization of health care professionals and a progression in the com-
plexity of patient care. These realities are responsible for more interfaces be-
tween health care professionals. We therefore need a systematic hand-over
system in order to facilitate a continuous and lasting communication. As for
other specialties documented, we have to assume that the quality of outcome
in vascular access creation is directly correlated with the case load of the sur-
geons [3].

Patient Safety and Organization

Changes in the organization towards a patient-centered process in dialysis ac-
cess centers with well-defined treatment algorithm helps, thanks to standardized
procedures, to avoid mistakes especially those by omission. Another important
fact is to recruit for these dialysis access team persons with specific competenc-
es who have an interest to improve the care of patients with ESRD. Last but not
least, a big issue to optimize patient safety is engaging the patient to be more
responsible for themselves. The patient has to get involved in the treatment pro-
cess and has to ask critical and therefore important questions. Only a few centers
have experiences with vascular access coordinators, but it seems that this model
is effective and successful [4].
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Patient Safety and Education Efforts

Patient safety is a big deal in concerns of staff education. We need nurses and
doctors capable of anticipating problems and willing to change their behavior if
the evidence shows that a patient safety strategy is beneficial. Leadership by a
crew of an institution but also an established teaching culture is key to develop
a feedback culture. This culture allows a no-blame atmosphere to create a safety
culture in which everybody is interested to improve the system by reporting
critical events. Simulation and team training should become more and more
popular supported in practice by workplace assessment to check for standard
procedures but also to improve the performance of each health care profession-
al. Morbidity and mortality conferences but also critical reporting systems are
instruments to push the safety culture. It is without doubt that change manage-
ment is extremely important to introduce patient safety strategies.

Patient Safety and Clinical Research
Good Clinical Practice

Clinical patient-related research is necessary to establish the safety and effective-
ness of specific health and medical products in hemodialysis vascular access
practices. Adherence to the principles of good clinical practice, including ade-
quate human subject protection is universally recognized as a critical require-
ment to the conduct of research involving human subjects (World Medical As-
sociation Declaration of Helsinki) [5]. Much of what is known today about the
safety and efficacy of specific treatments has come from randomized controlled
clinical trials (RCT's) that are designed to answer important scientific health care
questions. RCTs form the foundation for ‘evidence-based medicine’, but such
research can be relied upon only if it is conducted according to principles and
standards collectively referred to as ‘good clinical practice’. This contains a good
and understandable research question with one primary end point and one or
two well-defined secondary end points. Each study needs a clear study design
with a correct power calculation, an ethical approval and a study registration
number so that also studies with a negative outcome will be published. RCT's are
the fundament for further meta-analysis using tools like PRISMA and STROBE
[6, 7]. In order to propagate among health care professionals the evidence for a
treatment concept, societies and organizations invest time and money to write
guidelines screening the literature for specific, up to now nonanswered research
questions [8, 9].
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How to Build and Organize a Research Unit

Basic and clinical studies are the fundamentals of good dialysis access research.
Access to the animal lab and the possibility to include large patient populations
are essential prerequisites to design studies according to good clinical research
guidelines. Therefore, most of fundamental and clinical research studies are per-
formed in university medical centers. For large clinical patient-related studies,
cooperation between university centers and multiple dialysis facilities is manda-
tory.

These studies require the participation of trained clinical research personnel
with the ability to accurately collect data (maintenance of databases) under the
supervision of an investigator experienced in clinical research methodologies.
Basic and clinical research in hemodialysis vascular access benefits from a mul-
tidisciplinary approach, particularly in the context of collaborations with basic
sciences such as vascular biology, physiology, biomedical technology, and clini-
cal specialties like nephrology, surgery, radiology and pathology. In addition, an
important interaction at the clinical and basic science levels would be the rela-
tionship between large dialysis facilities and the university medical center.

Fundamentals of Vascular Access Research
Basic Research

Basic medical research includes animal experiments, cell studies, biochemical,
genetic and physiological investigations, and studies on the properties of drugs
and materials. In almost all experiments, at least one independent variable is
varied and the effects on the dependent variable are investigated. The procedure
and the experimental design can be precisely specified and implemented. For
example, the population, number of groups, case numbers, treatments and dos-
ages can be exactly specified. It is also important that confounding factors should
be specifically controlled or reduced. In experiments, specific hypotheses are
investigated and causal statements are made.

Clinical Studies

Clinical studies include both interventional studies and noninterventional (or
observational) studies. The aim of an interventional clinical study is to com-
pare treatment procedures within a dialysis patient population, which should
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exhibit as few as possible internal differences, apart from the treatment. This
is to be achieved by appropriate measures, particularly by random allocation
of the dialysis patients to the groups, thus avoiding bias in the result. Possible
therapies include treatment with drugs, for instance anticoagulants or cell cy-
cle blockers, the performance of a novel operative technique or the use of new
prosthetic grafts or stents. Most studies require a favorable evaluation from the
responsible medical ethics committee. For clinical studies, it is absolutely es-
sential that the patient signs an informed consent form. A control group is
included in most clinical studies. This group receives another treatment regi-
men and/or placebo - a therapy without substantial efficacy. The selection of
the control group must not only be ethically defensible, but also be suitable for
answering the most important questions in the study. Clinical studies should
ideally include randomization, in which the patients are allocated by chance to
the therapy arms. This procedure is performed with random numbers or com-
puter algorithms. Randomization ensures that the patients will be allocated to
the different groups in a balanced manner and that possible confounding fac-
tors — such as risk factors, comorbidities and genetic variability — will be dis-
tributed by chance between the groups. Randomization is intended to maxi-
mize homogeneity between the groups and prevent, for example, a specific
therapy being reserved for patients with a particularly favorable prognosis. A
well-designed clinical study must include case number planning. This ensures
that the assumed therapeutic effect can be recognized as such, with a previ-
ously specified statistical probability (statistical power). If patient populations
are exposed to drugs (i.e. anticoagulants, cell cycle inhibitors) or implantation
of novel devices (stent, vascular graft), adverse effects should be registered and
published. The RCT with case number planning is accepted as the gold stan-
dard for testing the efficacy and safety of therapies or drugs and together with
meta-analyses regarded as level A evidence. Level B evidence concerns data
from a single randomized clinical trial or large nonrandomized studies. Level
Cis consensus of opinion of experts and/or small studies, retrospective studies
and registries.

The assessment of patency of an implanted vascular graft or operation tech-
nique is a special modality of a clinical study. Valid comparisons on vascular
access patency rates can be made only if patency is defined in a way that can be
universally used by all specialties in a consistent manner [10]. Kaplan-Meier
analysis is the most commonly used life table method in medical practice. It
adequately copes with the issues such as patients for whom the event has not
yet occurred and for those lost to follow-up. The data required by the method
include the time of commencement of the treatment and the time the measured
event occurred (e.g. thrombosis, infection). Patients who dropped out of treat-
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ment and those who are still alive at the end of the study period are ‘censored’,
but the contribution that they have made to the event probability is fully ac-
counted for. The method records the time since initiation of treatment at which
an event occurs and counts the number of patients at risk of the event at that
time. The rate of the event at that time is then one divided by the number at risk.
This is repeated for each event at each time. By multiplying the rate at each time
by that for the time of the previous event, a cuamulative rate and probability can
be calculated. Patients who do not experience the event contribute to the num-
ber at risk but not to the event rate for as long as they remain on treatment. The
time intervals with number of patients at risk and standard errors are indispens-
able to the life tables.

Epidemiological Studies

The main point of interest in epidemiological studies is to investigate the distri-
bution and historical changes in the frequency of diseases and the causes for
these. Observational studies can be subdivided into cohort studies (follow-up
studies), case-control studies and cross-sectional studies (prevalence studies). In
the simplest case, cohort studies involve the observation of two groups of HD
patients over time. It is recorded prospectively (into the future) how often a spe-
cific complication and/or event occurs in the two groups. The incidence for the
occurrence of the event can be determined for both groups. Moreover, the rela-
tive risk (quotient of the incidence rates) is a very important statistical param-
eter which can be calculated in cohort studies. Patient population studies from
large databases are very popular, and recently the relative risk of death in pa-
tients with central vein catheters versus arteriovenous fistulas (AVFs) and arte-
riovenous grafts (AVGs) or the risk of death in hemodialysis versus peritoneal
dialysis patients, has been investigated in several studies [11-13].

Health Services Research

Health services research (HSR) is concerned with how health care is provided
and covers research into the organization of health care provision and patient
safety.

HSR is a relatively new multidisciplinary scientific field with a focus on the
social science perspectives investigating how to organize, manage, finance and
deliver high-quality care. HSR is particularly important to ensure that advanc-
es in clinical care reach patients in reality. Research in this area can give an an-
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swer which safety strategies are successful in preventing adverse events and er-
rors. In the field of dialysis access, HSR has to be pushed further. The Interna-
tional Association of Risk Management in Medicine (www.ilarmm.org) is an
organization that makes an effort to discuss the results of HSR during their
annual meetings.

Pooling of Studies

Following a systematic review, data from individual studies may be pooled
quantitatively and reanalyzed using established statistical methods. This tech-
nique is called meta-analysis. The rationale for a meta-analysis is that, by com-
bining the samples of the individual studies, the overall sample size is increased,
thereby improving the statistical power of the analysis as well as the precision of
the estimates of treatment effects.

Meta-analysis is a two-stage process. The first stage involves the calculation
of a measure of treatment effect with its 95% confidence intervals (CI) for each
individual study. The summary statistics that are usually used to measure treat-
ment effect include odds ratios (OR), relative risks, and risk differences. In the
second stage of meta-analysis, an overall treatment effect is calculated as a
weighted average of the individual summary statistics. Greater weights are giv-
en to the results from studies that provide more information, because they are
likely to be closer to the ‘true effect’ we are trying to estimate. The odds for a
group are defined as the number of patients in the group who achieve the stat-
ed end point divided by the number of patients who do not. An OR or relative
risk greater than 1 indicates increased likelihood of the stated outcome being
achieved in the treatment group. If the OR or relative risk is less than 1, there is
a decreased likelihood in the treatment group. A ratio of 1 indicates no differ-
ence - that is, the outcome is just as likely to occur in the treatment group as it
is in the control group. As in all estimates of treatment effect, ORs or relative
risks reported in meta-analysis should be accompanied by CIs. Risk, as opposed
to odds, is calculated as the number of patients in the group who achieve the
stated end point divided by the total number of patients in the group. Recently,
a systematic search of the literature was used to identify RCT's evaluating the
effect of antiplatelet agents in AVG and AVF [14]. Ten trials were included in
the analysis, 9 of which reported outcomes on AVG and AVF thrombosis. An-
tiplatelet agents reduced the rate of AVF thrombosis (OR 0.54, 95% CI 0.31-
0.94; fig. 1) but not grafts (OR 0.50, 95% CI 0.16-1.53). Both analyses had a
moderate degree of statistical heterogeneity, likely because of differences in
study design, antiplatelet agent and dose, as well as other possible factors.
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Fig. 1. Meta-analysis of RCTs on the effect of anticoagulants on the thrombosis rate of
AVFs. The pooled OR is <1, meaning a favorable effect of the drug on AVF thrombosis [6].

Publications

After submission of a paper, the editors of a journal will start the review process
in order to critically investigate the paper and to improve its quality. For publi-
cation about hemodialysis vascular access, one can publish in different papers
depending on the research question of the paper and the methodological qual-
ity. Table 2 summarizes the impact factor of journals in which peer-reviewed
papers can be found dealing with dialysis accesses [15]. The table further shows
clearly a lack in RCT's in the domain of vascular access and that more well-de-
signed studies are mandatory to improve patient safety in regard of treatment
strategies.

Research Domains in Dialysis Access

Patient safety depends directly on research. As described above, different meth-
ods are known in the field of dialysis access. Figure 2 gives an overview of re-
search activities in basics, clinics epidemiology and health services.

In basic research today, the evaluation to find local agents (drugs, genes, cells,
chemicals and devices) to inhibit myointimal hyperplasia in the process of vessel
remodeling after vascular access surgery is still under investigation. A direct
connection of artery and vein without a capillary bed, results in instantaneous
large hemodynamic changes in terms of high blood flows and shear stress on the
vessel wall with usually accelerated development of myointimal proliferation.
Therefore, research of computational fluid dynamics to study and understand
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Fig. 2. Research domains in dialysis access with some examples of topics. MIH = Myointi-
mal hyperplasia; RRT = renal replacement therapy.

Table 2. Journals publishing regularly about vascular access with an update of the impact

factor for 2012 [15]

Abbreviated journal title Specialty Number Number Journal’s
of articles of RCTs  impact factor
(in 2010) (in2010) (in2012)
JAm Soc Nephrol nephrology 69 9 8.98
Kidney Int nephrology 123 11 7.916
Am J Kidney Dis nephrology 161 5 5.294
Clin JAm Soc Nephrol nephrology 23 1 5.068
Nephrol Dial Transplant nephrology 260 3 3.371
Semin Dial nephrology 172 0 2.247
ASAIO nephrology 55 1 1.491
Radiology radiology 52 4 6.339
JVasc Interv Radiol radiology 206 9 2.002
Cardiovasc Intervent Radiol radiology 61 2 2.138
AJR radiology 40 0 2.90
JVasc Surg surgery 145 9 2.879
Eur J Vasc Endovasc Surg surgery 54 1 2.820
Ann Vasc Surg surgery 69 1 0.985
JVasc Access surgery 218 2 0.97
Vasc Endovasc Surg surgery 39 0 0.880
Total 1,747 57
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this problem is important [16]. The development of a tissue-engineered vein
conduit is another hot topic of research [17].

In clinical studies, a lot of underpowered and often not randomized trials were
published to show the benefit of a new device/product. Vessel modeling by means
of computational simulation may have the potential to improve outcome of AVF
creation and to determine strategies for intervention in complicated access, and
larger patient studies are underway [16]. Phase 1 studies on the effect and dose of
drug administration (in particular sirolimus or paclitaxel and drug-eluting stents)
in animals showed favorable results in terms of lower incidence of myointimal pro-
liferation coupled to less vessel wall thickening and intimal/media area. Although
in most animal studies, favorable effects of systemic drug administration or local
drug-eluting balloons, AVGs, stents (usually coated by sirolimus or paclitaxel) in
vascular access constructions were seen, in humans most of these positive out-
comes could not been mimicked [18, 19]. The American Dialysis Access Consor-
tium has recently performed a number of studies on the effect of drug administra-
tion in HD patients. Some of these studies showed favorable effects on vascular
access outcome and patient health in terms of less cardiovascular events [20, 21].

In epidemiology, it will be very important in the future to have an overview
how the still growing diabetic population and the avalanche of patients with obe-
sity will influence the practice in renal replacement therapy and the outcome of
dialysis access procedures. Another hot and permanent topic is the use of central
venous lines and the monitoring and control of infections in patients with ESRD
[13]. The last topic is also addressed in the field of health service research in ad-
dition to the discussion about the implementation of vascular access centers
and/or a vascular access coordinator.

Conclusions

Patient safety research needs further progress especially related to dialysis access
patients. In the implementation of the results, staft and patient education is key.
With regard to clinical research questions, more RCT's are mandatory, and there-
fore multicenter studies are important, and international collaboration like the
Kidney Health Initiative (www.asn-online.org/khi) should be established [22].

Acknowledgement

We thank David Schwappach, Swiss Patient Safety Foundation, for his critical review of
the manuscript.

Patient Safety in Dialysis Access: Education and Research 261

Widmer MK, Malik J (eds): Patient Safety in Dialysis Access.
Contrib Nephrol. Basel, Karger, 2015, vol 184, pp 251-263 (DOI: 10.1159/000366465)



Disclosure Statement

The authors have no conflicts of interest to declare.

References

10

Shekelle PG, Pronovost PJ, Wachter RM,
Taylor SL, Dy SM, Foy R, et al: Advancing
the science of patient safety. Ann Intern Med
2011;154:693-696.

Shekelle PG, Pronovost PJ, Wachter RM,
McDonald KM, Schoelles K, Dy SM, et al:
The top patient safety strategies that can be
encouraged for adoption now. Ann Intern
Med 2013;158:365-368.

Konner K, Hulbert-Shearon TE, Roys EC,
Port FK: Tailoring the initial vascular access
for dialysis patients. Kidney Int 2002;62:329-
338.

van Loon M, van der Mark W, Beukers N, de
Bruin C, Blankestijn PJ, Huisman RM, et al:
Implementation of a vascular access quality
programme improves vascular access care.
Nephrol Dial Transplant 2007;22:1628-1632.
World Medical Association Declaration of
Helsinki. www.wma.net/en/30publications/
10policies/b3/ (accessed July 12, 2014).
Moher D, Altman DG, Liberati A, Tetzlaff J:
PRISMA statement. Epidemiology 2011;22:
128; author reply.

Ebrahim S, Clarke M: STROBE: new stan-
dards for reporting observational epidemiol-
ogy, a chance to improve. Int ] Epidemiol
2007;36:946-948.

Development and validation of an interna-
tional appraisal instrument for assessing the
quality of clinical practice guidelines: the
AGREE project. Qual Saf Health Care 2003;
12:18-23.

Lameire N, Van Biesen W: Clinical practice
guidelines: an important tool in improving
dialysis quality; in Ronco C, Rosner MH,
Crepaldi C (eds): Peritoneal Dialysis — State-
of-the-Art 2012. Contrib Nephrol. Basel,
Karger, 2012, vol 178, pp 58-67.

Sidawy AN, Gray R, Besarab A, Henry M,
Ascher E, Silva M Jr, et al: Recommended
standards for reports dealing with arteriove-
nous hemodialysis accesses. ] Vasc Surg 2002;
35:603-610.

262

11

12

13

14

15

16

17

18

Perl J, Wald R, McFarlane P, Bargman JM,
Vonesh E, Na Y, et al: Hemodialysis vascular
access modifies the association between di-
alysis modality and survival. ] Am Soc
Nephrol 2011;22:1113-1121.

Ocak G, Halbesma N, le Cessie S, Hoogeveen
EK, van Dijk S, Kooman J, et al: Haemodialy-
sis catheters increase mortality as compared
to arteriovenous accesses especially in elderly
patients. Nephrol Dial Transplant 2011;26:
2611-2617.

Ravani P, Palmer SC, Oliver MJ, Quinn RR,
MacRae JM, Tai DJ, et al: Associations be-
tween hemodialysis access type and clinical
outcomes: a systematic review. ] Am Soc
Nephrol 2013;24:465-473.

Coleman CI, Tuttle LA, Teevan C, Baker WL,
White CM, Reinhart KM: Antiplatelet agents
for the prevention of arteriovenous fistula
and graft thrombosis: a meta analysis. Int ]
Clin Pract 2010;64:1239-1244.

Kian K, Asif A: Status of research in vascular
access for dialysis. Nephrol Dial Transplant
2010525:3682-3686.

Caroli A, Manini S, Antiga L, Passera K, Ene-
Tordache B, Rota S, et al: Validation of a pa-
tient-specific hemodynamic computational
model for surgical planning of vascular access
in hemodialysis patients. Kidney Int 2013;84:
1237-1245.

McAllister TN, Maruszewski M, Garrido SA,
Wystrychowski W, Dusserre N, Marini A, et
al: Effectiveness of haemodialysis access with
an autologous tissue-engineered vascular
graft: a multicentre cohort study. Lancet
2009;373:1440-1446.

Baek I, Bai CZ, Hwang J, Park J, Park JS, Kim
DJ: Suppression of neointimal hyperplasia by
sirolimus-eluting expanded polytetrafluoro-
ethylene (ePTFE) haemodialysis grafts in
comparison with paclitaxel-coated grafts.
Nephrol Dial Transplant 2012;27:1997-2004.

Tordoir - Widmer

Widmer MK, Malik J (eds): Patient Safety in Dialysis Access.
Contrib Nephrol. Basel, Karger, 2015, vol 184, pp 251-263 (DOI: 10.1159/000366465)



19

20

Paulson WD, Kipshidze N, Kipiani K, Berid-
ze N, DeVita MV, Shenoy S, et al: Safety and
efficacy of local periadventitial delivery of
sirolimus for improving hemodialysis graft
patency: first human experience with a siroli-
mus-eluting collagen membrane (Coll-R).
Nephrol Dial Transplant 2012;27:1219-1224.
Dixon BS, Beck GJ, Vazquez MA, Greenberg
A, Delmez JA, Allon M, et al: Effect of dipyri-
damole plus aspirin on hemodialysis graft
patency. N Engl ] Med 2009;360:2191-2201.

Jan H.M. Tordoir, MD
Department of Surgery, Maastricht University Medical Center
P. Debijelaan 2

NL-6202 AZ Maastricht (The Netherlands)
E-Mail j.tordoir@mumc.nl

Patient Safety in Dialysis Access: Education and Research

Widmer MK, Malik J (eds): Patient Safety in Dialysis Access.

21

22

Lok CE, Moist L, Hemmelgarn BR, Tonelli
M, Vazquez MA, Dorval M, et al: Effect of
fish oil supplementation on graft patency and
cardiovascular events among patients with
new synthetic arteriovenous hemodialysis
grafts: a randomized controlled trial. JAMA
2012;307:1809-1816.

Archdeacon P, Shaffer RN, Winkelmayer
WG, Falk RJ, Roy-Chaudhury P: Fostering
innovation, advancing patient safety: the kid-
ney health initiative. Clin ] Am Soc Nephrol
2013;8:1609-1617.

263

Contrib Nephrol. Basel, Karger, 2015, vol 184, pp 251-263 (DOI: 10.1159/000366465)



Author Index

Argyriou C. 153 Palacin P. 164
Paparella M. 24
Bohm LB. 59 Pichot O. 164
Pirvu A. 164
Danin S. 234 Polakovi¢ V. 189
Davidson I. 87,97, 176
De Lambert A. 164 Rizzo M.A. 24
Ross]. 97
Eberle B. 107 Roy-Chaudhury P. 136
Gallieni M. 24 Saint L. 143
Georgiadis G. 153 Schmidli J. 87
Glazer S. 143 Schweiger A. 205
Goldin I. 234 Schwappach D. 1
Seidl C. 107
Heverhagen J.T. 59 Sessa C. 164
Shemesh D. 234
Kara L. 59 Shenoy S. 143
Khanicheh E. 59 Slakey D.P. 97,176
Klink T. 59
Kudlicka J. 75 Tesar V. 75
Tordoir J.H.M. 251
Lazarides M. 153 Trevino S. 205
Linhart A. 75
Lopot E. 189 van Loon M. 222
Verma A. 136
Malik J. IX, 75 Vincent C. VII
Malovrh M. 13 Vogt B. 51
Marschall . 205 von Tengg-Kobligk H. 59

Martina V. 24
Widmer L.W. 87

Nolen B. 97 Widmer M.K. IX, 87,97, 123, 251
Wyss T.R. 87,123

Olsha O. 234



Subject Index

Access flow, measurement 82-84
Adverse event
definition 2
end-stage renal disease patient
susceptibility 2
preventable 3
Alteplase, safety 31
American Society of Anesthesiologists
physical status classification 108, 109
Anemia, management in chronic kidney
disease 17
Anesthesia
anesthetic safety 34, 35
intraoperative precautions 115-118,
126, 127
operating room environment 118
postoperative care 118-120
preoperative evaluation and planning
108-112
preoperative safety precautions 112-
115
recommendations for patient safety
107, 108
Angiography, color Doppler ultrasound
comparison 148
Antibiotic-lock therapy (ALT), safety 29,
30
Antimicrobial lock solution (ALS),

bloodstream infection prevention 215

Apixaban, safety 111
Arteriovenous fistula (AVF)
access flow measurement 82-84
aneurysm 157-159

cardiac safety in access
maintenance 81, 82
cardiological examination prior to
surgery 81
care
cannulation technique 228-230
data collection and management
232
maturation assessment 224-226
multidisciplinary approach 231
needle selection 226-228
overview 223,224
patient safety recommendations
222,223
vascular access coordinator 223,
231,232
hand ischemia, see Hand ischemia
hemodynamic consequences
heart failure 78,79
intracranial hypertension 80, 81
pulmonary hypertension 79, 80
infection 159, 161, 162,219
patency, see Vascular access patency
patient safety issues 138, 139
stenosis 150, 154-157
surgery, see Vascular access surgery
thrombosis 150, 151, 154, 157
vein evaluation for construction
18-22

Arteriovenous graft (AVG)

aneurysm 157-159
cardiac safety in access maintenance
81, 82



care
cannulation technique 228-230
data collection and management
232
maturation assessment 224-226
multidisciplinary approach 231
needle selection 226-228
overview 223,224
patient safety recommendations
222,223
vascular access coordinator 223,
231, 232
hand ischemia, see Hand ischemia
individualization of care 139
patency, see Vascular access patency
patient safety issues 139
stenosis 150, 154-157
surgery, see Vascular access surgery
thrombosis 150, 151, 154, 157
Aspirin, safety 36, 111
Atracurium, safety 116
Atrial fibrillation (AF), anticoagulants
35,36

Bloodstream infection, see Hemodialysis
Bupivacaine, safety 34, 115
Buprenorphine, safety 34

Central line bloodstream infection, see
Hemodialysis
Central venous catheter, see
Hemodialysis; Tunneled central
venous catheter
Chronic kidney disease (CKD)
drug dosing 41-43
evaluation of patients 14, 15
medical management 15-17
nephrologist referral 14
renal replacement therapy need
evaluation and vein preservation
17,18
stages 14, 15
Cisatracurium, safety 116
CKD-EPI equation 27
Clopidogrel, safety 36-38, 111
Clotting, hemodialysis circuit 7
Cockceroft and Gault equation 27

266

Color Doppler ultrasound (CDUS),
vascular access monitoring 147, 148
Contrast media (CM)
gadolinium and nephrogenic systemic
fibrosis 56, 57
iodinated contrast media
acute kidney injury 61
adverse reactions 60, 61, 64
hypersensitivity 62-64
impaired renal function patients
55,56
minimization of use 64, 65
osmolality 52-55, 60
overview 52
recommendations 51, 60

Desflurane, safety 35, 116
Doppler vein signal (DVS) 21
DRIL technique, hand ischemia
management 168, 169
Drug safety
analgesics 31-34
anesthetics 34, 35
anticoagulants and platelet inhibitors
35-39
antimicrobial drugs 28, 29
catheter lock 29-31
dosing in chronic kidney disease
41-43
drug-drug interactions
overview 39
pharmacodynamic interactions 39,
40
pharmacokinetic interactions 40,
41
kidney function assessment
eGFR equations 26, 27
overview 25,26
problematic drugs 43-45
recommendations for improvement
24,25
therapeutic drug level measurements
43
thrombolytics 31
Dyslipidemia, management in chronic
kidney disease 16

Subject Index



Enflurane, safety 35

Erythropoietin (EPO), anemia
management 17

Ethanol, lock safety 30

Fentanyl, safety 33
Fish oil, safety 38

Gadolinium, nephrogenic systemic
fibrosis 56, 57, 70, 71

Glomerular filtration rate (GFR), eGFR
equations for drug safety 26,27

Hand ischemia
clinical presentation and diagnosis
165
recommendations for prevention 164,
165
treatment
elbow
banding techniques 170
DRIL technique 168, 169
PAVA technique 171, 172
RUDI technique 171
selection of technique 172,173
goals 166
vascular access ligation 173, 174
wrist 166-168
vascular access creation considerations
in prevention 131, 132
Health services research (HSR) 257, 258
Heart failure
arteriovenous fistula 78,79
end-stage renal disease patients 76, 77
Hemodialysis (HD)
anticoagulation lock 199, 200
blood line disconnection from port
199
bloodstream infection
frequency 206
management 217-219
prevention
antimicrobial lock solutions
215
bundles 215
coated catheters 212
dressing changes 212

Subject Index

facility-level prevention 215-217
hand hygiene 211
hub disinfection 214
insertion site 211
overview 207-210
patient education 211
postinsertion 213-215
preinsertion 207, 211
skin antisepsis 212, 213
staff education 207
topical ointments 214
catheter care 198
catheter status and function
monitoring 200-202
catheter types and selection 190-192
central venous catheter placement
informed consent 194
insertion 194, 195
postinsertion care 195, 196
preinsertion examination 192-194
vein choice 192
complications
acute 196-198
chronic 202
patient safety reccommendations 189,
190, 203
stages in access management 238-240
Heparin, safety 36, 37, 111
Hyperphosphatemia, management in
chronic kidney disease 16,17
Hypertension, management in chronic
kidney disease 15, 16

Iloprost, safety 111
Intima media thickness (IMT),
arteriovenous fistula failure 21
Ionizing radiation
alternative imaging techniques 70, 71
dose optimization 66, 67
health care personnel protection
67-70
Isoflurane, safety 35,116

Lidocaine, safety 113-115

Medical error
classification 3, 4

267



costs 5
definition 2
Mepivacaine, safety 115
Metabolic acidosis, management in
chronic kidney disease 16
Metabolic equivalent (MET), grading 109
Methoxyflurane, safety 35
Miller technique 170
Modification of diet in renal disease
(MDRD), equation 27
Morphine, safety 116

Needle infiltration, prevalence 7

Nephrogenic systemic fibrosis (NSF),
gadolinium induction 56, 57, 70, 71

Nerve block, safety 116, 117

Nonsteroidal anti-inflammatory drugs
(NSAIDs), safety 32

Pain, management and drug safety
31-34
Paracetamol, safety 33, 34
Patency, see Vascular access patency
Patient preferences, vascular access 139-
141
Patient safety, see also Drug safety;
Peritoneal dialysis; Vascular access
surgery
contrast media
gadolinium and nephrogenic
systemic fibrosis 56, 57, 70, 71
iodinated contrast media
acute kidney injury 61
adverse reactions 60, 61, 64
hypersensitivity 62-64
impaired renal function patients
55,56
minimization of use 64, 65
osmolality 52-55, 60
overview 52
recommendations 51, 60
definition 2
education posters 8
end-stage renal disease patients
adverse event susceptibility 2
safety threats for hemodialysis
patients 6-9

268

health care as risk 4-6
ionizing radiation
alternative imaging techniques 70,
71
dose optimization 66, 67
health care personnel protection
67-70
medical error classification 3, 4
patient-centered process 253
patient role
access function maintenance 244
assessment clinic 243
decision to operate 243
dialysis unit 246-248
fistula maturation 244
fistula planning 244
hospital discharge 244
hospitalization period 243
kidney transplantation 244
overview 235,236, 241, 242
postoperative period 243
predialysis period 240
preoperative planning 240, 242
recommendations for improvement
1,9-11, 13, 75, 234, 235, 251, 252
research
basic research 255
clinical studies 255-257
domains in dialysis access 259-
261
epidemiological studies 257
good clinical practice 254
health services research 257, 258
meta-analysis 258
publications 259
research unit building 255
topics 252,253
safety-related behaviors 237, 238
staff education 254
PAVA technique, hand ischemia
management 171, 172
Peritoneal dialysis (PD)
benefits 177
complications and management 183,
184
costs 177
patient safety

Subject Index



catheter placement
laparoscopic technique 183
open techniques 182, 183
operative techniques 180-182
percutaneous technique 182
catheter selection 179-181
communication and human factors
184-186
multidisciplinary care 184, 185
preoperative evaluation 179
recommendations 176
Prilocaine, safety 114
Propofol, safety 35
Proteinuria, management in chronic
kidney disease 16
Pulmonary hypertension
arteriovenous fistula 79, 80
end-stage renal disease patients 77

Reactive hyperemia (RH) 21, 22

Rivaroxaban, safety 36, 111

Rocuronium, safety 116

Root cause analysis (RCA) 100, 101

Ropivacaine, safety 114, 115

RUDI technique, hand ischemia
management 171

Safety, see Drug safety; Patient safety

Scr assays 27

Simulation training, see Vascular access
surgery

Sodium citrate, lock safety 30

Steal syndrome, see Hand ischemia

Team time-out process 112,113
Team training, see Vascular access surgery
Thiopental, safety 35
Training, see Vascular access surgery
Tramadol, safety 33, 34
Tunneled central venous catheter (tCVC)
patient safety issues 138
placement, see Hemodialysis
removal 139

Urokinase, safety 31

Vancomycin, safety 28,29

Subject Index

Vascular access coordinator (VAC) 223,
231,232
Vascular access patency
dysfunction
evaluation 148
needle access site complications
148, 149
stenosis 150
thrombosis 150, 151
monitoring and surveillance of access
145-148
planning and placement of access 144,
145
recommendations to improve patient
safety 143, 144
Vascular access surgery
anesthesia, see Anesthesia
cardiological examination prior to
surgery 81
operating room safety issues 103-105
patient preferences 139-141
patient safety in access creation
antibiotic therapy 127
arteriovenous fistula creation 128-

130

arteriovenous graft creation 130,
131

hand ischemia prevention 131,
132

intraoperative quality control 130
postoperative management 132-
134
preoperative decision making 124-
126
recommendations 123
surgical safety checklist 127
technical aspects 127, 128
repair 158, 159
simulation training
advantages and benefits 88, 90
cadavers 94
cannulation 92
catheter placement 91, 92
dimensions of simulation 89
duplex ultrasound 91
percutaneous interventions 92
prospects 95

269



Vascular access surgery practical implications 102

simulation training (continued) recommendations 97, 98
pulsatile arm model 93 team building 102
simulator types 89 Vein
transfer to real operation 94 arteriovenous fistula patient

team training evaluation 18-22
airline example 98, 99 distensibility 20-22
components 99, 100 preservation 17, 18

effective leadership 103
error chain and root cause analysis ~ Warfarin, safety 35, 36, 38, 111
100, 101 Wrong site surgery, prevalence 6,7

270 Subject Index



181

182

183

184

Contributions to Nephrology
Editor: C.Ronco
ISSN 0302-5144

New Insights into Glomerulonephritis
Editor: N. Chen, Shanghai
X + 256 p. 28 fig., 13 in color, 24 tab., hard cover, 2013. ISBN 978-3-318-02389-3

ADQI Consensus on AKI Biomarkers and Cardiorenal Syndromes
Editors: P.A. McCullough, Novi, Mich.; J.A. Kellum, Pittsburgh, Pa.;

R.L. Mehta, San Diego, Calif.; PT. Murray, Dublin; C. Ronco, Vicenza

Xl + 204 p., 39 fig., 5 in color, 21 tab., hard cover, 2013. ISBN 978-3-318-02406-7

Podocytopathy
Editors: Z.-H. Liu, Nanjing; J.C. He, New York, N.Y.
VIIl + 264 p., 31 fig., 29 in color, 10 tab., hard cover, 2014. ISBN 978-3-318-02650-4

Patient Safety in Dialysis Access

Editors: M.K. Widmer, Bern; J. Malik, Prague
X + 270 p., 58 fig., 48 in color, 35 tab., hard cover, 2015. ISBN 978-3-318-02705-1

Not only are dialysis access creation and maintenance prone to complications, but
patients suffering from end-stage renal disease and its comorbidities generally have
a high risk of adverse events during their continuous treatment. Preventive strate-
gies are key to avoid harm and to improve the outcome of the treatment of the grow-
ing number of patients with chronic kidney failure, especially as doctors and nurses
are not always aware of the consequences of unsafe behavior.

This publication is intended for health care professionals — nurses as well as doc-
tors — and aims to raise the awareness of patient safety aspects, combining medical
education with evidence-based medicine. After a general overview of the topic, an
international panel of authors provides a diversified insight into important concepts
and technical tricks essential to create and maintain a functional dialysis access.
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