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The National Kidney Foundation’s Kidney Disease Outcomes Quality Initiative (KDOQI) has provided eviden
based guidelines for hemodialysis vascular access since 1996. Since the last update in 2006, there has bee
great accumulation of new evidence and sophistication in the guidelines process. The 2019 update to the KDO
Clinical Practice Guideline for Vascular Access is a comprehensive document intended to assist multidiscipli
practitioners care for chronic kidney disease patients and their vascular access. New topics include the end-s
kidney disease“Life-Plan” and related concepts, guidance on vascular access choice, new targets for arterioveno
access (� stulas and grafts) and central venous catheters, management of speci� c complications, and renewed
approaches to some older topics. Appraisal of the quality of the evidence was independently conducted by usi
Grading of Recommendations Assessment, Development, and Evaluation (GRADE) approach, and interpret
and application followed the GRADE Evidence to Decision frameworks. As applicable, each guideline stateme
accompanied by rationale/background information, a detailed justi� cation, monitoring and evaluation guidance
implementation considerations, special discussions, and recommendations for future research.

In citing this document, the following format should be used: Lok CE, Huber TS, Lee T, et al; KDOQI Vascu
Access Guideline Work Group. KDOQI clinical practice guideline for vascular access: 2019 update.Am J
Kidney Dis. 2020;75(4)(suppl 2):S1-S164.
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SECTION I: USE OF THE CLINICAL PRACTICE GUIDELINE

This Clinical Practice Guideline document is based on the best information available as of October 2016. It is
provide information and assist decision making. It is not intended to deÞne a standard of care and shou
construed as one, nor should it be interpreted as prescribing an exclusive course of management. Variation
will inevitably and appropriately occur when clinicians take into account the needs of individual patients,
resources, and limitations unique to an institution or type of practice. Every health care professional making u
recommendations is responsible for evaluating the appropriateness of applying them in the setting of any
clinical situation. The recommendations for research contained in this document are general and do not imply
protocol.

SECTION II: DISCLOSURE

All reported information is provided in the ÒBiographical and DisclosureÓ section of this journal supplemen
Þle at the National Kidney Foundation (NKF).
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Abbreviations and Acronyms
2D 2-dimensional
ACPP Access circuit primary patency
AJKD Vol 75 | Iss 4 | Suppl 2 | Ap
AEC
 Allogenic endothelial cells

AKI
 Acute kidney injury

AV
 Arteriovenous
ft
AV access
 Arteriovenous access: Refers to both a hemodialysis arteriovenous Þstula and arteriovenous gra

AVF
 Arteriovenous Þstula

AVG
 Arteriovenous graft

BAM
 Balloon-assisted maturation

BMI
 Body mass index

CDC
 Centers for Disease Control and Prevention

CFD
 Computational ßuid dynamics

CFU
 Colony-forming unit

CI
 ConÞdence interval

CKD
 Chronic kidney disease

CRBSI
 Catheter-related bloodstream infection

CRI
 Catheter-related infection

CT
 Computed tomography
, cuffed
CVC
 Central venous catheter; in the guidelines will refer to hemodialysis catheter, and assume tunneled
central venous catheter unless otherwise stated
CVS
 Central vein stenosis

DVP
 Dynamic venous pressure

eGFR
 Estimated glomerular Þltration rate

FDA
 US Food and Drug Administration

GFR
 Glomerular Þltration rate

HD
 Hemodialysis

HR
 Hazard ratio

IDSA
 Infectious Diseases Society of America

IJ
 Internal jugular vein

INR
 International normalized ratio

JAS
 Juxta-anastomotic stenosis

KDOQI
 Kidney Disease Outcomes Quality Initiative

KRT
 Kidney replacement therapy

MRI
 Magnetic resonance imaging

NKF
 National Kidney Foundation

NS
 Not signiÞcant

NT-CVC
 Nontunneled, noncuffed central venous catheter

OR
 Odds ratio

PCB
 Paclitaxel drug-coated balloon

PD
 Peritoneal dialysis

PET
 Positron emission tomography

PICC
 Peripherally inserted central catheter

PTA
 Percutaneous balloon angioplasty

PTFE
 Polytetraßuoroethylene

Qa
 Access blood ßow

Qa/CO
 The ratio of access blood ßow (mL/min) to cardiac output (mL/min)

Qb
 Blood pump ßow delivered to the dialyzer

QOL
 Quality of life

RCT
 Randomized controlled trial

RR
 Relative risk

SVC
 Superior vena cava

SVP
 Static venous pressure

TAPP
 Treatment area primary patency

TMP-SMX
 Trimethhoprim/sulfamethoxazole or cotrimoxazole

TPA
 Tissue plasminogen activator

UDM
 Ultrasound dilution method

URR
 Urea reduction ratio

USRDS
 United States Renal Data System

VA
 Vascular access

VAC
 Vascular access coordinator

VAT
 Vascular access team
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Acronecrosis:Gangrene occurring in the distal part of the extremities, usually the Þngertips and toes.

Anastomosis:A communication between an artery and a vein by surgical or endovascular techniques.

Aneurysm:An abnormal dilation of the blood vessel or part of the vessel wall; in the case of vascular access, it may result f
or trauma of the vessel wall.

Antibiotic lock: Interdialytic instillation and dwelling (ÒlockingÓ) of an antibiotic containing solution into the lumen of a
catheter.

Antimicrobial: Any agent capable of destroying or inhibiting the growth of microorganisms.

Antimicrobial lock: Interdialytic instillation and dwelling (ÒlockingÓ) of an antimicrobial solution into the lumen of a d
catheter.

Antiseptic: Any agent capable of preventing infection by inhibiting the growth of microorganisms.

AV (arteriovenous) access abandonment:When a vascular access can no longer be used for prescribed 1 or 2 needle dialysis
is unable to provide adequate ßows and/or is deemed unsafe for the patient, and the associated problem cannot be corr
intervention, including medical, surgical, or radiologic interventions or rest.1 A checklist can be used to conÞrm abandonment as fo
annulation

loped by
el track allows
lation time.
gic material

terial such as
AV access creation:The connection of an artery and vein for the purposes of establishing hemodialysis access.

Cannulation:The insertion of cannulate (a needle with a lumen) or angiocaths into a vascular vessel. The main forms of c
are as follows:

� Buttonhole technique cannulation:The cannulation into the exact same puncture site and needle track tunnel deve
repeated cannulation at the same location, angle, and depth between the skin and access vein. The scar tissue tunn
the needle to pass through to the outßow vein or conduit of the AV access following the same path with each cannu
Typically used in autogenous arteriovenous Þstula and may be acceptable in grafts made of nonautogenous biolo
such as bovine. This type of cannulation should not be used for accessing arteriovenous graft made of synthetic ma
polytetraßuoroethylene (PTFE).
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� Constant-site technique cannulation:Another term forbuttonhole cannulation.This should NOT be confused withgeneral a
cannulation.General area cannulation is neither rope ladder nor buttonhole cannulation, whereby new arterial and ven
insertions are chronically inserted within close proximity (eg, millimeters) of prior insertions each time, that is, alwa
same general areas. This poor technique leads to AV access aneurysms and damage and should be avoided.

� Rope-ladder (also known as step-ladder) cannulation:The cannulation needle sites for both arterial and venous need
rotated along the length of the AV access each dialysis to reduce vessel damage.

Catheter:A device providing access to the central veins or right atrium, permitting high-volume ßow rates.

Clinically signiÞcant lesion:One that contributes to clinical signs and symptoms (see AV Access MonitoringTable 13.2) without
other cause, with or withouta sustained change in surveillance measurements (eg, change in blood ßow [Qa] or venous pre
the dialysis access circuit. Such a lesion is found during monitoring of vascular access (surveillance Þndings are supple
shows>50% narrowing relative to adjacent normal vein diameter by angiography or ultrasound.

Clinical monitoring: Monitoring refers to the examination and evaluation of the access by means of physical examination o
detect clinical signs that suggest the presence of AV access ßow dysfunction, other dysfunction, or pathology. These abn
signs may include arm swelling, changes in the access bruit or thrill, or prolonged bleeding after dialysis (Tables 13.1and13.2). The
patientÕs physical examination can be supplemented with concurrent dialysis measures such as those indicating recirc
needle placement is correctly spaced and placed) or other measures of reduced dialysis adequacy (eg, urea reduction rat
the absence of other contributing factors.

Complications:

� Thrombotic ßow–related complications or dysfunction:Complications speciÞcally related to the risk of or occurren
thrombosis that leads to a clinically important reduction in intra-access ßow that threatens the required access paten
prescribed dialysis and/or results in clinical signs and symptoms (eg, stenosis or thrombosis).

� Non–thrombotic ßow–related complications or dysfunction:Such complications may or may not threaten ßow or pat
but are associated with clinical signs and symptoms, eg, AV access aneurysms, steal syndrome.

� Infectious complications or dysfunction:Any infection involving the vascular access (intraluminal/access, extralu
access, peri-access, ie, cannulation or entry site) that results in clinically important infectious signs and symptoms

Contingency plan:The plan of remedial measures for the anticipated problems the chosen vascular access might hav
tingency plan should be considered even before the vascular access is created or inserted.

Cumulative patency:A duration of time measuring intra-access patency that starts from the date of vascular access c
access) or insertion (central venous catheter) to the date of vascular access abandonment.

Diagnostic testing:Specialized testing that is prompted by some abnormality or other medical indication and that is unde
diagnose the cause of the vascular access problem.

Dialysis usability:A dialysis access that can reliably and safely provide prescribed dialysis, per deÞnition of mature Þstu

Distal revascularization and interval ligation:A surgical procedure to reduce ischemia to the hand caused by steal syndr

Dysfunction: AV accessor vascular access dysfunctionhas been replaced by 3 terms:

� Thrombotic ßow–related complications or dysfunction
� Non–thrombotic ßow–related complications or dysfunction
� Infectious complications or dysfunction

Note:Access dysfunctionis a very general term that is not speciÞc in its terminology with regard to etiology of dysfunc
replaced with these three terms (see deÞnition of complications).

ESKD (End-Stage Kidney Disease) Life-Plan:The individualized set of kidney replacement modalities (hemodialysis, per
dialysis, transplantation) required to sustain the life of a patient with ESKD that considers the patientÕs current and antici
and life circumstances and preferences. The Life-Plan should be regularly re-evaluated given expected changes in a
circumstances. See Rationale/Background section ofGuideline 1for further explanation and discussion about its special relevan
dialysis access.

Exit site:The location on the skin through which the catheter exits the skin surface. See alsoinsertion site.

Failure to mature:An AV access that, despite radiologic or surgical intervention (ie, endovascular or open procedural man
cannot be used successfully for dialysis by 6 months after its creation.1

Fistula (plural, Þstulae or Þstulas):Autologous arteriovenous Þstula, also referred to asnative Þstula.
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� Brescia-Cimino (radiocephalic) Þstula:An autologous Þstula constructed between the radial artery and the cephalic ve
wrist.

� Endovascular Þstula (or endoAVF):An autologous Þstula created by endovascular techniques, originally described
tomosis of the proximal ulnar artery and proximal ulnar vein.

� Gracz Þstula:An autologous Þstula constructed between the proximal radial artery and a perforating branch of the c
median cubital vein below the elbow.

� Snuff-box Þstula:An autologous Þstula constructed between a branch of the radial artery and an adjacent vein in the
snuff box of the hand.

Fistula maturation:The process by which a Þstula becomes suitable for providing prescribed dialysis.

� Unassisted Þstula (or unassisted AVF):An arteriovenous Þstula that matures and is usable for dialysis without the n
endovascular or surgical interventions, such as angioplasty. A preplanned vessel superÞcialization is accept
considered an additional intervention.

Flow: The amount of blood ßowing through a system.

� Qa: Intra-access blood ßow

� Qb: Blood pump ßow delivered to the dialyzer

Functional cumulative patency:Duration of time from mature Þstula or graft to AV access abandonment (ie, from the Þrst
AV access is able to provide prescribed dialysis consistently with 2 needles for more than two thirds of dialysis sessio
consecutive weeks to the date of AV access abandonment).

Functional primary patency:The duration of time from mature Þstula or graft to one of the following events (whichever
Þrst): thrombosis or any intervention to facilitate, maintain, or re-establish patency (eg, angioplasty) (ie, from the Þrst da
access is able to provide prescribed dialysis consistently with 2 needles for more than two thirds of the dialysis sessio
consecutive weeks to the date of one of the following events [whichever comes Þrst]: thrombosis or any intervention to
maintain, or re-establish patency [eg, angioplasty]).

Graft: A conduit of synthetic or biological material connecting artery to vein.

� Synthetic:Made of plastic polymers, such as polytetraßuoroethylene (PTFE) or polyurethane.

� Biological: Made of biological materials, such as bovine carotid artery, cryopreserved human femoral veins, b
engineered vessels, etc.

� Tapered:Grafts for which internal diameter varies from the arterial to the venous end.

� Untapered:Grafts with a uniform diameter, usually 6 mm.

InÞltration injury: InÞltration injury is vessel injury related to cannulation or the dialysis procedure and can be categ
follows:

� Minor cannulation injury: An injury that may result in bleeding inÞltration and swelling that may be treated with conse
measures such as ice and rest for 1 to 2 days; cannulation can be reattempted for the next dialysis session. The ac
successfully recannulated with 2 needles in� 7 days.2 Even a minor cannulation injury may require the use of a temp
catheter.

� Major cannulation injury: An injury that results in signiÞcant bleeding inÞltration and swelling that requires recovery>7
days.3

� Severe cannulation injury:An injury that results in signiÞcant bleeding complications that requires one of the following
transfusion, emergency department visit, hospitalization, or endovascular or surgical intervention.

Insertion site:The location at which the catheter enters the vein (eg, ÒThe right internal jugular vein is the preferred insert
See alsoexit site.

Lesion, clinically signiÞcant:One that contributes to clinical signs and symptoms (see AV Access MonitoringTable 13.2) without
other cause, with or withouta sustained change in measurements (eg, change in access ßow [Qa] or venous pressures) in
access circuit. Such a lesion is found during monitoring of vascular access (surveillance Þndings are supplementary).

Magnetic resonance angiography (MRA):A technique to visualize the arterial and venous systems using a radiologic
material, usually gadolinium, as the imaging agent.
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Mature Þstula:A mature Þstula can be deÞned as physiologically mature or functionally mature.3-5 In these guidelines, amature Þst
is one that can provide prescribed dialysis consistently with 2 needles for more than two thirds of dialysis session
consecutive weeks. The criterion of two thirds is used to include studies referenced in these guidelines; however,
emphasized that truly mature AV access should provide reliable prescribed dialysis most times, given expert cannulatio
cannulation or other technical complications.

Mature graft:In these guidelines, a mature graft is one that can provide prescribed dialysis consistently with 2 needles for
two thirds of dialysis sessions within 4 consecutive weeks.1 The criterion of two thirds is used to include studies referenced in
guidelines; however, it must be emphasized that truly mature AV access should provide reliable prescribed dialysis most
expert cannulation and lack of cannulation or other technical complications.

Monitoring: Seeclinical monitoring.

Neointimal hyperplasia:The myoendothelial proliferation of cells and matrix that produces stenosis in AV ac

Operator:An operator can be a surgeon, nephrologist, radiologist, or other properly trained and skilled healthcare provider. A
is the individual who creates, revises, or removes the AV access or inserts, manipulates, or removes the central venous

Operator discretion:When the operator carefully considers both the patientÕs individual circumstances and the oper
clinical experience, skills, and expertise (ie, reasonable capabilities and limitations).

Patency:Seecumulative patency, functional cumulative patency, functional primary patency, primary patency. Secondary patencycan be a confusing term
and has the same deÞnition as Cumulative Patency. KDOQI suggests using the termcumulative patencyto help standardize vascular acc
terminology.

Percutaneous transluminal angioplasty:The endoluminal repair of a lesion, usually with a balloon that can be inßated to pr
up to 30 atmospheres.

Physical examination (of the vascular access):Inspection, palpation, and auscultation of the vascular access.
Primary failure: The termsprimary failure, failure to mature, early failure, late failure, andmature Þstulahave been inconsistently deÞned in
literature.1 These guidelines have attempted to avoid discussion ofprimary failuredue to these inconsistencies; however, when
appear, they are deÞned by the original study from which they are discussed.

Primary patency:A duration of time measuring intra-access patency that starts from the date of vascular access creation
or insertion (central venous catheter) to the date of one of the following events (whichever one comes Þrst): thrombo
intervention to facilitate, maintain, or re-establish patency (eg, angioplasty).

Pseudoaneurysm:A collection of blood outside the vessel (walled off by surrounding tissue), communicating with the Þ
prosthetic graft through a defect (eg, needle hole) in the wall.

Recirculation:The return of dialyzed blood to the systemic circulation without full equilibration.

� Cardiopulmonary recirculation: Resulting from the return of dialyzed blood without full equilibration with all syste
venous return.

� Access recirculation:Resulting from the admixture of dialyzed blood with arterial access blood without equilibration w
systemic arterial circulation. Occurs under conditions in which blood pump ßow is greater than intra-access ßow.

Steal syndrome:Compromised perfusion and ischemia of tissue after construction of an AV access due to diversion of art
ßow into the AV access away from the peripheral system, leading to a range of signs and symptoms, such as mild numbn
motor impairment or skin ulceration to gangrene necessitating major amputation.

Stenosis:A constriction or narrowing of a duct or passage; a stricture.

� Cephalic arch stenosis:A common site for stenosis of the cephalic vein; the location of narrowing occurs in the cephali
it arches over the shoulder in the region of the deltopectoral groove before the vein junction with the axillary vein

Succession plan:The thoughtful planning for the next dialysis access (what it should be, location, appropriate timing of
should be created/inserted, by whom, etc) before the current vascular access is even created. The succession plan
evaluated when there are changes in the patientÕs medical or life circumstances and revisited before the current v
fails. All such considerations take into account the patientÕs ESKD Life-Plan, individual circumstances, and preference

Surveillance:The periodic evaluation of the vascular access by using device-based methods or tests that involve sp
mentation beyond clinical examination and for which an abnormal test result suggests the presence of thrombotic ß–related
complications/dysfunction (deÞned underdysfunction). One example is attempting to detect stenosis by measurement of
blood ßow. Access blood ßow (Qa) can be measured by a number of different techniques including estimation of ßow b
ultrasound, dilution techniques such as ultrasound dilution, differential conductivity, glucose infusion, ionic dialysance, a
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ultraÞltration methods or by magnetic resonance angiography (MRA). Other surveillance methods include static veno
(Dynamic venous pressure is considered monitoring, not surveillance.)

Tissue plasminogen activator (TPA):A natural (endogenous) lytic used to dissolve Þbrin or nonorganized thrombus. rTP
exogenous recombinant form used for vascular access intervention.

Transposition:The movement of a vein from its normal position by elevation and/or by lateral movement to bring the vein c
the skin to permit improved maturation and/or easier cannulation or use for dialysis.

Ultrasound: The use of ultrasonic waves for diagnostic or therapeutic purposes, speciÞcally to image an internal body

� Doppler ultrasound (DU):Ultrasound that uses the Doppler effect to measure movement or ßow in the body, especia
ßow.

� Duplex Doppler ultrasound:Combines Doppler and B-mode (grayscale) imaging to provide quantitative color v
assessment (AV access ßow) as well as anatomic visualization of stenosis/abnormality.

Systolic velocity ratio (SVR):The ratio of velocity in an abnormal vessel relative to a normal vessel.

Urokinase:A natural lytic used to dissolve Þbrin or nonorganized thrombus.

Vascular access coordinator (VAC):An individual knowledgeable in dialysis access who coordinates vascular access c
patient. This is achieved by patient and vascular access assessment, facilitating communication between the vascul
(VAT) members, organizing/managing required vascular access tests, treatments, and required follow-up vascular ac–related
appointments. Often responsible for managing vascular access database and has a role in associated inputs, analy
tion, and outputs. Usually critically involved in quality improvement projects.

Vascular access team (VAT):Patient and group of professionals involved in management of vascular access (includes care
construct, cannulate, monitor, detect problems in, and repair vascular accesses). Caregivers include nephrologist, neph
patient care technician, nurse practitioner, physician assistant, interventionalist, surgeons, and vascular access coordin
S14 AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020



Chronic Kidney Disease Nomenclature Used by KDOQI
Prognosis of Chronic Kidney Disease by Glomerular Filtration Rate and
Albuminuria Categories
increased

DIGO
Green: low risk (if no other markers of kidney disease, no chronic kidney disease [CKD]); Yellow: moderately
risk; Orange: high risk; Red, very high risk.
Figure reproduced from Inker et al6 based on the original image published in the Improving Global Outcomes K
CKD guideline7; original image© 2012 KDIGO and is reproduced with permission of KDIGO.
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revamping of the Vascular Access Guideline update th
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(ESKD) Life-Plan. This individualized and comprehe
map for dialysis modalities and vascular access fo
lifetime of the patient is documented in this guideline
will be supplemented by implementation tools that will
developed by the NKF.
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Rationale
Hemodialysis continues to be the single most prev
modality of kidney replacement therapy in the Uni
States.8 Longevity on dialysis is directly proportional
the quality of dialysis, and that quality in turn depe
on the reliability and integrity of the access to the
tientÕs vascular system. This crucial connection is k
as thehemodialysis vascular access. The ideal hemodialys
vascular access is one that provides reliable, complic
free access to deliver prescribed dialysis and that i
concurrently suitable for a given patientÕs needs. Th
revision of the NKF KDOQI Clinical Practice Guide
for Vascular Access was completed in 2006. Since
improvements in the care of patients with ESKD, cha
in patient demographics, and increasing patient long
have resulted in a renewed interest in vascular a
management. There is a need to readdress some
practices previously considered to be best practice
have evolved as a result of updated data derived
clinical research and changing ESKD care de
patterns.

The 2019 Guideline represents a fresh approac
vascular access care. Although the guideline stateme
grounded in rigorous and sophisticated evaluation
integration of data accumulated over the last severa
cades, the resulting guidance statements reßect the
GroupÕs thoughtful and practical application to su
multidisciplinary care providers in meeting the dial
access needs of individual patients. These guideline
ments emphasize a more patient-focused approach
recommend development of an ESKD Life-Plan, t
each patientÕs needs and preferences into consid
when choosing an access and planning up front for
likely complications and remediations of the current
cess, along with the transition plan to the next ac
Thus, the focus moves away from the prior Fistula
approach and urges providers to think not only about w
access is Þrst, but ÒwhatÕs nextÓ during the plannin
Þrst access. Indeed, the Þrst access may be a pe
dialysis (PD) catheter access, so the ESKD Life-Pl
courages a comprehensive evaluation of the patientÕ
time with ESKD and kidney replacement therapy opt
This will have many beneÞts, including to help pres
vessels needed for successful future AV access creat
use and to avoid unnecessary procedures and com
tions. To summarize, KDOQI has refocused on a P-L
for each patient:PatientLife-Plan Þrst, followed by his o
her correspondingAccessNeeds (Figs 1.1-1.6).

Moreover, we did not update the previous guide
statements number for number but, rather, used the
and existing evidence to reframe our approach to the t
New or more rigorous evidence has reshaped some
recommendations. For example, there is a de-empha
the need for AV access surveillance but a greater em
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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on the need for improved training and application
vascular access monitoring. We address the preparat
and creation of vascular accesses, the care and mana
of each type of vascular access, and the preventio
treatment of complications.

These guideline statements are less prescriptive
geting the Þne details within each of these areas, r
nizing differences in practice patterns but still emphas
the need for high-quality standards. As a result, we pr
only 3 primary targets for use in tracking performan
One target reinforces the idea that each patient h
regularly updated Life-Plan designed with his/her goa
mind to achieve the most suitable dialysis access typ
considers changes in circumstances. Other chosen
for each access type aim to limit the major known c
plications associated with that access type (eg, an infe
rate target for central venous catheters). We chose to
the number of targets to reasonably enable and enco
achievement. Our focus is on supporting the actions
will lead to the ideal vascular access as deÞned earlie
as Òreliable,Ó Òcomplication-free . . . to deliver pres
dialysis,Ó and Òconcurrently suitable for a given pa
needs.Ó

Finally, we recognize the gaps in knowledge and
dence in vascular access care and provide suggesti
future research. We highlight the need for continual
evaluation within each area of care and correspon
section of the guideline, making room for new evide
and innovations in dialysis access and its afÞliated ac
and therapies.

This guideline is the result of 3 years of work, c
sisting of a substantial literature review, months of
dence analysis and discussion, and multidiscipl
integration of the resulting data into practical guidance
chronic kidney disease (CKD) and end-stage kidney d
(ESKD) care providers. We see this guideline as a
bration and evolution of the previous recommendati
We hope that it will be valuable to our colleagues, he
for policy makers, and inßuential in improving the lives
those living with CKD/ESKD.
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Methods
The KDOQI guideline development process began
selection of the topic and reÞnement of the Guide
Scope, followed by a comprehensive literature revie
the available evidence. The Guideline Scope was led
Chair and Vice Chairs of the Guideline Scope Comm
with reÞnement after input from the entire multidis
plinary Work Group. The literature review and evide
analysis for this update were independently carried o
the University of Minnesota Evidence-Based Practice
ter, at the Minneapolis VA Center for Chronic Dis
Outcomes Research. Members of a multidisciplinary W
S17
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Introduction
Group were chosen by the Guideline Chair and Guid
Scope Vice Chairs based on their content and method
expertise and representation of Þelds including nephro
(adult and pediatric), nursing, vascular surgery, interv
tional nephrology, interventional radiology, epidem
ology, and biostatistics. The analysis and qualit
evidence provided by the independent evidence re
team (ERT) was reviewed and discussed by this
Group using a formal GRADE Evidence to Dec
format.9,10 The Work Group, through use of standardi
work sheets, a series of regular conference calls,
correspondence, and 2 in-person meetings, devel
guideline statements and accompanying strength of
ommendations. After statements were agreed u
guideline sections were drafted by individual member
the Work Group. Once all sections were drafted, they
re-reviewed by the entire multidisciplinary team
weekly-monthly teleconferences until consensus was
ieved. If none was achieved, the statement went to a
with majority vote being the resulting statement; th
have been identiÞed in the guideline document.
guideline Chair and 2 editorial committee members
and TL) made editorial revisions to the text for ßow
comprehensiveness.
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Literature Review and Evidence Analysis

Data Sources and Searches
The ERT searched bibliographic databases, incl
MEDLINE and Embase via Ovid, and the Cochrane L
to identify studies published from January 2000 thro
October 2016. Search strategies are availabl
Supplement 1. They supplemented bibliographic datab
searches with citation searching of identiÞed studies

Study Selection
The ERT included trials and prospective observa
studies with parallel groups that compared vascular a
interventions and reported outcomes preselected for
review. Relevant interventions included those relate
different vascular access types. They excluded s
enrolling predominately (<75%) pediatric or acute kidne
injury participants, studies enrolling predominat
(<75%) participants with vascular accesses created
2000, studies not reporting outcomes relevant to t
review, and studies not published in English.

Two investigators independently reviewed titles
abstracts of search results to identify potentially eli
references. Two investigators independently screene
full text of those references to determine if they met
clusion criteria. A third investigator resolv
discrepancies.

Data Extraction and Quality Assessment
One reviewer extracted population and comparison c
acteristics from all eligible studies. Risk of bias was
pendently assessed for each eligible study b
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investigators using methods outlined by the Agency
Healthcare Research and Quality.11 Risk of bias wa
assessed as low, medium, or high based on selection
exposed and unexposed populations, similarity of
veillance for the outcome, measurement of and adjust
for prognostic imbalance, and attrition. Studies asses
low or medium risk of bias were included in their analy

Members of the ERT extracted data in a hierarc
manner to efÞciently capture the most relevant data
avoid duplication of samples (when more than 1 st
used the same data set). If there was a random
controlled trial (RCT) for a comparison, they did n
extract data from observational studies, unless
observational study reported a unique outcome. Wh
comparison was addressed only with observat
studies, they identiÞed and extracted data from
registry studies Þrst. If there were multiple studies u
the same database, such as the US Renal Data
(USRDS) or same patient population and reporting
same outcomes, they extracted only the study with the
most recent data. If studies reported data that we
included in the registry studies, they extracted data
these studies only if they reported a different outc
from registry studies. They did not extract data f
studies if their contribution to the total populati
analyzed for that comparison was less than 3%. W
studies used multivariate analysis, they extracted the
fully adjusted models and listed confounders adjuste
in the evidence table.

Data Synthesis and Analysis
The ERT grouped studies by comparison and inde
dently analyzed statistical signiÞcance of the results
erogeneity in study populations and methods preve
data pooling. They assessed quality of evidence
GRADE.12 Evidence quality was rated high, moderate, l
or very low.
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Development of Guideline Statements
The Work Group drafted clinical practice guideline s
ments based on the evidence amassed by the
Some statements are similar to those of the pre
guidelines published in 200613 but have been re
emphasized or reinterpreted in light of new data.
each of the guideline statements, the quality of the
dence and the strength of the recommendations
graded separately using the Grading of Recommend
Assessment, Development, and Evaluation (GR
approach criteria.9,14 The Work Group used an adap
version of these scales usinghighto very lowfor quality of
the evidence andstrongor conditionalfor the strength of the
recommendation. Recommendation strength inclu
assessment of the statementÕs potential clinical
(Tables AandB). The guideline statements were based
a consensus within the Work Group that the strengt
the evidence amassed by the ERT was sufÞcient to
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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Introduction
deÞnitive statements about appropriate clinical pra
When the strength of the evidence was not sufÞcie
make graded statements but the subject or interve
was deemed important for inclusion, the Work Gro
identiÞed the statement as ÒThere is inadequate ev
for KDOQI to make a recommendation . . .Ó, and
identiÞed the important issue. It was believed importa
communicate to the community that the issue has b
identiÞed but that further research is required. Fin
there were many important topics that were exclude
the ERT because they did not make the ERT search
or criteria for analysis. Because of their importance
Work Group offered guideline statements based on
best available evidence, independent of the ERT.
statements begin with ÒKDOQI considers it reason
and are labeledExpert Opinion. Expert Opinion statements a
the consensus opinion of the Work Group based on
available evidence and are ungraded. Phrasing and
tions presented were also decided on by a formal,
group process. The statements and deÞnitions
required voting included the classiÞcation and wor
deÞnition of vascular access complications, the wordi
Guideline 3.1, B on vascular access location order,
wording of theGuideline 7statement on routine preop
erative ultrasound, and strength of recommendation o
Guideline 11 statement on AV access cannula
technique.

Regarding all of the guideline statements, clinic
should be aware that each patient and his/her circ
stances are unique and require careful thought and
vidualization; thus, best clinical judgment must be u
with careful application of a guideline statement, wh
may infrequently stray from the recommendations of
Work Group to allow for optimal patient outcomes.

This guideline and supplementary Þles were
through formal internal and external review proces
Internal review took place in March 2019 and inclu
feedback from 14 individuals and groups, including
NKF ScientiÞc Advisory Board, American Society of
nostic and Interventional Nephrology, and Vascular A
Society of the Americas. Reviewers were asked to rea
recommendation and its supporting text; indicate whe
they agreed, disagreed, or partially agreed with each
provide comment if desired.

A public review period (May 2019) followed th
same format and received 50 responses. A link t
documents was emailed to individuals who registere
receive it, and NKF publicized the review through em
and social media channels. Changes and edits were
to the manuscript following each review.
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Internal Review
The NKF KDOQI process for internal and external re
is as follows:

� Once the guideline text is signed off by the Work Gr
Chairs, recommendations are formatted and circulat
KDOQI Leadership and the NKF ScientiÞc Advisory
for review. Reviewers are asked to use an online form
presents each recommendation, along with a bo
checkagree, partially agree,or disagreeand space for commen

� At the discretion of the KDOQI Chair, select out
experts and organizations may also be invited
comment at this stage.

� Reviewer comments are collated by KDOQI staff
sent to the Work Group for discussion and poss
edits.

� Individual Work Group members are assigned var
guideline sections and are asked to address rev
comments; to ensure a range of perspectives,
guideline section is reviewed by a number of gro
members. The entire Work Group then meets and
cusses the suggested edits or additions and come
consensus.

� After Work Group edits, the guideline document
distributed for public review.

External (Public) Review

� Throughout the later stages of guideline developme
link to register for public review is posted to the N
guidelines web page.

� The document is sent to registered reviewers and
licized to other individuals and groups with an inter
in the topic.

� Public reviewers are provided with a link to the on
form that presents each recommendation along with a
tocheckagree, partially agree,ordisagreeand space for commen

� Reviewer comments are collated by KDOQI staff
sent to the Work Group for discussion and poss
edits.

� Individual Work Group members are assigned var
guideline sections and are asked to address rev
comments; to ensure a range of perspectives,
guideline section is reviewed by a number of gro
members. The entire Work Group then meets and
cusses the suggested edits or additions and cam
consensus.

� The Work Group Chairs coordinate the Þnal rewri
of the guideline document based on the public rev
comments, after which the Þnal manuscript is sub
ted for publication in theAmerican Journal of Kidney
S19



Box 1. Grade for Strength of Recommendation

Evidence Base Grade

Implications

Patients Clinicians Policy

ERT derived Strong recommendation:
“We recommend”

Most people in your situation
would want the
recommended course of
action, and only a small
proportion would not.

Most patients should receive the
recommended course of action.

The recommendation can
be adopted as policy in
most situations.

ERT derived Conditional
recommendation/
suggestion:
“We suggest”

The majority of people in your
situation would want the
recommended course of action,
but many would not.

Different choices will be
appropriate for different
patients. Each patient needs
help to arrive at a
management decision
consistent with her or his
values and preferences.

The recommendation is
likely to require
substantial debate and
involvement of
stakeholders before
policy can be
determined.

ERT derived There is inadequate
evidence

The quality of the evidence was insuf� cient to make a suggestion or
recommendation (to support or not to support the intervention or topic)
but important enough to acknowledge as an area for future study

Work Group
derived

Ungraded
“KDOQI considers it
reasonable”

Ungraded recommendations are based on Work Group consensus and
the literaturea not found through the formal ERT literature review.

Note: When a statement indicates,“There is inadequate evidence for KDOQI to make a recommendation,” the Work Group cannot make any
recommendation, suggestion, or other evidence-based guidance (in either direction) based on the very low, low, or inadequate quality of evidence
amassed by the ERT. The word“recommendation” is used for simplicity and encompasses both“recommendations” and “suggestions” (in either
direction). Also, expert opinion statements that allow for the use of“the clinician’s discretion and best clinical judgment” means that there is currently
no rigorous evidence to recommend a therapy, device, or strategy over another. The Work Group expects that ERT-derived evidence-based state-
ments will ultimately replace expert opinion-based statements once such rigorous evidence becomes available.
Abbreviations: ERT, evidence review team; KDOQI, Kidney Disease Outcomes Quality Initiative.
Adapted from Uhlig et al14 with permission of Elsevier; original version of table© 2006 International Society of Nephrology.
aMany important topics, such as vein preservation, did not have accompanying studies that met the strict ERT search, retrieval, and analysis criteria
(above). However, if the Work Group believed the topic was important enough to be included in the Clinical Practice Guideline, statements were
made on these important topics with the Work Group’s best attempts to support the statements with the most relevant evidence available through
August 2018.

Box 2. Grade for Quality of Evidence

High quality of evidence . We are con� dent that the true effect lies close to that of the estimate of the effect.

Moderate quality of evidence . The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.

Low quality of evidence . The true effect may be substantially different from the estimate of the effect.

Very low quality of evidence . The estimate of effect is very uncertain and often will be far from the truth.

Introduction

S20 AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020



Summary of Guideline Statements
SUMMARY OF GUIDELINE STATEMENTS
f

t

s
t

h
mean that there is

erapy, device, or
T-derived evidence-
inionÐbased state-
lable. The clinicianÕs
individual circum-
e and expertise (ie,
Please refer toBox 1to understand the evidence basis
the Guideline Statements.

Note: When a statement indicates ÒThere is inadequa
to make a recommendation,Ó the Work Group cannot m
dation, suggestion, or other evidence-based guidance (in either direction) ba
on the very low, low, or inadequate quality of evidence amassed by

Note: Expert opinion statements that allow for t
clinicianÕs discretion and best clinical judgmentÓ
Guideline 1. Patient First: ESKD Life-Plan

Statements: ESKD Life-Plan and Vascular Access Choice
1.1 KDOQI considers it reasonable that each patient with progre

already on kidney replacement therapy should have an individ
and documented on their medical record. (Expert Opinion)

1.2 KDOQI considers it reasonable to conduct an annual review a
together with their health care team. (Expert Opinion)

1.3 KDOQI considers it reasonable that, in addition to regular mon
each patient ’s vascular access functionality, complication ri
together with their health care team. (Expert Opinion)

Guideline 2. Vascular Access Types

Statements: AV Access: Indications for Use
2.1 KDOQI considers it reasonable to have an AV access (AVF o

ESKD Life-Plan and overall goals of care. (Expert Opinion)
Note: See speci� c sections on incident and prevalent patients and

Statements: Central Venous Catheters (CVC): Indications for Use
2.2 KDOQI considers it reasonable in valid clinical circumstances t

for incident patients, as follows (Expert Opinion) :

Short-term duration:
� AVF or AVG created but not ready for use and dialysis i
� Acute transplant rejection or other complications requirin
� PD patient with complications that require time-limited pe
� Patient has a living donor transplant con � rmed with an

dialysis
� AVF or AVG complication such as major in � ltration inju

resolved
Note: In special, limited circumstances where temporary CVC is req

acceptable to use a nontunneled CVC.

Long-term or inde � nite duration:
� Multiple prior failed AV accesses with no available option
� Valid patient preference whereby use of an AV access wo

the patient has been properly informed of patient-speci
options for that patient (if available)

� Limited life expectancy
� Absence of AV access creation options due to a combin

arterial occlusive disease, noncorrectable central venous
diminutive vessels

� Special medical circumstances

Statements: Vascular Access for Incident Patients
The statements below are in the context of the ESKD Life-Plan an

comorbidities, circumstances, etc.

2.3 KDOQI suggests an AV access (AVF or AVG) in preference
the lower infection risk associated with AV access use. (C

2.4 KDOQI considers it reasonable that the choice of AV access
clinical judgment that considers the vessel characteristics,
preference. (Expert Opinion)

AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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e evidence for KDOQI
ake any recommen-
ed
he ERT.
e use of Òthe

currently no rigorous evidence to recommend a th
strategy over another. The Work Group expects ER
based statements will ultimately replace expert op
ments once such rigorous evidence becomes avai
discretion carefully considers both the patientÕs
stances and the clinicianÕs own clinical experienc
reasonable capabilities and limitations).
ssive CKD and/or with an eGFR 15-20 mL/min/1.73 m 2 or
ualized ESKD Life-Plan that is regularly reviewed, updated,

nd update of each patient ’s individualized ESKD Life-Plan,

itoring, a minimum quarterly overall review and update of
sks, and potential future dialysis access options be done

r AVG) in a patient requiring HD, when consistent with their

the choice of AV access type and their appropriate locations.

o use tunneled CVCs for short-term or long-term durations

s required
g dialysis
ritoneal rest or resolution of complication (eg, pleural leak)

operation date in the near future (eg, < 90 days) but requires

ry or cellulitis that results in temporary nonuse until problem is

uired to manage a vascular access complication (eg,<2 weeks), it may be

s (see anatomic restrictions below)
uld severely limit QOL or achievement of life goals and after

� c risks and bene � ts of other potential and reasonable access

ation of in � ow artery and out � ow vein problems (eg, severe
out � ow occlusion) or in infants/children with prohibitively

d associated Access Algorithms and their considerations, such as patient

to a CVC in most incident and prevalent HD patients due to
onditional Recommendation, Low Quality of Evidence)
(AVF or AVG) be based on the operator ’s/clinician ’s best

patient comorbidities, health circumstances, and patient
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2.5 KDOQI suggests that if suf � cient time and patient circumstances are favorable for a mature, usable AVF, such a func-
tioning AVF is preferred to an AVG in incident HD patients due to fewer long-term vascular access events (eg, thrombosis,
loss of primary patency, interventions) associated with unassisted AVF use. (Conditional Recommendation, Low Quality of
Evidence)

Note: Patient circumstances refer to vessel characteristics, patient comorbidities, health circumstances, and patient preference.
Note: Unassisted AVF use refers to an AVF that matures and is used without the need for endovascular or surgical interventions, such as

angioplasty. A preplanned vessel super� cialization is acceptable and not considered an additional intervention.
2.6 KDOQI suggests that most incident HD patients starting dialysis with a CVC should convert to either an AVF or AVG, if

possible, to reduce their risk of infection/bacteremia, infection-related hospitalizations, and adverse consequences.
(Conditional Recommendation, Very Low –Moderate Quality of Evidence)

2.7 There is inadequate evidence for KDOQI to make recommendations on choice of incident vascular access type based on
associations with all-cause hospitalizations or mortality.

2.8 There is inadequate evidence for KDOQI to make a recommendation on choice of AVF vs AVG for incident vascular access
based on associations with infections, all-cause hospitalizations, or patient mortality.

2.9 There is inadequate evidence for KDOQI to make a recommendation for incident HD patients using a CVC on converting to
an AV access (AVF or AVG) within the � rst year of dialysis initiation, solely to reduce their risk of mortality.

2.10 KDOQI considers it reasonable to use tunneled CVC in preference to nontunneled CVC due to the lower infection risk with
tunneled CVC. (Expert Opinion)

2.11 KDOQI considers it reasonable to use nontunneled internal jugular CVC only for temporary purposes for a limited time
period ( <2 weeks or per individual facility policy) to limit infection risk. (Expert Opinion)

Statements: Vascular Access in Prevalent HD Patients
2.12 There is inadequate evidence for KDOQI to make a recommendation on the type of vascular access preferred in prevalent

HD patients based on vascular access outcomes, patient hospitalizations, or mortality.
2.13 KDOQI considers it reasonable that prevalent HD patients use an AV access (AVF or AVG) in preference to a CVC, if

possible, due to the association with lower vascular access –related events (eg, infection, thrombotic, and nonthrombotic
complications). (Expert Opinion)

2.14 KDOQI considers it reasonable that if clinical circumstances are favorable for a mature, usable AVF, such a functioning
AVF is preferred to AVG in prevalent HD patients. (Expert Opinion)

Note: Clinical circumstances refer to patient’s vessel characteristics, comorbidities, health circumstances, potential exposure time to CVC use,
and patient preference.

2.15 KDOQI considers it reasonable in valid clinical circumstances to use tunneled CVCs for short-term or long-term durations
for prevalent patients, as follows (Expert Opinion) :
Short-term duration:

� AVF or AVG created but not ready for use and dialysis is required
� Acute transplant rejection or other complications requiring dialysis
� PD patient with complications that require time-limited peritoneal rest or resolution of complication (eg, pleural leak)
� Patient has a living donor transplant con � rmed with an operation date in the near future (eg, <90 days) but requires dialysis
� AVF or AVG complication such as major in � ltration injury or cellulitis that results in temporary nonuse until problem

is resolved
Note: In special, limited circumstances where temporary CVC is required to manage a vascular access complication (eg,<2 weeks), it may be

acceptable to use a nontunneled CVC.

Long-term or inde � nite duration:
� Multiple prior failed AV accesses with no available options (see anatomic restrictions below)
� Valid patient preference whereby use of an AV access would severely limit QOL or achievement of life goals and

after the patient has been properly informed of patient-speci � c risks and bene � ts of other potential and reasonable
access options for that patient (if available)

� Limited life expectancy
� Absence of AV access creation options due to a combination of in � ow artery and out � ow vein problems (eg, severe

arterial occlusive disease, noncorrectable central venous out � ow occlusion) or in infants/children with
prohibitively diminutive vessels

� Special medical circumstances

Guideline 3. Vascular Access Locations

Statements: AV Access Locations
The statements below are in the context of the ESKD Life-Plan and associated Access Algorithms and their considerations (eg, feasible

anatomy, etc).
Note: See Guideline Statements 2.2and 3.2 for CVC use and location; this section refers to AVF or AVG.
3.1 KDOQI considers it reasonable to choose the site (location) of the AV access (AVF or AVG) after careful consideration of the

patient ’s ESKD Life-Plan (Figs 1.1-1.6), potentially following the below paths. (Expert Opinion) See Guideline Statement
3.2 for CVC locations:
A) A patient ’s ESKD Life-Plan includes an anticipated long duration (eg, >1 year on HD):
� Forearm AVF (snuffbox or distal radiocephalic or transposed radiobasilic)

Summary of Guideline Statements
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� Forearm loop AVG or proximal forearm AVF (eg, proximal radiocephalic, proximal vessel, and perforator combinations)
or brachiocephalic, per operator discretion

� Brachiobasilic AVF or upper arm AVG, per operator discretion

B) A patient ’s ESKD Life-Plan includes an anticipated limited duration (eg, <1 year) on HD:
� Forearm loop AVG or brachiocephalic AVF (with high likelihood of unassisted maturation)
� Upper arm AVG

C) A patient urgently starts HD without prior suf � cient time to plan for and/or create an AV access and has an anticipated
limited duration (eg, <1 year) on HD:

� Early or standard cannulation loop AVG (forearm or upper arm location), or CVC, per operator discretion and patient ’s
clinical needs

Note: The choice of upper extremity location of an AVG should be based on the operator’s discretion and best clinical judgment
considering the patient’s ESKD Life-Plan, due to inadequate evidence to demonstrate a difference between forearm versus upper arm
AVG patency or complication outcomes (including infections, hospitalizations, and mortality).

D) A patient urgently starts HD without prior suf � cient time to plan for and/or create an AV access and has an anticipated
long duration (eg, >1 year) on HD:

� PD catheter, and follow above algorithm (A) if PD not a long-term option or
� Forearm early cannulation loop graft; when AVG fails, follow above algorithm (A) or
� CVC if high likelihood of rapid AVF maturation and usability success, then follow above algorithm (A)

E) All AV access options in the upper extremity have been exhausted and patient ’s ESKD Life-Plan includes a long duration
(eg, >1 year) on HD, the following may be considered based on individual patient circumstances and operator ’s best
clinical judgment and expertise:

� Lower extremity AVF or AVG or HeRO Graft (Merit Medical)

While a suggested stepwise approach to AV access site selection is provided (Figs 1.1-1.6), modi� cation of the approach is encouraged as
necessary to consider the individual’s ESKD Life-Plan and circumstances, and follow the below key principles, given available suitable vessels:

� Distal � rst to proximal next approach
� Always preserve the integrity of vessels for future vascular access options
� Nondominant extremity in preference to dominant,only if choices are equivalent

Statements: CVC Locations
3.2 KDOQI considers it reasonable to choose the site (location) of the CVC after careful consideration of the patient ’s ESKD Life-

Plan as follows ( Expert Opinion ):
� Upper extremity before lower extremity, only if choices are equivalent
� There are valid reasons for CVC use ( Guideline Statement 2.2 ) and its duration of use is expected to be limited (eg, <3

months):
� AV access is likely to be ready for use in near future —consider preferential use of tunneled cuffed CVC in opposite

extremity to anticipated AV access
� Transplant is anticipated in near future (ie, preserve iliac vessels) —consider preferential use of tunneled cuffed right IJ

catheter
Note: See below guidance for more details on CVC location.

� Some experts support that in urgent dialysis start situations, under limited use circumstances (eg, <1 month) and
transplant is not an option, use of a tunneled, cuffed femoral CVC is acceptable (unless contraindicated) until the AV
access or PD catheter can be quickly created and used. Use of the femoral vein preserves the upper extremity vessels for
future AV access creation.

Note: Contraindications to femoral vein CVC include femoral or iliac vessel pathology or prior surgery/reconstruction; hygienic reasons
(eg, chronic unresolved diarrhea), morbid obesity (BMI> 35 kg/m2), or other dif� cult vein access.

� When there are valid reasons for CVC use ( Guideline Statement 2.2 ) and duration of use is expected to be prolonged
(eg, >3 months) without anticipated use of AV access, CVC may be placed in the following locations in order of preference:

� Internal jugular
� External jugular
� Femoral
� Subclavian
� Lumbar

Note: In the absence of contraindications, prior pathology (eg, central stenosis) or intervention (eg, pacemaker) CVC insertion on the
right side is preferable to the left side due to more direct anatomy. If one side has pathology that limits AV access creation but allows
for CVC insertion, this side should be used for the CVC to preserve the other side for AV access creation.

Guideline 4. AV Access Types and Materials

Statements: Novel AV Access Types and Materials
4.1 KDOQI suggests that the choice of material for an AVG should be based on the nephrologist ’s or operator ’s discretion and

best clinical judgment since the current evidence does not demonstrate that one graft material or modi � cation thereof is
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associated with improved outcomes in terms of patency or complications. (Conditional Recommendation, Low Quality of
Evidence)

4.2 KDOQI considers it reasonable to use early cannulation grafts as a CVC-sparing strategy in appropriate patients, consid-
ering their ESKD Life-Plan. (Expert Opinion)

Guideline 5. CVC Con � guration and Materials

Statement: CVC Con � guration and Materials
5.1 KDOQI suggests that the choice of tunneled HD CVC type and design be based on the clinician ’s discretion and best clinical

judgment. (Conditional Recommendation, Low Quality of Evidence)

Guideline 6. Timing, Preparation, and Planning for Creation/Insertion of Dialysis Access

Statements: Education on ESKD Modalities and Dialysis Access
6.1 KDOQI considers it reasonable for adult and pediatric patients with an eGFR � 30 mL/min/1.73 m 2 (CKD G4) with pro-

gressive decline in kidney function to be educated on all modalities of kidney replacement therapy (KRT) options,
including transplantation, so that timely referral can be made for the appropriate modality and creation of a functional
dialysis access, if necessary. (Expert Opinion)

Note: For pediatric patients, calculate eGFR by Schwartz formula.
6.2 KDOQI considers it reasonable for adult and pediatric patients with a kidney transplant with an eGFR � 30 mL/min/1.73 m 2

(CKD G4) with progressive decline in kidney function, to be educated on all modalities of KRT options, including potential
re-transplantation, so that timely referral can be made for the appropriate modality and creation of a functional dialysis
access, if necessary. A re-review of the patient ’s ESKD Life-Plan should occur. (Expert Opinion)

Note: For pediatric patients, calculate eGFR by Schwartz formula.
6.3 KDOQI considers it reasonable for PD patients with complications refractory to therapy and/or with circumstances that

make PD less conducive than HD to be educated on all kidney transplant and HD options, so that timely referral can be
made for the appropriate modality preparation and creation of a functional dialysis access, if necessary. A re-review of the
patient ’s ESKD Life-Plan should occur. (Expert Opinion)

Note: See Special Discussions.
6.4 KDOQI considers it reasonable and important to ensure that the predetermined dialysis access is usable to provide the

prescribed dialysis when the patient is ready to initiate the planned dialysis (eg, an AV access is mature and ready for
cannulation for HD). (Expert Opinion)

6.5 KDOQI considers it reasonable that in patients who have unplanned or urgent dialysis starts with a CVC, the ESKD Life-Plan
is established with a dialysis access plan within 30 days of dialysis start. (Expert Opinion)

Statements: Referral for AV Access

In some facilities, referral of the patient for assessment by the vascular access team/surgeon for appropriate dialysis access is a different
process than referral for the actual creation/insertion. However, for simplicity, the Guideline recommendations have been combined, keeping in
mind variable timeframes between assessment for and creation of vascular access.

Nondialysis CKD Patients
6.6 KDOQI considers it reasonable that in nondialysis CKD patients with progressive decline in kidney function, referral for

dialysis access assessment and subsequent creation should occur when eGFR is 15-20 mL/min/1.73 m 2. Earlier referral
should occur in patients with unstable and/or rapid rates of eGFR decline (eg, >10 mL/min/year). (Expert Opinion)

Note: Nondialysis CKD patients include those with a failing transplant.

Hemodialysis Patients
6.7 KDOQI considers it reasonable that in HD patients with recurrent vascular access problems, prompt referral for assessment

and creation of a new AV access should be made to allow adequate time for specialist consult and follow-up, as well as
possible AV access failure and correction, and should consider individual patient circumstances and competing risk of
death. (Expert Opinion)

Note: Recurrent vascular access problems include recurrent need for CVC use and/or� 3 corrective interventions/6 months.

When PD Is the Modality of Choice:
6.8 KDOQI considers it reasonable and ideal to place a PD catheter at least 2 weeks before the anticipated need of the PD

treatments. (Expert Opinion)
6.9 KDOQI considers it reasonable for an urgent PD catheter to be placed for immediate PD as necessary under the direction

and care of experienced personnel in conducive environments. (Expert Opinion)

Statement: Vessel Preservation
6.10 KDOQI considers it reasonable to protect all central and peripheral arteries and veins from damage whenever possible,

including the avoidance of peripherally inserted catheters and unnecessary venipunctures, for patients on dialysis or with
CKD where dialysis access is expected in the future (CKD G3-G5). (Expert Opinion)

Note: Other scenarios where vessel (artery or vein) damage may occur that should be avoided include (1) radial artery access for coronary
interventions and (2) venous cardiovascular implantable electronic devices; alternatives such as epicardial/leadless pacing should be
considered whenever possible.
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Statements: Multidisciplinary Team Approach
6.11 KDOQI considers it reasonable to educate on, coordinate, and manage all aspects of dialysis access using a multidisci-

plinary team within the resource capacities and feasibilities of each facility. (Expert Opinion)
6.12 There is inadequate evidence for KDOQI to make a recommendation on the use of a multidisciplinary team to reduce the

rate of CVC use or increase the use of AVF.

Guideline 7. Patient and Vessel Examinations: Prepratory Considerations

Statements: Patient Clinical Examination
7.1 KDOQI recommends that a physical examination focused on vascular anatomy be the basis for the initial assessment and

planning of vascular access creation. (Conditional Recommendation, Very Low Quality of Evidence)
7.2 KDOQI considers it reasonable to have greater emphasis on and more training in preoperative clinical examination to

assess patients and their vessels to determine the type and location of their vascular access. (Expert Opinion)

Statements: Vessel Mapping for Vascular Access
7.3 KDOQI suggests selective preoperative ultrasound in patients at high risk of AV access failure ( Table 7.2) rather than routine

vascular mapping in all patients. (Conditional Recommendation, Low Quality of Evidence)
7.4 KDOQI considers it reasonable to use various imaging studies as needed to evaluate the suitability of vessels for AV access

creation, such as ultrasonography for peripheral vessels (including intraoperative ultrasound) and venography for suspected
central vein occlusion, while considering the patient ’s clinical circumstances and residual kidney function. (Expert Opinion)

Statements: Optimal Vessel Size for Artery and Vein of AV Access Creation
7.5 KDOQI considers it reasonable that while there is no minimum-diameter threshold to create an AVF, arteries and veins of <2

mm in diameter should undergo careful evaluation for feasibility and quality to create a functioning AVF. (Expert Opinion)
7.6 KDOQI considers it reasonable to evaluate multiple characteristics of vessel quality for AVF creation (size, distensibility,

� ow, etc). (Expert Opinion)

Guideline 8. AV Access Creation

Statements: Pre-Creation Infection Prevention
8.1 KDOQI considers it reasonable to conduct a careful history and physical exam by the operator and managing team prior to

AV access creation to identify infection risks that should � rst be managed before proceeding with AV access creation (eg,
dental infection, osteomyelitis, etc). (Expert Opinion)

8.2 KDOQI suggests that the choice of anesthesia for AVF creation should be based on the operator ’s discretion and best
clinical judgment, as current evidence shows no difference between regional block or local anesthesia in terms of AVF
usability, patency, interventions, or patient experience. (Conditional Recommendation, Low-Moderate Level of Evidence)

Statement: AV Access Anastomotic Con � guration and Apposition Methods
8.3 KDOQI considers it reasonable that the choice of anastomotic con � guration and apposition method (eg, vascular clips,

sutures) for AVF creation be based on the operator ’s discretion and best clinical judgment, as there is insuf � cient evidence
to prefer one con � guration or apposition method over another. (Expert Opinion)

Statement: AV Access Anastomotic Suture Technique
8.4 KDOQI considers it reasonable that the choice of suture technique for AV access creation should be based on the operator ’s

discretion and best clinical judgment, as there is insuf � cient evidence that any anastomotic suture technique is advanta-
geous in terms of AV access patency or complications. (Expert Opinion)

Statements: Use of Operator-Assisted Maneuvers for AV Access Maturation
8.5 KDOQI does not suggest the use of allogenic endothelial implants to improve AVF maturation, patency, or clinical usability

or to improve AVG graft patency or reduce thrombosis. (Conditional Recommendation, Very Low Quality of Evidence)
8.6 KDOQI does not suggest the use of pancreatic elastase to improve the patency and clinical use of AVF or AVG. (Conditional

Recommendation, Moderate Quality of Evidence)
8.7 KDOQI considers it reasonable to have a careful individualized approach to operator-enhanced (surgical or endovascular)

maneuvers during AV access creation to facilitate AV access maturation, based on the operator ’s best clinical judgment and
expertise. (Expert Opinion)

Guideline 9. CVC Insertion

Statements: Techniques and Other Considerations for Placement
9.1 KDOQI recommends the use of image-guided CVC insertions to improve success of insertions. (Conditional Recommen-

dation, Moderate Quality of Evidence)
9.2 KDOQI considers it reasonable that if � uoroscopy is not used to insert a tunnelled CVC, alternative imaging is used to

ensure that the CVC tip has been correctly placed. (Expert Opinion)
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Guideline 10. Post –AV Access Creation/CVC Insertion Considerations

Statement: AV Access Early Postoperative Considerations (0-30 Days) —Early AV Access Complications
10.1 KDOQI considers it reasonable for AV access (AVF and AVG) to be evaluated by a surgeon/operator for postoperative

complications within 2 weeks and for an appropriate member of the vascular access team to evaluate for AVF maturation
by 4-6 weeks after AV access creation and refer for further investigation if not maturing as expected. (Expert Opinion)

Note: Ideally, the surgeon/operator evaluating for complications would be the same individual who created the AV access.

Statements: Postoperative AV Access Maturation

Patient Enhanced
10.2 There is inadequate evidence for KDOQI to make a recommendation on the use of upper extremity exercise to facilitate

postoperative AVF maturation.
10.3 KDOQI recommends the use of whole arm rather than � nger exercise, if exercise is used to facilitate AVF maturation.

(Conditional Recommendation, Moderate-High Quality of Evidence)

Pharmacologic Intervention
10.4 KDOQI does not suggest the use of heparin as an adjuvant therapy in the perioperative period to improve primary patency

or initial use of AV access (AVF or AVG). (Conditional Recommendation, Low Quality of Evidence).
10.5 KDOQI does not suggest the use of adjuvant clopidogrel monotherapy initiation in the perioperative period to improve AVF

maturation and reduce the likelihood of primary failure. (Conditional Recommendation, Low Quality of Evidence)
10.6 KDOQI does not suggest the use of glyceryl-trinitrate to enhance AVF maturation. (Conditional Recommendation, Low

Quality of Evidence)
10.7 KDOQI does not suggest the use of cholecalciferol to enhance AVF maturation. (Conditional Recommendation, Moderate

Quality of Evidence)
10.8 There is inadequate evidence for KDOQI to make a recommendation on the use of clopidogrel-prostacyclin (iloprost) for

AVF usability or patency.

Endovascular and Surgical Intervention
10.9 There is inadequate evidence for KDOQI to make a recommendation on the preferred use of surgical or endovascular

techniques for postoperative maturation. It is reasonable to consider a careful individualized approach to using either
surgical techniques or endovascular techniques when needing to intervene on an AV access to enhance maturation
postoperatively.

Statements: Timing of CVC Removal

Noncuffed, Nontunneled Catheters (NT-CVC)
10.10 KDOQI considers it reasonable to limit the use of temporary, noncuffed, nontunneled dialysis catheters to a maximum of

2 weeks due to increased risk of infection, and this should be considered only in patients in need of emergent access.
(Expert Opinion)

Cuffed, Tunneled CVC
10.11 KDOQI considers it reasonable that in HD patients for whom a cuffed, tunneled CVC is the most appropriate permanent

dialysis access, there is no maximum time limit to CVC use, but regular evaluation is required to determine if the CVC
remains the most appropriate dialysis access. (Expert Opinion)

Note: Appropriate uses of a cuffed, tunneled CVC for chronic hemodialysis include the following:
(1) All other AV access options have been exhausted (after thorough multidisciplinary evaluation)
(2) Temporary switch from another modality (eg, PD, due to PD-related complications such as pleural leak, transplant–acute rejection,

etc), but the patient is expected to return to that modality after the complication is adequately resolved
(3) Awaiting live-donor kidney transplant with established surgical date (<90 days)
(4) Very limited life expectancy (eg,<6-12 months)
(5) Clinical conditions that would worsen with AV access (eg, HF with EF<15%, nontreatable skin lesions where cannulation/

scratching signi� cantly increases infection or rupture risk, etc)
(6) Patient choice after proper informed consent (eg, competent,>85-year-old elderly woman with high risk of AV access failure, needle

phobia, and unknown life expectancy)

Note: The above points regarding appropriate use of CVC are discussed inGuideline Statement 2.2

Guideline 11. Vascular Access Use

Statement: Vascular Access General Monitoring
11.1 KDOQI considers it reasonable to assess or check the vascular access and surrounding area by physical exam prior to

every cannulation (if AV access) or connection (if CVC) for potential complications. (Expert Opinion)
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Statements: AV Access Cannulation

Please reviewGuideline Statement 11.1.

11.2 KDOQI recommends rope ladder cannulation as the preferred cannulation technique for AVFs. (Conditional Recom-
mendation, Moderate Quality of Evidence)

11.3 KDOQI considers it reasonable to limit AV access buttonhole cannulation only to special circumstances given the asso-
ciated increased risks of infection and related adverse consequences. (Expert Opinion)

11.4 KDOQI considers it reasonable to avoid buttonhole cannulation in synthetic PTFE grafts due to potential serious con-
sequences. (Expert Opinion)

11.5 KDOQI suggests that when select buttonhole cannulation is performed, the use of buttonhole cannulation devices to
facilitate cannulation should be at the discretion and expertise of the cannulator. (Conditional Recommendation, Low
Quality of Evidence)

11.6 KDOQI considers it reasonable to use skilled cannulators with established high rates of cannulation success to perform
initial AV access cannulations on patients to help avoid primary in � ltration injury of the AV access. (Expert Opinion)

11.7 KDOQI considers it reasonable to have structured training and supervision of dialysis technicians and nurses before and
during their initial cannulation attempts, and regular training updates to maintain cannulation competency. (Expert
Opinion)

11.8 KDOQI considers it reasonable to support and educate eligible patients on self-cannulation of their AV access (AVF or
AVG). (Expert Opinion)

Note: To be clear, any consideration of buttonhole cannulation refers only to AVF and certain AVG materials. AVG made of PTFE should not be
accessed by buttonhole cannulation, due to risks of“one-siteitis” and its serious consequences.

Note: See Guideline Statement 12.2for use of ultrasound for AV access cannulation.

Statements: CVC System Connect and Disconnect Procedure Considerations

Please reviewGuideline Statement 11.1.

11.9 KDOQI suggests the use of a catheter care protocol for exit site and hub care to reduce catheter-related bloodstream
infections and treatment of catheter dysfunction. (Strong Recommendation, Moderate Quality of Evidence)

11.10 KDOQI considers it reasonable, in addition to correct hand hygiene/washing, to use aseptic technique and masks for
patients and staff performing catheter connection and disconnection procedures. (Expert Opinion)

11.11 KDOQI considers it reasonable to cleanse the catheter hub when connecting and disconnecting the catheter with a
chlorhexidine based solution. If chlorhexidine is contraindicated (eg, sensitivity, allergy), povidone-iodine solution
(preferably with alcohol) is a reasonable substitute and should be used. (Expert Opinion)

11.12 KDOQI considers it reasonable at the time of catheter dressing change to cleanse the skin surrounding the catheter exit
site with a chlorhexidine based solution. If chlorhexidine is contraindicated (eg, sensitivity, allergy), povidone-iodine
solution (preferably with alcohol) is a reasonable substitute and should be used. (Expert Opinion)

11.13 There is inadequate evidence for KDOQI to make a recommendation on the speci � c chlorhexidine formulation to use for
infection prophylaxis, and this should be based on the clinician ’s best clinical judgment and local practical
considerations.

11.14 There is inadequate evidence to demonstrate a difference in catheter-related infections with the use of transparent � lm
dressing compared with nontransparent dressing; thus, the choice of catheter dressing material should be based on the
clinician ’s discretion that considers the patient ’s circumstances and uses best clinical judgment.

11.15 KDOQI considers it reasonable to use a topical antiseptic or antibiotic barrier at the catheter exit site in addition to
cleansing until the exit site is healed to reduce the risk of catheter-related infection. (Expert Opinion)

11.16 There is inadequate evidence to demonstrate a difference in catheter-related infections between the use of various
antiseptic or antibiotic topical exit site barriers; thus, the choice of topical exit site barrier should be based on the cli-
nician ’s discretion and best clinical judgment.

11.17 KDOQI considers it reasonable to follow these catheter care practices (Expert Opinion) :
� The frequency of catheter dressing change should be based on the clinician ’s discretion and best clinical judgment,

with a minimum of once weekly
� Catheter dressings should be protected against wet and dirty environments, particularly when the exit site is not yet

fully healed (eg, avoid swimming and showering)
Note: SeeGuideline Statements 21.2and 21.3 for statements on CVC connectors to prevent CVC dysfunction or bacteremia andGuideline

Statements 24.3-24.5for statements on intraluminal strategies for the prophylaxis of CVC-related infections.

Guideline 12. AV Access Cannulation Complications

Statements: AV Access Cannulation Complications
12.1 KDOQI considers the following therapeutic interventions for cannulation injury reasonable to follow:

� Any size in � ltration: apply ice for a minimum of 10 minutes and refrain from maximizing the blood pump speed. (Expert
Opinion)

� If the in � ltration is moderate, the needle should be withdrawn and manual pressure held over the in � ltration site.
(Expert Opinion)

� If the in � ltration is signi � cantly large, in addition to the above, a decision on the necessity for dialysis that day is
required —if dialysis is required, a site proximal to the in � ltration injury should be cannulated; if this is not possible,
reattempt at the area of injury should not proceed until manual pressure and ice is applied for 30 minutes. (Expert
Opinion)
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� If a hematoma develops, close assessment of the site, the AV access, and the adjacent extremity should be made,
including measurement of swelling, assessment of the presence of � ow in the AV access both proximal and distal to the
hematoma, and circulation to the associated extremity. (Expert Opinion)

12.2 KDOQI considers it reasonable to use ultrasound to help determine direction of � ow and proper needle placement in the
AV access of select patients as needed and performed by trained operators, to prevent cannulation complications. (Expert
Opinion)

Guideline 13. AV Access Flow Dysfunction —Monitoring/Surveillance

Note: “AV access� ow dysfunction” refers to clinically signi� cant abnormalities in AV access (AVF or AVG)� ow or patency due to underlying
stenosis, thrombosis, or related pathology. This is in distinction to other types of AV access complications.

Statements: Appropriate Use of Monitoring/Surveillance for AV Access Flow Dysfunction

Physical Examination (Monitoring)
13.1 KDOQI recommends regular physical examination or check of the AVF, by a knowledgeable and experienced health

practitioner, to detect clinical indicators of � ow dysfunction of the AVF. (Conditional/Strong Recommendation, Moderate
Quality of Evidence)

See Table 13.2 for clinical indicators.
13.2 KDOQI recommends regular physical examination or check of the AVG, by a knowledgeable and experienced health

practitioner, to detect clinical indicators of � ow dysfunction of the AVG. (Conditional/Strong Recommendation, Moderate
Quality of Evidence)

See Table 13.2 for clinical indicators.
13.3 KDOQI considers it reasonable for nephrology trainees and health practitioners involved with clinical HD patient care to be

properly trained in physical examination of the AV access to monitor for and detect AV access � ow dysfunction. (Expert
Opinion)

Surveillance to Facilitate Patency
13.4 There is inadequate evidence for KDOQI to make a recommendation on routine AVF surveillance by measuring access

blood � ow, pressure monitoring, or imaging for stenosis, that is additional to routine clinical monitoring, to improve
access patency.

Note: In other words, monitoring of vascular access is primary, while surveillance� ndings are supplementary, and action should not be based
solely on surveillance� ndings.

13.5 KDOQI does not suggest routine AVG surveillance by measuring access blood � ow, pressure monitoring, or imaging for
stenosis, that is additional to regular clinical monitoring, to improve AVG patency. (Conditional Recommendation, Low
Quality of Evidence)

Note: In other words, monitoring of vascular access is primary, while surveillance� ndings are supplementary, and action should not be based
solely on surveillance� ndings.

Investigation of Abnormalities Detected by Clinical Monitoring

Please refer toGuideline Statements 15.1-15.3.

Statements: Surveillance and Pre-emptive Intervention for AV Access Stenosis Not Associated With Clinical Indicators

Endovascular Intervention to Improve Patency
13.6 KDOQI does not recommend pre-emptive angioplasty of AVFs with stenosis, not associated with clinical indicators, to

improve access patency. (Conditional Recommendation, Moderate Quality of Evidence)
13.7 KDOQI does not recommend pre-emptive angioplasty of AVGs with stenosis, not associated with clinical indicators, to

improve access patency. (Conditional Recommendation, Moderate Quality of Evidence)

Surgical Intervention to Improve Patency
13.8 There is inadequate evidence for KDOQI to make a recommendation on pre-emptive surgical interventions in AVFs with

stenosis, not associated with clinical indicators, to improve access patency.

Statement: Pre-emptive Intervention for AV Access Stenosis Associated With Clinical Indicators
13.9 KDOQI considers it reasonable for patients with consistently persistent clinical indicators and underlying AV access ste-

nosis to undergo pre-emptive angioplasty of their AV access to reduce the risk of thrombosis and AV access loss. (Expert
Opinion)

Guideline 14. AV Access Flow Dysfunction —Prevention

Statements: Noninvasive Primary and Secondary Prevention of AV Access Flow Dysfunction
Note: “AV access� ow dysfunction” refers to clinically signi� cant abnormalities in AV access (AVF or AVG)� ow or patency due to underlying

stenosis, thrombosis, or related pathology. This is in distinction to other types of AV access complications.
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Fistulas
14.1 KDOQI suggests that the use of adjuvant far-infrared therapy to improve AVF primary patency be based on individual

circumstances, feasibility, and the clinician ’s best judgment and expertise. (Conditional Recommendation, Moderate
Quality of Evidence)

14.2 KDOQI does not suggest the routine use of � sh oil or aspirin to prevent AVF � ow dysfunction. (Conditional Recom-
mendation, Low-Moderate Quality of Evidence)

14.3 There is inadequate evidence for KDOQI to make a recommendation on the use of simvastatin and ezetimibe to reduce
AVF interventions or thrombosis.

14.4 There is inadequate evidence for KDOQI to make a recommendation on the use of clopidogrel-prostacyclin to improve AVF
primary failure.

Grafts
14.5 KDOQI suggests careful consideration of potential individual patient bene � ts, risks, and circumstances prior to the use of

combination dipyridamole (200 mg) and aspirin (25 mg) twice daily to improve AVG primary unassisted patency. (Condi-
tional Recommendation, High Quality of Evidence)

14.6 KDOQI suggests the use of oral � sh oil supplementation, in patients with newly created AV grafts, to reduce patient
morbidity (ie, reduce frequency of thrombosis and related corrective interventions). (Conditional Recommendation,
Moderate Quality of Evidence)

14.7 There is inadequate evidence for KDOQI to make a recommendation on the use of oral � sh oil supplementation to prolong
AVG cumulative patency.

14.8 There is inadequate evidence for KDOQI to make a recommendation on the use of simvastatin and ezetimibe for reducing
AVG interventions and thrombosis.

Guideline 15. AV Access Flow Dysfunction —Con� rmation and Treatment

Statements: Radiographic Con � rmation of Clinically Signi � cant AV Access Lesion
15.1 KDOQI considers it reasonable that when clinical monitoring suspects clinically signi � cant AV access lesion (eg, stenosis),

further timely and con � rmatory evaluation should proceed, including imaging of the dialysis access circuit. (Expert Opinion)
Notes:

� A clinically signi� cant lesion is one that contributes to clinical signs and symptoms (see AV Access Monitoring,Table 13.2) without
other cause (with or without a change in surveillance measurements, such as change in blood� ow [Qa] or venous pressures).

� Dialysis access circuit is de� ned as the continuum from the heart and the arterial in� ow through the AV access to the venous out� ow
back to the heart.

� The timeframe, choice, and extent of imaging studies for further evaluation are dependent on local resources and the severity of
� ndings on clinical monitoring; a timeframe of less than 2 weeks was deemed reasonable by the KDOQI Work Group.

15.2 KDOQI considers it reasonable to use the smallest volume of iodinated contrast or non-iodinated contrast agents (eg, CO 2

gas) by operators knowledgeable in their uses, contraindications, and risks to obtain the best possible image in all pa-
tients with CKD to preserve residual kidney function. (Expert Opinion)

15.3 KDOQI considers it reasonable that when further con � rmatory imaging studies reveal a culprit lesion responsible for
clinical signs and symptoms, the clinically signi � cant lesion is promptly treated. (Expert Opinion)

Note: A clinically signi� cant lesion is one that contributes to clinical signs and symptoms (see AV Access Monitoring,Table 13.2) without other
cause (with or without a change in surveillance measurements, such as change in blood� ow [Qa] or venous pressures).

Statement: General Treatment of Clinically Signi � cant Stenosis or Thrombosed AV Access
15.4 KDOQI considers it reasonable to use a careful individualized approach to the treatment of failing or thrombosed AVF and

AVG (surgical or endovascular), based on the operator ’s best clinical judgment and expertise and considering the patient ’s
ESKD Life-Plan. (Expert Opinion)

Note: Consider both the patient’s individual circumstances and the operator’s clinical experience and expertise (ie, reasonable capabilities and
limitations); preferably discussed and agreed on by the teammanaging the patient’s vascular access, including but not limited to the patient
and one or more of the following: nephrologist, interventionalist, surgeon, vascular access coordinator, cannulators (nurse or technician).

Statements: Treatment of Clinically Signi � cant AV Access Stenosis

Angioplasty
15.5 KDOQI considers it reasonable to use balloon angioplasty (with high pressure as needed) as primary treatment of AVF and

AVG stenotic lesions that are both clinically and angiographically signi � cant. (Expert Opinion)
Note: Angiographically present stenosis without accompanying clinical signs and symptoms is inadequate to treat/intervene upon.
15.6 There is inadequate evidence for KDOQI to make a recommendation regarding the use of specialized balloons (drug-

coated or cutting) versus standard high-pressure balloons in the primary treatment of AVF and AVG stenosis.
15.7 There is inadequate evidence for KDOQI to make a recommendation regarding the optimal duration of balloon in � ation

time during angioplasty to improve intervention primary patency in the treatment of AVF or AVG stenosis.
15.8 KDOQI considers it reasonable that a careful patient-individualized approach to the choice of balloon type for angioplasty

of clinically signi � cant AVF and AVG stenosis be based on the operator ’s best clinical judgment and expertise. (Expert
Opinion)

Summary of Guideline Statements
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Stents
15.9 KDOQI suggests the appropriate use of self-expanding stent-grafts in preference to angioplasty alone to treat clinically

signi � cant graft-vein anastomotic stenosis in AVG when the goal is overall better 6-month postintervention outcomes
after carefully considering the patient ’s ESKD Life-Plan. (Conditional Recommendation, Moderate Quality of Evidence)

Note: Appropriate use avoids cannulation segments.
Note: Overall better 6-month outcomes refer to reduced recurrent AVG restenosis± improved patency.
15.10 KDOQI considers it reasonable to � rst consider the consequences of placement of a stent-graft on future AV access

options according to the patient ’s ESKD Life-Plan, with consultation with the vascular access team if necessary, prior to
its placement. (Expert Opinion)

15.11 KDOQI suggests that the use of an appropriately placed stent-graft is preferred to angioplasty alone for the treatment of
in-stent restenosis in AVG and AVF for overall better 6-month postintervention outcomes. (Conditional Recommenda-
tion, Moderate Quality of Evidence)

Note: Appropriate use avoids cannulation segments.
Note: Overall better 6-month outcomes refer to reduced recurrent AVG and AVF restenosis± improved patency.
15.12 KDOQI considers it reasonable to avoid the use of bare metal stents for the treatment of clinically and/or angiograph-

ically signi � cant AVG and AVF stenotic lesions. (Expert Opinion)

Statements: Treatment of Thrombosed AV Access
15.13 KDOQI considers it reasonable that management of each episode of AV access thrombosis is at the operator ’s/clinician ’s

best judgement and discretion, and involves the consideration of the patient ’s dialysis access Succession Plan that is
consistent with the ESKD Life-Plan, given the compromised AV access patency after either endovascular or surgical
treatment. (Expert Opinion)

Note: Operator’s/clinician’s discretion carefully considers both the patient’s individual circumstances and the operator’s/clinician’s own clinical
experience and expertise (ie, reasonable capabilities and limitations). The Succession Plan is a critical component of the P-L-A-N (see
Monitoring and Evaluation discussion inGuideline Statement 1).

15.14 KDOQI considers it reasonable to surgically treat a failing AV access in the following circumstances: (1) endovascular
treatment failures, (2) clinically signi � cant lesions not amenable to endovascular treatment, and (3) situations in which
the surgical outcomes are deemed markedly better. (Expert Opinion)

Note: Situations when surgical outcomes are anticipated to be better than alternative options should be� rst discussed and agreed upon by the
team managing the patient’s vascular access, including but not limited to the patient and one or more of the following: nephrologist,
interventionalist, surgeon, vascular access coordinator, and cannulation expert, if possible.

Guideline 16. AV Access Infection

Statements: AV Access Infections

Monitoring and Prevention
16.1 KDOQI considers it reasonable to educate the patient on washing the access arm using antiseptic to clean the skin prior to

every cannulation. (Expert Opinion)
16.2 KDOQI considers it reasonable to check the vascular access and surrounding area prior to every cannulation for signs and

symptoms of infection. (Expert Opinion)
Note: This check should be done by patient and cannulator (if patient does not self-cannulate).

Special considerations fromGuideline Statements 11.2, 11.3, and 11.7 are relevant to this section.

Diagnosis
16.3 KDOQI considers it reasonable to use radiologic imaging to help con � rm the diagnosis of AV access infection; however,

physical examination remains the hallmark for assessing for infection. (Expert Opinion)
Note: Radiologic imaging includes duplex ultrasound,± CT scan, PET, and nuclear medicine scans (eg, indium scan).
Note: Signs of infection include erythema, skin breakdown, purulent discharge, and presence of exposed graft.
16.4 KDOQI considers it reasonable to investigate and closely monitor for metastatic complications (eg, endocarditis, spinal

abscesses, septic arthritis) in patients with buttonhole infection from particularly dangerous organisms such as S aureus ,
Gram-negative bacteria, and fungal organisms. (Expert Opinion)

Note: Investigations include 2D echocardiography, MRI, joint aspirate, and other, as appropriate.

Treatment
16.5 KDOQI considers it reasonable to obtain cultures and sensitivities of the blood and any available infected AV access

vessel/material, surrounding tissue, or drainage prior to initiating antibiotic therapy. (Expert Opinion)
16.6 KDOQI considers it reasonable for infected AV access the rapid initiation of empiric broad-spectrum antibiotics and timely

referral to a surgeon knowledgeable in the management of vascular access complications. (Expert Opinion)
16.7 KDOQI considers it reasonable to have strict follow-up of culture results with the appropriate change in antibiotics based

on organism sensitivities, with antibiotic duration according to extent of vascular access infection and surgical interven-
tion. (Expert Opinion)

16.8 KDOQI considers it reasonable that the speci � c surgical treatment for AV access infections (with concurrent antibiotics)
should be based on the patient ’s individual circumstances considering the extent of infection, offending organism, and
future vascular access options. (Expert Opinion)

Summary of Guideline Statements
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Guideline 17. AV Access Aneurysms

Statements: AV Access Aneurysms

Recognition and Diagnosis
17.1 KDOQI considers it reasonable to check AV access for aneurysm/pseudoaneurysms at each dialysis session by knowl-

edgeable care providers, including but not limited to dialysis technicians, nurses, nephrologists, and vascular access
coordinator. (Expert Opinion)

17.2 KDOQI considers it is reasonable to proactively educate patients on emergency procedures for aneurysm rupture and to
obtain proactive surgical assessment when clinical � ndings suggest an AV access aneurysm/pseudoaneurysm to be at risk
of complications. (Expert Opinion)

Note: An aneurysm/pseudoaneurysm that is considered at risk of complications is one with evidence of associated symptoms or skin
breakdown.

17.3 KDOQI considers it is reasonable to obtain emergent surgical assessment and treatment for AV access aneurysm/pseu-
doaneurysm complications such as erosion or hemorrhage. (Expert Opinion)

17.4 KDOQI considers it reasonable to use duplex ultrasound to corroborate the physical examination suggesting an AV access
aneurysm/pseudoaneurysm and to obtain information on the size, presence of stenosis/thrombus, and impact on the AV
access (including � ow rate [Qa] and status of the arterial in � ow and the venous out � ow). (Expert Opinion)

Management
17.5 KDOQI considers it reasonable that the presence of an aneurysm/pseudoaneurysm alone in the absence of symptoms (ie,

asymptomatic) is not an indication for de � nitive treatment. (Expert Opinion)
17.6 KDOQI considers it reasonable to avoid cannulating the access segment(s) that involve the aneurysm/pseudoaneurysm if

there are alternative sites. In the rare scenario where there are absolutely no suitable alternative cannulation sites, the
sides (base) of the aneurysm/pseudoaneurysm should be cannulated (ie, avoid the top). (Expert Opinion)

17.7 KDOQI considers it reasonable to obtain appropriate imaging of the arterial in � ow and venous out � ow to assess volume
� ow or stenotic problems that may need correction prior to or during de � nitive treatment of symptomatic aneurysm/
pseudoaneurysm. (Expert Opinion)

17.8 KDOQI considers it reasonable that surgical management is the preferred treatment for patients with symptomatic, large,
or rapidly expanding AV access aneurysm/pseudoaneurysm (see “Treatment –De� nitive ” below). (Expert Opinion)

17.9 KDOQI considers it reasonable that a de � nitive surgical treatment is usually required for anastomotic aneurysms/pseu-
doaneurysms. (Expert Opinion)

Treatment –De� nitive
17.10 KDOQI considers it reasonable that open surgical treatment should be deemed the de � nitive treatment for AV access

aneurysms/pseudoaneurysms with the speci � c approach determined based on the local expertise. (Expert Opinion)
Note: This approach may include a plan for staged repair of multiple aneurysms to avoid bridging CVCs in the perioperative period.
17.11 KDOQI considers it reasonable to use covered intraluminal stents (stent grafts) as an alternative to open surgical repair of

AV access aneurysms/pseudoaneurysms, only in special circumstances such as speci � c patient contraindication to sur-
gery or lack of surgical option, due to the associated risk of infection in this scenario. (Expert Opinion)

17.12 KDOQI considers it reasonable that, should a stent graft be used to treat AV access aneurysms/pseudoaneurysm, can-
nulation over the stent graft segment be avoided when possible. (Expert Opinion)

Note: The use of stent grafts to manage aneurysms/pseudoaneurysms is not an FDA-approved indication.

Prevention
17.13 KDOQI considers it reasonable that appropriate cannulation techniques should be implemented to reduce the occurrence

of AV access aneurysms/pseudoaneurysms (see Guideline Statement 11 ). (Expert Opinion)

Guideline 18. AV Access Steal

Statements: AV Access Steal
18.1 KDOQI considers it reasonable that strategies to both prevent and treat AV access steal should be developed and

implemented before AV access creation, to reduce the risk of AV access steal and related morbidity, respectively. (Expert
Opinion)

18.2 KDOQI considers it reasonable that post AV access creation, patients should be monitored closely for signs and symptoms
associated with AV access steal and managed appropriately with consideration of individual circumstances as follows
(Expert Opinion) :
� Mild to moderate signs and symptoms require close monitoring for progression of ischemia and worsening of signs and

symptoms
� Moderate to severe signs and symptoms often require urgent treatment to correct the hemodynamic changes and

prevent any longer-term disability

18.3 KDOQI considers it reasonable that patients with signs and symptoms consistent with AV access steal should be referred
urgently to a surgeon/interventionist familiar with the diagnosis and options for the de � nitive treatment of AV access
complications, particularly AV access steal. (Expert Opinion)

18.4 KDOQI considers it reasonable that the optimal treatment of AV access steal should be determined based on the patient ’s
clinical presentation, local expertise, and resources. (Expert Opinion)
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Guideline 19. Other AV Access Complications

Statement: Management of AVG Seroma
19.1 KDOQI considers it reasonable to carefully monitor for complications of AVG seroma and manage based on the patient ’s

individual circumstances and the clinician ’s best judgment and discretion. (Expert Opinion)
Note: Operator’s/clinician’s discretion carefully considers both the patient’s individual circumstances and the operator’s/clinician’s own clinical

experience and expertise (ie, reasonable capabilities and limitations).

Statement: Management of High-Flow AV Access
19.2 KDOQI considers it reasonable to closely monitor and prophylactically manage AV access with high � ows to avoid serious

or irreversible complications (eg, high output cardiac failure), based on the patient ’s individual circumstances and the
clinician ’s best judgment and discretion. (Expert Opinion)

Note: Operator’s/clinician’s discretion carefully considers both the patient’s individual circumstances and the operatot’s/clinician’s own clinical
experience and expertise (ie, reasonable capabilities and limitations).

Note: Close monitoring refers to physical examination and history on routine dialysis rounds and determination of Qa/CO every 6-12 months,
or more frequently as needed.

Guideline 20. Treatment and Prevention of CVC Complications

Statement: Monitoring/Surveillance of CVC Complications
20.1 KDOQI considers it reasonable to perform a basic medical history focused on signs and symptoms of CVC-related com-

plications (eg, dysfunction, infection) and physical examination or check of the dialysis catheter, exit site, tunnel, and
surrounding area at each catheter dressing change or dialysis session. (Expert Opinion)

Guideline 21. Catheter Dysfunction

Statement: De � nition of CVC Dysfunction
21.1 KDOQI considers it reasonable to assess for CVC dysfunction during each HD session using the following updated

de� nition of CVC dysfunction: failure to maintain the prescribed extracorporeal blood � ow required for adequate hemo-
dialysis without lengthening the prescribed HD treatment. (Expert Opinion)

Statements: Pharmacologic Prevention of CVC Dysfunction

CVC Connectors to Prevent CVC Dysfunction or Bacteremia
21.2 KDOQI considers it reasonable to have an individualized approach to use special CVC connectors based on the clinician ’s

discretion and best clinical judgment. (Expert Opinion)
21.3 KDOQI considers it reasonable to use an antimicrobial barrier cap to help reduce CRBSI in high-risk patients or facilities;

the choice of connector should be based on clinician ’s discretion and best clinical judgment. (Expert Opinion)

Intraluminal Agents to Prevent CVC Dysfunction
21.4 KDOQI considers it reasonable that the choice to use citrate or heparin as a CVC locking solution be based on the cli-

nician ’s discretion and best clinical judgment, as there is inadequate evidence to demonstrate a difference in CVC survival
or complications between these locking solutions. (Expert Opinion)

21.5 KDOQI suggests the use of low-concentration citrate ( <5%) CVC locking solution, if feasible, to help prevent CRBSI and
CVC dysfunction. (Conditional Recommendation, Low Quality of Evidence)

21.6 KDOQI suggests that TPA may be prophylactically used as a CVC locking solution once per week to help reduce CVC
dysfunction. (Conditional Recommendation, Low Quality of Evidence)

21.7 There is inadequate evidence for KDOQI to make a recommendation on the comparative use of the following CVC locking
agents for CVC dysfunction or infection prophylaxis: tinzaparin versus unfractionated heparin, taurolidine/citrate versus
heparin with or without gentamicin, neutral valve connector (Tego [ICU Medical]) versus citrate (46.7 %) locking solution.

Systemic Agents to Prevent CVC Dysfunction
21.8 KDOQI recommends against the routine use of prophylactic systemic anticoagulants (eg, warfarin) for the sole purpose of

maintaining or improving CVC patency, as there is inadequate evidence of bene � t for CVC patency but suggestion of
increased risk of harm. (Conditional/Strong Recommendation, Low Quality of Evidence)

21.9 KDOQI suggests that low-dose aspirin may be used to maintain tunneled CVC patency in patients with low bleeding risk.
(Conditional Recommendation, Low Quality of Evidence)

Note: CVC refers to tunneled hemodialysis CVCs unless otherwise speci� ed.

Guideline 22. Treatment and Management of CVC Dysfunction

Statements: Medical Management of CVC Dysfunction

Conservative Maneuvers
22.1 KDOQI considers it reasonable for a conservative bedside approach to managing CVC dysfunction prior to other medical

or mechanical interventions. (Expert Opinion)

Summary of Guideline Statements
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Pharmacologic Maneuvers
22.2 KDOQI recommends intraluminal administration of a thrombolytic agent in each CVC port to restore function

of dysfunctional CVCs due to thrombosis. (Conditional Recommendation, Moderate Quality of Evidence)
22.3 KDOQI recommends the use of alteplase or urokinase plus citrate 4 % per limb for restoring intraluminal CVC blood � ow in

an occluded CVC. (Conditional Recommendation, Moderate Quality of Evidence)
22.4 KDOQI suggests intraluminal administration of alteplase 2 mg in preference to alteplase 1 mg in each CVC port to restore

function of dysfunctional CVCs due to thrombosis. (Conditional Recommendation, Moderate Quality of Evidence)
22.5 KDOQI suggests administering alteplase by the dwell or push method to treat CVC dysfunction. (Conditional Recom-

mendation, Low Quality of Evidence)

Statements: Mechanical Management of CVC Dysfunction
22.6 KDOQI considers it reasonable that the decision to perform � brin sheath disruption during CVC exchange for CVC

dysfunction be based on the operator ’s discretion and best clinical judgment. (Expert Opinion)
22.7 There is inadequate evidence for KDOQI to make a recommendation on the ef � cacy of or method of � brin sheath

disruption based on CVC patency outcomes.
22.8 KDOQI considers it reasonable that CVC removal followed by replacement at a different site should be the last resort after

conservative, medical, and other mechanical (eg, angioplasty, CVC exchange) strategies have all failed to treat CVC
dysfunction. (Expert Opinion)

Guideline 23. Catheter-Related Infection

Statements: De � nitions of Catheter-Related Infections
23.1 KDOQI considers it reasonable to consistently use standardized de � nitions for CVC-related infections to allow for com-

parisons across programs/jurisdictions. (Expert Opinion)
23.2 KDOQI considers it reasonable to use the KDOQI VA-2019 de � nitions of CVC-related infections ( Tables 23.1 and 23.2),

which consider the unique circumstances of a hemodialysis patient. (Expert Opinion)
Note: In order to harmonize de� nitions, the KDOQI VA-2019 de� nitions encompass those of other organizations.

Guideline 24. Prevention of CVC-Related Infection

Statement: General Prevention of CVC Infection and Use of Infection Surveillance Programs and Infection Control Teams
24.1 KDOQ considers it reasonable for an infection control program to include an infection surveillance team to monitor, track

(in an electronic database), help prevent, and evaluate outcomes of vascular access infections and, in particular, CVC-
related infections. (Expert Opinion)

Speci � c Prevention of CVC Infection
Routine monitoring per Guideline 20.1 is required for the prevention of CVC complications, including CVC-related infections.

Statement: Surveillance of CVC Colonization and Preemptive CRBSI Management
24.2 There is inadequate evidence for KDOQI to support routine CVC surveillance cultures for colonization and subsequent pre-

emptive antibiotic lock installation if culture is positive.

Statements: Methods to Prevent CRBSI

Extraluminal Strategies

See Guidelines 11, 21, and 24 on“CVC System Connect and Disconnect Procedure Considerations” and section on“Prevention of CVC
Dysfunction.”

Intraluminal Strategies
24.3 KDOQI suggests that the selective use of speci � c prophylactic antibiotic locks can be considered in patients in need of

long-term CVC who are at high risk of CRSBI (eg, multiple prior CRSBI), especially in facilities with high rates of CRBSI
(eg, >3.5/1,000 days). (Conditional Recommendation, Low-Moderate Level of Evidence)

Note: Under these circumstances and given the current data, KDOQI considers it reasonable for prophylactic use of speci� c antibiotics:
cefotaxime, gentamicin, or cotrimoxazole (TMP-SMX). KDOQI cannotsupport the routine prophylactic use of antibiotic locks with very low
supporting evidence (Table 24.1).

24.4 KDOQI suggests that the selective use of speci � c prophylactic antimicrobial locks can be considered in patients in need of
long-term CVC who are at high risk of CRSBI, especially in facilities with high rates of CRBSI (eg, >3.5/1,000 days).
(Conditional Recommendation, Low-Moderate Quality of Evidence)

Note: Under these circumstances and given the current data, KDOQI can support the prophylactic use of methylene blue. KDOQI cannot
support the routine prophylactic use of antimicrobial locks with very low supporting evidence (Table 24.1).
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24.5 KDOQI suggests that the selective use of once weekly prophylactic CVC locking with thrombolytic agent (recombinant
TPA) can be considered in patients in need of long-term CVC who are at high risk of CRSBI, especially in facilities with high
rates of CRBSI (eg, >3.5/1,000 days). (Conditional Recommendation, Moderate Quality of Evidence)

Note: Under these circumstances and given the current data, KDOQI can support the prophylactic use of recombinant TPA.
Note: High-risk patients refers to those with prior multiple CRSBI, S aureus nasal carriers.

Guideline 25. Treatment of CVC-Related Infection

Statement: Management of the Patient With a CVC-Related Infection
25.1 KDOQI considers it reasonable and necessary to obtain appropriate cultures prior to initiating empiric antibiotics for the

treatment of suspected CVC-related infection, with a change in antibiotics according to culture sensitivities. (Expert
Opinion)

Statement: Management of the CVC in a Patient With a CVC-Related Infection
25.2 KDOQI considers it reasonable to have an individualized approach to the management of an infected catheter based on

the patient ’s health, dialysis, and vascular access circumstances and should follow the detailed guidance. Options include
CVC exchange via guidewire, CVC removal and reinsertion, CVC salvage, and concurrent antibiotic lock (particularly if the
CVC is deemed to be the patient ’s � nal access). (Expert Opinion)

Note: See Detailed Justi� cation section for detailed guidance.

Guideline 26. Other Vascular Access-Related Complications

Statement: Treatment and Intervention of Asymptomatic Central Venous Stenosis Without Clinical Indicators
26.1 KDOQI considers it reasonable that if asymptomatic central venous stenosis (without clinical indicators) is identi � ed and/

or associated with the prior or current presence of a CVC, it should not be treated. (Expert Opinion)
See Table 26.1 for clinical indicators of central venous stenosis.

Statement: Investigation and Treatment of Symptomatic Central Venous Stenosis With Clinical Indicators
26.2 Same as guidelines for “AV Access Flow Dysfunction –Con� rmation And Treatment ”
See Guideline 15. See Table 26.1 for clinical indicators of central venous stenosis.

Statement: Management of CVC Fibrin Sheath Associated With Clinical Problems
26.3 KDOQI considers it reasonable that when a CVC � brin sheath is associated with adverse clinical manifestations (CVC

dysfunction and/or infection), a CVC exchange with or without balloon disruption of the � brin sheath should be performed.
(Expert Opinion)
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Guideline 1. Patient First: ESKD Life-Plan
KDOQI CLINICAL PRACTICE GUIDELINE FOR VASCULAR ACCESS
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Guideline 1. Patient First: ESKD Life-Plan
Please refer toBox 1to understand the evidence basis
the Guideline Statements.

Note: When a statement indicates that ÒThere is i
for KDOQI to make a recommendation,Ó the Work G
any recommendation, suggestion, or other evidence
either direction) based on the very low, low, or inad
evidence amassed by the ERT.

Note: Expert opinion statements that allow for the
nicianÕs discretion and best clinical judgmentÓ mean
no rigorous evidence to recommend a therapy, dev
another. The Work Group expects ERT-derived evide
will ultimately replace expert opinionÐbased statemen
evidence becomes available. The clinicianÕs discret
both the patientÕs individual circumstances and the c
experience and expertise (ie, reasonable capabilities

Statements: ESKD Life-Plan and Vascular Access
Choice

1.1 KDOQI considers it reasonable that each patie
with progressive CKD and/or with an eGFR 15-20
mL/min/1.73 m 2 or already on kidney replace-
ment therapy should have an individualized ESK
Life-Plan that is regularly reviewed, updated, and
documented on their medical record.(Expert Opinio

1.2 KDOQI considers it reasonable to conduct a
annual review and update of each patientÕs ind
vidualized ESKD Life-Plan, together with their
health care team.(Expert Opinion)

1.3 KDOQI considers it reasonable that, in addition to
regular monitoring, a minimum quarterly overall
review and update of each patientÕs vascular ac
functionality, complication risks, and potential
future dialysis access options be done together wi
their health care team.(Expert Opinion)

Rationale/Background

Who Needs Consideration for Hemodialysis
Vascular Access?
Patients with chronic kidney disease (CKD) who are e
preparing to initiate hemodialysis (predialysis), tr
sitioning from another kidney replacement moda
(peritoneal dialysis [PD] or failing/failed kidney tran
plant), or are already on hemodialysis with a failing a
riovenous (AV) access or hemodialysis catheter (CVC
need considerationfor hemodialysis vascular access.

However, the actual needfor hemodialysis vascul
access (vs a peritoneal dialysis access or preparat
kidney transplantation) depends on the patientÕs c
individualized End-Stage Kidney Disease (ESKD) Lif
and the corresponding kidney replacement therapy (K
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modality choice and dialysis access (below).No decision ab
a single vascular access creation or placement sho
isolation or independent of the patient’s overall ESKD.15

What Is the ESKD Life-Plan?
The ESKD Life-Plan is a strategy for living with E
ideally made together by the patient and a coordin
CKD management team. For the purposes of dialys
cess, this team should include but is not limited to
following professionals and supportive memb
nephrologist, surgeon, radiologist, nurse, patient fa
member, or other supporter. The ESKD Life-Plan
strategy that should start in the predialysis period
encompasses a continuum-of-care model for CKD
ESKD. It aims to maximize ESKD modality choice
utilization for a speciÞc patientÕs foreseeable lifespa
speciÞcally considers the patientÕs current medical
tion, current and future life goals, preferences, so
support, functional status, and logistics and other p
tical feasibilities.16

The ESKD Life-Plan maps out an individualized pla
ESKD modalities for a patient; in doing so, the dia
access strategy is concurrently considered (Fig 1.1). It is an
iterative process because events occur in oneÕs life th
change the patientÕs medical, social, and other lif
cumstances and goals, with corresponding alteratio
the patientÕs ESKD Life-Plan.

Detailed Justi � cation
Prior guidelines and initiatives have emphasized a ÒÞ
ÞrstÓ approach to vascular access choice due to
ÞstulaÕs (AVFÕs) associations with superior paten
lower complications compared with other vascular ac
types.13,17 However, more recent data have challen
these associations because of the high complication ra
AVF maturation failure requiring interventions a
therefore, have prompted a re-evaluation of this Fi
First approach.18-23 A patient-centered approach to h
modialysis vascular access that considers multiple a
of a patientÕs needs and dialysis access eligibility ha
emphasized.20,24-27 Vascular access remains a signiÞ
challenge for patients with ESKD—we need to be creativ
in not only thinking about how to prepare for, create, a
preserve durable long-term access butequally importan
proactive in planning for the protection, creation, and
NEXT vascular access, long before the current one fa. This chain of
careful, continual consideration of modalities and dia
access lifelines as it pertains to the individual pati
circumstances, needs, and preferences is the essenc
ESKD Life-Plan.

Special Discussions
This concept of the ESKD Life-Plan relies on clear, ti
and effective communication between the patient and
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Guideline 1. Patient First: ESKD Life-Plan
family/personal supporters and key team members
such, a kidney replacement modality and dialysis a
short- and long-term plan (ESKD Life-Plan) should
updated on a regular basis. The frequency of re-evalu
depends on the patientÕs circumstances, but a min
annual basis is expected.
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Implementation Considerations

Choice of Dialysis Access
Because the dialysis access strategy reßects the ES
Plan, whereby the appropriate dialysis access aligns
the modality for kidney replacement therapy (dialysi
transplant), it must be individualized to help each pat
achieve his or her life goals safely.

For example, a young active predialysis patient
residual kidney function might best initiate periton
dialysis with a PD catheter, in anticipation of a liv
donor kidney transplant; because that transplant even
fails, this patient will receive a native AVF in view
starting home hemodialysis, and so on. In contras
older, more medically complex but functionally ac
patient may have started hemodialysis urgently wi
central venous catheter, with plans to have a native
created, with a back-up plan of a synthetic arteriove
graft (AVG) if the AVF fails to mature in a timely fash
to avoid prolonged CVC dependence. Finally, a pall
patient may best be served with an early cannulation
or CVC for shorter-term hemodialysis.

Guidance is provided byFigs 1.1 through 1.6.
Figure 1.1. ESKD and Dialysis Access Life Plan:What’s the P-L-A-N
replacement therapy.
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Another supportive tool to help guide the choice
vascular access based on patient and vessel charact
circumstances is available atwww.myvascularaccess.com.
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Monitoring and Evaluation
Attainment of the Òright access, in the right patient, a
right time, for the right reasonsÓ is a more pati
centered approach to care, where population meas
such as percentage with AVF created or used, or the
centage with hemodialysis CVCmay be unhelpfuland coun
terproductivefor patient-centered goals.

How does one achieve Òthe right access, in the
patient, at the right time, for the right reasonsÓ? The W
Group suggests considering (1) the patient Þrst, follo
by (2) dialysis access needs—this is done by creating the
individual P-L-A-N. SeeFig 1.1.

Concurrently, there must always be a Vessel P
vation Plan, to ensure viability for future access. Th
fore, for each vascular access, the Access Needs
include 4 plans: the Vessel Preservation, Insertion/C
tion, Contingency, and Succession plans. This com
hensive plan for a patientÕs access needs c
remembered asViP ACCeS plans: Vesselimportant Preser-
vation, AccessCreation, Contingency, andESKD acces
Succession plans.

A number of measures can be used to monitor a dia
facility, including the percentage of patients with aP-L-A-
N on record.

SpeciÞc measures for each vascular access type
found in Goals and Targetssection of this document.
? Abbreviations: HD, hemodialysis; PD, peritoneal dialysis; KRT, kidney
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Figure 1.2. The pre-KRT patient being considered for hemodialysis. Abbreviations: AV, arteriovenous; AVF, arteriovenous� stula; CVC, central
venous catheter; HD, hemodialysis; KRT, kidney renal replacement therapy; PD, peritoneal dialysis.
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Figure 1.3. The patient is already on hemodialysis with a CVC. Abbreviations: AV, arteriovenous; CVC, central venous catheter.
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Figure 1.4. The patient is already on hemodialysis with a failing AV access. Abbreviations: AV, arteriovenous; AVF, arteriovenous� stula; CVC, central
venous catheter.
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Figure 1.5. The peritoneal dialysis patient is being considered for HD. Abbreviations: AV, Arteriovenous; AVF, Arteriovenous� stula; CVC, Central
venous catheter; HD, hemodialysis.
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Figure 1.6. The transplant patient is being considered for HD. Abbreviations: AV, arteriovenous; AVF, arteriovenous� stula; CVC, central venous
catheter; eGFR, estimated glomerular� ltration rate; HD, hemodialysis; RRT, renal replacement therapy.

Guideline 2. Vascular Access Types
Who Should Update the ESKD Life-Plan and
Associated Dialysis Accesses?
Ideally, the ESKD Life-Plan should be discussed wi
patient within a multidisciplinary team framewo
(nephrologist, surgeon, interventionalist). If not feasi
the nephrologist should discuss modality options with
patient, with referral to surgeon/interventionalist for inp
on the appropriate dialysis access that corresponds
chosen KRT modality.

Who Should Document the ESKD Life-Plan and
Associated Access Changes?
The documentation of the ESKD Life-Plan should b
responsibility of the nephrologist and accompany the
tientÕs medical record/chart.

A sample template can be found inSupplement 2:
ESKD Life Plan—Patient-Physician Share
Documentation.
lu
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Future Research
The use of the ESKD Life-Plan strategy must be eva
Key outcomes should include

� Patient satisfaction with the dialysis access, us
validated instrument

� Rate of unnecessary dialysis access creations/plac
� Rate of vascular access procedures
� Rate of vascular access infections
� Rate of vascular access–related hospitalizations
� Patient burden, which may include all of the ab

components
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Guideline 2. Vascular Access Types
Please refer toBox 1to understand the evidence basis
the Guideline Statements.

Note: When a statement indicates that ÒThere is i
for KDOQI to make a recommendation,Ó the Work G
any recommendation, suggestion, or other evidence
either direction) based on the very low, low, or inad
evidence amassed by the ERT.

Statements: AV Access: Indications for Use

2.1 KDOQI considers it reasonable to have an AV a
cess (AVF or AVG) in a patient requiring HD, when
consistent with their ESKD Life-Plan and overa
goals of care.(Expert Opinion)

Note: See speciÞc sections on incident and preva
choice of AV access type and their appropriate
ated.

g a

ments

Statements: Central Venous Catheters (CVC):
Indications for Use

2.2 KDOQI considers it reasonable in valid clinica
circumstances to use tunneled CVCs for short-ter
or long-term durations for incident patients, as
follows (Expert Opinion):

Short-term duration:

� AVF or AVG created but not ready for use an

dialysis is required
� Acute transplant rejection or other complica-

tions requiring dialysis
S39



-

m
io),
.

t
n

s

e
-

K
e

t

a

ra
-

n
t

t
le
n

s

n

racteristics, patient
preference.

atures and is used
rventions, such as

ion is acceptable and

ts
r
f

l
Evidence)

e
r
se

e
r

ons

e

or

d
e

-

e
ss
n
a-

D
r-

ith

l
le

Guideline 2. Vascular Access Types
� PD patient with complications that require
time-limited peritoneal rest or resolution of
complication (eg, pleural leak)

� Patient has a living donor transplant conÞrmed
with an operation date in the near future (eg,<90
days) but requires dialysis

� AVF or AVG complication such as major inÞl
tration injury or cellulitis that results in tem-
porary nonuse until problem is resolved

Note: In special, limited circumstances where te
required to manage a vascular access complicat<2 weeks
it may be acceptable to use a nontunneled CVC

Long-term or indeÞnite duration:
� Multiple prior failed AV accesses with no avail-

able options (see anatomic restrictions below)
� Valid patient preference whereby use of an AV

access would severely limit QOL or achievemen
of life goals and after the patient has bee
properly informed of patient-speciÞc risks and
beneÞts of other potential and reasonable acce
options for that patient (if available)

� Limited life expectancy
� Absence of AV access creation options due to

combination of inßow artery and outßow vein
problems (eg, severe arterial occlusive diseas
noncorrectable central venous outßow occlu
sion) or in infants/children with prohibitively
diminutive vessels

� Special medical circumstances

Statements: Vascular Access for Incident Patients

The statements below are in the context of the ES
associated Access Algorithms and their consid
patient comorbidities, circumstances, etc (Figs 1.1-1.6).

2.3 KDOQI suggests an AV access (AVF or AVG)
preference to a CVC in most incident and prevalen
HD patients due to the lower infection risk asso-
ciated with AV access use.(Conditional Recommend
Low Quality of Evidence)

2.4 KDOQI considers it reasonable that the choice of
AV access (AVF or AVG) be based on the ope
torÕs/clinicianÕs best clinical judgment that con
siders the vessel characteristics, patie
comorbidities, health circumstances, and patien
preference.(Expert Opinion)

2.5 KDOQI suggests that if sufÞcient time and patien
circumstances are favorable for a mature, usab
AVF, such a functioning AVF is preferred to a
AVG in incident HD patients due to fewer long-
term vascular access events (eg, thrombosis, lo
of primary patency, interventions) associated
with unassisted AVF use.(Conditional Recomme
tion, Low Quality of Evidence)
S40
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Note: Patient circumstances refer to vessel cha
comorbidities, health circumstances, and patient

Note: Unassisted AVF use refers to an AVF that m
without the need for endovascular or surgical inte
angioplasty. A preplanned vessel superÞcializat
not considered an additional intervention.

2.6 KDOQI suggests that most incident HD patien
starting dialysis with a CVC should convert to eithe
an AVF or AVG, if possible, to reduce their risk o
infection/bacteremia, infection-related hospitali-
zations, and adverse consequences.(Conditiona
Recommendation, Very Low-Moderate Quality of

2.7 There is inadequate evidence for KDOQI to mak
recommendations on choice of incident vascula
access type based on associations with all-cau
hospitalizations or mortality.

2.8 There is inadequate evidence for KDOQI to mak
a recommendation on choice of AVF vs AVG fo
incident vascular access based on associati
with infections, all-cause hospitalizations, or
patient mortality.

2.9 There is inadequate evidence for KDOQI to mak
a recommendation for incident HD patients using
a CVC on converting to an AV access (AVF
AVG) within the Þrst year of dialysis initiation,
solely to reduce their risk of mortality.

2.10 KDOQI considers it reasonable to use tunnele
CVC in preference to nontunneled CVC due to th
lower infection risk with tunneled CVC. (Expert
Opinion)

2.11 KDOQI considers it reasonable to use non
tunneled internal jugular CVC only for tempo-
rary purposes for a limited time period (<2
weeks or per individual facility policy) to limit
infection risk. (Expert Opinion)

Statements: Vascular Access in Prevalent HD
Patients

2.12 There is inadequate evidence for KDOQI to mak
a recommendation on the type of vascular acce
preferred in prevalent HD patients based o
vascular access outcomes, patient hospitaliz
tions, or mortality.

2.13 KDOQI considers it reasonable that prevalent H
patients use an AV access (AVF or AVG) in prefe
ence to a CVC, if possible, due to the association w
lower vascular access–related events (eg, infection,
thrombotic, and nonthrombotic complications).
(Expert Opinion)

2.14 KDOQI considers it reasonable that if clinica
circumstances are favorable for a mature, usab
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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Guideline 2. Vascular Access Types
AVF, such a functioning AVF is preferred to AV
in prevalent HD patients.(Expert Opinion)

Note: Clinical circumstances refer to patientÕs ve
comorbidities, health circumstances, potential
CVC use, and patient preference.

2.15 KDOQI considers it reasonable in valid clinica
circumstances to use tunneled CVCs for short-ter
or long-term durations in prevalent dialysis pa-
tients, as follows(Expert Opinion):

Short-term duration:
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� AVF or AVG created but not ready for use an
dialysis is required

� Acute transplant rejection or other complica-
tions requiring dialysis

� PD patient with complications that require
time-limited peritoneal rest or resolution of
complication (eg, pleural leak)

� Patient has a living donor transplant conÞrmed
with an operation date in the near future (eg,<90
days) but requires dialysis

� AVF or AVG complication such as majo
inÞltration injury or cellulitis that results in
temporary nonuse until problem is resolved

Note: In special, limited circumstances where te
required to manage a vascular access
(eg,<2 weeks), it may be acceptable to use a no

Long-term or indeÞnite duration:
� Multiple prior failed AV accesses with no

available options (see anatomic restriction
below)

� Valid patient preference whereby use of an AV
access would severely limit QOL or achieve
ment of life goals and after the patient has bee
properly informed of patient-speciÞc risks and
beneÞts of other potential and reasonable ac
cess options for that patient (if available)

� Limited life expectancy
� Absence of AV access creation options due to

combination of inßow artery and outßow vein
problems (eg, severe arterial occlusive diseas
noncorrectable central venous outßow occlu
sion) or in infants/children with prohibitively
diminutive vessels

� Special medical circumstances

Rationale/Background

Incident Patients
Ideally, a CKD patient will have been properly educ
about KRT modalities and will have made an infor
choice in a timely manner to allow for planned HD s
with the appropriate dialysis access—to achieve the right
in the right patient, at the right time, for the right reaso. However,
prior to executing the planto create or insert the chos
vascular access, the Òcontingency access pla
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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a

,

ted
ed
rt

ccess,
s

n
and

succession strategyÓ for the chosen dialysis access
considered that incorporates the patientÕs various
Life-Plan options (Guideline 1). The contingency plan is
plan to remediate a problematic or failing dialysis ac
and the succession strategy is the preparation and pla
of the next dialysis access so that it can be used whethe
current one fails, to ensure continual functioning dial
access throughout the patientÕs life.

Incident dialysis patients are often overwhelmed
dialysis initiation and the lifestyle changes required. I
dialysis initiation is urgent or emergent, the patient may
have had a choice of vascular access and initiated with
However, once circumstances are stabilized, long-
vascular access must be carefully considered and pu
The long-term choice of vascular access should consid
patientÕs current and future ESKD Life-Plan (Guideline 1).

Given these considerations, we recognize that
guidelines generally supported the notion that the AVF
associated with improved outcomes (superior pate
lower complications, lowest cost)13 compared with an AVG
or CVC. The previous guideline statements were bas
older evidence and analytic concepts. We now recogniz
signiÞcant biases associated with the prior data, given
data and analytic considerations. As an example,
patency comparisons of AVFs versus AVGs evaluate
AVFs that were successfully used and excluded AVFs t
primary failure or were abandoned without use.28,29,30 The
impact of concluding AVF ÒsuperiorityÓ led to the cre
of many AVFs that were not usable for dialysis31-33. Any
vascular access not usable for dialysis should be consi
complication attributable to that vascular access. Thu
bias in analysis affects the Þndings of superiority of
AVF patency and complication rate. Additionally, mul
biases exist in comparisons of CVC with either an AV
AVG.34-36 The most apparent is the selection bias foun
patients who have signiÞcant comorbidity and poor ve
who may not be eligible for an AV access or for whom t
social, functional, or other circumstances are so poor th
emergent dialysis start with CVC is necessary—these con-
founding factors may be the very factors responsibl
poor outcomes and not necessarily the use of the CVC
The repercussions of such biases are many, includin
potentially misleading association of mortality and VA t
with CVC associated with the worse mortality. Althou
indeed, each VA type has unique advantages and
advantages—and the disadvantages of CVC may contri
to poor patient outcomes—the true magnitude of this effe
is not certain in view of the selection bias and confoun
effects inherent in the observational data that informe
previous guidelines.

The past decade has brought insight regarding the eff
changing patient characteristics; health care environm
processes, measurements and deÞnitions surrounding d
delivery; and data analytic techniques—all of which inßuence
hemodialysis vascular access choice and manageme
Guideline attempts to consider these insights and bring a
slate to revisit vascular access choice and managemen
S41
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Table 2.1. Access Type Comparison Studies Reviewed

Comparison
Number of
Studies References

AVF or AVG vs CVC 19 37-39,41-

44,46,49,50,55,56,60-

63,65,66

AVF vs AVG 8 18,21,30,40,41,45,53,54,59

AVG (thigh) to CVC 1 58

AVF (upper extremity) vs AVG
(lower extremity)

1 47

No change in access type vs
change in access type

4 51,52,57,64

Abbreviations: AVF, arteriovenous� stula; AVG, arteriovenous graft; CVC,
central venous catheter.

Guideline 2. Vascular Access Types
Guideline 3will discuss the location or site of vascu
access creation/insertion after the type of vascular ac
chosen.

Studies Evaluated for Incident and Prevalent
Patients
These guidelines reviewed 33 reports of 32 observat
studies evaluating different vascular access types in in
and prevalent patients using prospectively collected
from clinical or administrative databases or regist
however, no RCTs met predeÞned search criteria relev
this Guideline (Supplement 3, Table S1).18,21,30,37-66 The
references to these studies are summarized inTable 2.1.

In addition, 4 studies were superseded by other stu
using a more recent series of the same cohort and rep
the same outcomes38,41,44,62; 7 studies contributed less th
3% to the total population for a speci
comparison37,40,45,46,49,54,63; and 6 studies had high risk
bias.21,30,43,47,58,64 Data from those studies were n
extracted or used in analysis. Thus, data from 16 st
were extracted and analyzed (Supplement 3, Tables S2and
S4). Although the ERT attempted to pool data for analys
provide information to make recommendations, it may
have been possible due to differences in outcome d
tions. For example, in comparisons between AV a
types, there was variation in the start time for time-to-e
analysis (eg, patency calculation) such that some an
started (t = 0) when the vascular access was succes
cannulated and used but others started (t = 0) at the time of
creation. As discussed, such methodologic difference
important to consider when interpreting the data.

Detailed Justi � cation

Vascular Access in Incident Patients
Four studies48,55,56,65 (total n = 570,003 incident HD pa
tients) reported on the associations of vascular acces
and bloodstream infection or mortality. Bloodstream
fections were signiÞcantly lower among patients startin
with an AVF (6.4%) versus a CVC (15%) (hazard ratio [
0.28; 95% conÞdence interval [CI], not reported;P< 0.001;
unadjusted relative risk [RR], 0.43; 95% CI, 0.38-0.48
S42
ar
ss is

nal
ident
data
ies;
nt to

ies
rting
n
c
f
t
dies

s to
ot
Þni-
cess
ent
lyses
fully

are

type
n-
HD
R],

or

an AVG (7.5%) versus a CVC (15%) (HR, not reportedP<
0.001; unadjusted RR, 0.50; 95% CI, 0.41-0.60).65

Although AVF or AVG was associated with lo
mortality compared with CVC (Fig 2.1), the evidence
quality was low with moderate risk of bias; thus, choic
vascular access type should not be based on mortali
associations alone.

This caution holds true even when considering age
effect modiÞer. Three studies examined 127,389 inciden
patients, focusing on mortality outcomes among older
tients.42,61,66 Mortality was signiÞcantly lower with an A
or AVG versus a CVC among patients<80 years old; Þnding
were inconsistent in analysis of patients>80 years old.

Tables of studies, evidence quality, and risks of bia
provided inSupplement 3, Tables S1-S7.

Vascular Access in Prevalent Patients
Three studies enrolled a total of 82,657 prevalent HD
tients with at least 12 months of follow-up from the Unit
States, Spain, and Scotland.39,50,60 The quality of evidenc
was insufÞcient to determine associations between va
access type and hospitalizations or mortality. Only 1 s
reported primary patency,60 which was described as ÒÞ
vascular access eventÓ: 86% for AVF, 51% for AVG
56% for CVC at 1 year (P < 0.001).60 However, the
reporting of vascular access events was rated as
moderate risk of bias. Furthermore, there were no de
on whether vascular accesses were Þrst or subsequ
cesses and practice patterns have since changed (pr
cohort began treatment 1999-2001 in the study by Port
et al60). Thus, the Work Group decided against mak
KDOQI recommendations based on these data. R
studies have highlighted concerns of selection bias a
potential impact on outcomes.19,34,35,67-69

In speciÞc comparisons of AVF versus AVG, va
access events (thrombosis, AVG repair, or hospitaliz
for a vascular access problem [unadjusted RR, 0.27
CI, 0.20-0.36] in Portoles et al60 or for any cause [HR
0.81; 95% CI, 0.79-0.83] in Lacson et al,50 were lower
with an AVF than an AVG. Mortality was also lower
an AVF than an AVG (HR, 0.89; 85% CI, 0.84-0.93
Lacson et al.50 Again, due to the poor quality of the ev
dence, the Work Group decided against making KD
recommendations based on these data.

Tables of studies, evidence quality, and bias are
vided inSupplement 3, Tables S1-S4andS10.

The quality concerns noted by the ERT are further
ported by recent studies highlighting the considerable b
in prior studies comparing vascular access types, va
access complications, and patient outcomes.34-36,67-69 The
uncertainty generated by the observational data informe
Work Group in reframingthe previous 2006 KDOQ
guideline and is reßected by the following:

1) The differences in AVF and AVG patency are unc
and depend on the starting time of analysis, as o
nally noted in early observations of AVF patenc70
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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Mortality AVF/AVG versus CVC among Incident patients

0.5 0.75 Fistula or Graft
Graph Generated by Distiller SR

Catheter 1.25
1.0

Study Name

Malas 2015

Moist 2015

Kanza 2016

Not pooled

HR LCL UCL

0.69 0.68 0.70

0.63 0.57 0.69

0.56 0.46 0.63

0 0 0

Figure 2.1. Hazard ratio for mortality with AVF or AVG versus catheter among incident HD patients. When HRs were reported as catheter versus
AVF/AVG, ratios were inverted for consistency within display. Data were not pooled but are presented here for display only. Plot was made using
DistillerSR Forest Plot Generator from Evidence Partners. Abbreviations: AVF, arteriovenous� stula; AVG, arteriovenous graft; HR, hazard ratio;
LCL, lower con� dence limit; UCL, upper con� dence limit.

Guideline 2. Vascular Access Types
Subsequent studies have demonstrated equivale
AVF and AVG patency.30,71-73

2) There are few RCTs informing the comparisons of
versus AVG; those that have been done in
demonstrate that there may be beneÞt of A
including in patients with poor vessels and gre
comorbidity than in those with AVF.74,75

3) The statement that AVFs may have fewer complica
compared with AVGs may not be generalizable t
AVFs and AVGs and may further depend on
constitutes a complication. The increase in AVF cre
has identiÞed a signiÞcant and variably high rate o
failure to mature or nonusability for dialysis (20
60%).14,17,24,30,33,76,77 This nonusability for dialys
should be considered a complication, particul
because it requires interventions (eg, angiopla
balloon-assisted maturation [BAM], ligations, etc
facilitate its use and/or CVC insertion if dialysis
needed. Any need for an unintended intervent
including CVC insertion, should be considere
complication. This is well known for AVG thrombo
and the required corrective interventions (angiopla
thrombectomy, or surgical revision). In general, co
plications occur early in AVFs and later in AVGs—the
total rate of complications for AVFs or AVGs has
been compared. This is particularly important w
considering the required lifespan of an AV acce
serve the patient, according to their ESKD Life-Pla
case examples.
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Special Discussions
When analyzing vascular access outcomes, it is import
clarify the Òincident/prevalentÓ designation. In s
studies, the Òincident/prevalentÓ status refers to thepatient
status—notthe vascular access status. The vascular
used in an incident dialysis patient may not necessarily
it was the patientÕs Þrst access. For example, an i
patient starting dialysis with a CVC may have had a
failed AVF. Similarly, an incident HD patient using an
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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may have had a prior failed AVF; the behavior of a Þrst v
a subsequent access and the impact on the patient may

Clearly, the implications of both the patient status
incident or prevalent on dialysis) and of the vasc
access (as Þrst or subsequent) are related; however
relative contributions to the outcome of interest are
clear and likely to depend on clinical circumstances
example, at time of analysis, a prevalent hemodia
patient who has a successful functioning AVF as
ÒÞrstÓ vascular access is different than a prevalent
patient who has had multiple failed AVFs and is
analyzed with a CVC as the ÒprevalentÓ (or Ò
quentÓ) vascular access—both patient and vascular acc
outcomes would likely differ, even though they are b
considered Òprevalent.Ó These analyses do not p
information in that regard, and the associative Þnd
should be considered in that light.

To further complicate matters, the deÞnitions
important vascular access outcomes (such as Òpa
have been highly inconsistent, making it challenging, if
impossible, to make valid comparisons between vas
access types and between studies.1,78 For example, as di
cussed under vascular access for incident patients,
patency comparisons of AVFs versus AVGs evaluate
AVFs that were successfully used and excluded AVF
had primary failure or were abandoned without use.29,33

The impact of concluding AVF superiority on this prem
led to the creation of many AVFs that were not usabl
dialysis.30,33,76 Any vascular access not usable for dia
should be considered a complication attributable to
vascular access. Thus, this bias in analysis affects the Þ
of both AVF patency superiority and complication rate

The current KDOQI Guidelines on the choice of vas
access in prevalent patients reßect the prior inconsist
in deÞnitions and biases in analyses and interpretati
the existing literature. Future research is recommend
provide the necessary data required to make recom
dations on type of vascular access for incident and p
lent patients in need of Þrst or subsequent accesses.
see theResearch Recommendationssection.
S43
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Guideline 2. Vascular Access Types
Implementation Considerations
SeeFig 2.2.

It is important to emphasize that the primary goal o
creation and planning is to create a functional vascu
provide reliable prescribed dialysis, with minimal
complications.15,79

Please see the section on ÒKDOQI Vascular
Guidelines Goals and Targets.Ó The outcomes
accesses that have required interventions before
may have a different natural history than those
needing interventions (unassisted matured
Figure 2.2. ESKD Life-Plan case examples.

S44
vascular access
ar access that can
terventions and
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accesses). Further comparative study is required; unt
such time, caution should be made in generalizing
outcomes of AVF and AVG noted in prior literature
have not taken this into consideration.1

Special Populations: Pediatrics
The choice of vascular access for pediatric HD pa
must take a number of factors into account. For inci
patients with an unplanned dialysis initiation and w
desire HD for KRT, a CVC will be necessary irresp
of age, body habitus, venous anatomy, or comorbidi
Abbreviation: ESKD, end-stage kidney disease.
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Guideline 3. Vascular Access Locations
Placement of CVC may be required in patients with s
or diminutive vessels that are not suitable for an AV
AVG, but this should be considered a ÒbridgeÓ
midterm solution until the vessel, sizes are adeq
There is no speciÞc size cutoff in terms of weigh
vessel diameter in this setting, and, thus, the timing
access creation (AVF or AVG) should be based on p
circumstances and local expertise. The use of C
associated with higher risk of bloodstream infecti
greater hospitalization rates and antibiotic use with
tential nephrotoxic effects on residual kidney funct
and damage to central vessels making future AV a
creation difÞcult. As such, pediatric dialysis centers
be committed to insightful best care for their patient—
this current year and next as an integral part of t
ESKD Life-Plan, which will include HD, transplant,
PD. The choice of AVF is preferred over AVG but ma
dictated by available vascular anatomy, other cli
factors, and local surgical expertise for AV access cr
and interventional radiology expertise for maintaining
access function. The beneÞt margin of AVF over C
pediatrics has been well documented.79-80 However, ev-
idence demonstrating the superiority of AVF over AV
less available in the pediatric hemodialysis patient.81

The best Þrst strategy is CVC avoidance followe
CVC minimization. Furthermore, for patients/famil
who are eligible and desire PD (even if needed acu
urgent placement of a PD catheter is recommende
avoid the risks and long-term morbidities associated
CVC placement, even if used only for a few week
months.83
es
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Future Research

� Studies evaluating Þrst versus subsequent access
� RCT of various types—this is critical but challengin

and may be impossible
� Consider complication rate as an outcome (deÞne

is viewed as a complication— eg, for AVFs that fail t
mature, use of a CVC may be deemed a complica
etc)

� Validation of standardized deÞnitions for patency
complications
for

nadequa
roup can
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)

Guideline 3. Vascular Access Locations
Please refer toBox 1to understand the evidence basis
the Guideline Statements.

Note: When a statement indicates that ÒThere is i
for KDOQI to make a recommendation,Ó the Work G
any recommendation, suggestion, or other evidence
either direction) based on the very low, low, or inad
evidence amassed by the ERT.
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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Statements: AV Access Locations
The statements below are in the context of the ES
associated Access Algorithms and their consideratio
omy, etc).

Note: SeeGuideline Statements 2.2and 3.2 for CVC use
location; this section refers to AVF or AVG.

3.1 KDOQI considers it reasonable to choose the si
(location) of the AV access (AVF or AVG) afte
careful consideration of the patientÕs ESKD Li
Plan (Figs 1.1-1.6), potentially following the
below paths (Expert Opinion).SeeGuideline Statem
3.2 for CVC locations:

A) A patientÕs ESKD Life-Plan includes an anticipa

long duration(eg, >1 year on HD):

� Forearm AVF (snuffbox or distal radio-

cephalic or transposed radiobasilic)
� Forearm loop AVG or proximal forearm AVF

(eg, proximal radiocephalic, proximal
vessel, and perforator combinations) o
brachiocephalic, per operator discretion

� Brachiobasilic AVF or upper arm AVG, pe
operator discretion
B) A patientÕs ESKD Life-Plan includes an ant
patedlimited duration(eg, <1 year) on HD:

� Forearm loop AVG or brachiocephalic AV

(with high likelihood of unassisted
maturation)

� Upper arm AVG

C) A patient urgently starts HD without prior

sufÞcient time to plan for and/or create an AV
access and has an anticipatedlimited duratio
(eg, <1 year) on HD:

� Early or standard cannulation loop AVG

(forearm or upper arm location), or CVC,per
operator discretion and patient’s clinical ne

Note: The choice of upper extremity location of a
based on the operatorÕs discretion and bes
considering the patientÕs ESKD Life-Plan, d
evidence to demonstrate a difference betwe
upper arm AVG patency or complication outc
infections, hospitalizations, and mortality).

D) A patient urgently starts HD without prior
sufÞcient time to plan for and/or create an AV
access and has an anticipated long duration (e
>1 year) on HD:
te evidence
not make

guidance (in
uality of

� PD catheter, and follow above algorithm (A
if PD not a long-term option or

� Forearm early cannulation loop graft; when
AVG fails, follow above algorithm (A)or

� CVC if high likelihood of rapid AVF matu-
ration and usability success, then follow
above algorithm (A)
S45
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E) All AV access options in the upper extremit
have been exhausted and patientÕs ESKD
Plan includes along duration(eg, >1 year) on
HD, the following may be considered based o
individual patient circumstances and operatorÕ
best clinical judgment and expertise:
ft
cess
oach i
ndivid
e belo

r futu

o

r pathology (eg,
ker) CVC inser-
ore

that limits AV
, this side should
ide for AV access
� Lower extremity AVF or AVG or HeRO Gra
While a suggested stepwise approach to AV ac

provided (Figs 1.1-1.6), modiÞcation of the appr
encouraged as necessary to consider the i
Life-Plan and circumstances, and follow th
principles, given available suitable vessels:

n Distal Þrst to proximal next approach
n Always preserve the integrity of vessels fo

access options
n Nondominant extremity in preference to d

if choices are equivalent
te

iable
of

ure,
tions
scular
top pri-

sider
Statements: CVC Locations

3.2 KDOQI considers it reasonable to choose the si
(location) of the CVC after careful consideration of
the patientÕs ESKD Life-Plan as follows(Expert
Opinion):
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� Upper extremity before lower extremity, only if
choices are equivalent

� There are valid reasons for CVC use (Guideline
Statement 2.2) and its duration of use is ex-
pected to be limited (eg,<3 months):
� AV access is likely to be ready for use in ne

future—consider preferential use of tunneled
cuffed CVC in opposite extremity to antici-
pated AV access

� Transplant is anticipated in near future (ie, pre-
serve iliac vessels)—consider preferential use o
tunneled cuffed right IJ catheter

Note: See below guidance for more details on
� Some experts support that in urgent dialysis sta

situations, under limited use circumstances (eg,<1
month) and transplant is notan option, use of a
tunneled, cuffed femoral CVC is acceptable (unle
contraindicated) until the AV access or PD cathet
can be quickly created and used. Use of the femo
vein preserves the upper extremity vessels f
future AV access creation.

Note: Contraindications to femoral vein CVC in
iliac vessel pathology or prior surgery/reconst
reasons (eg, chronic unresolved diarrhea), m
(BMI>35 kg/m2), or other difÞcult vein access.

� When there are valid reasons for CVC u
(Guideline Statement 2.2) and duration of use is
expected to be prolonged (eg,>3 months)
withoutanticipated use of AV access, CVC may
site selection is
s
ualÕs ESKD
w key

re vascular

placed in the following locations in order of
preference:
� Internal jugular
� External jugular
� Femoral
� Subclavian
� Lumbar

Note: In the absence of contraindications, prio
central stenosis) or intervention (eg, pacema
tion on the right side is preferable to the leftside due to m
direct anatomy. If one side has pathology
access creation but allows for CVC insertion
be used for the CVC to preserve the other s
creation.
r arm
minant, only

VC location.

l

ude femoral or
ction; hygienic
rbid obesity

e

Rationale/Background
Patients with CKD/ESKD are surviving longer with var
ESKD Life-Plans,83 made possible by optimizing the use
all modality options. High rates of AVF maturation fail
recurrent thrombosis of AVGs, and CVC-related infec
and central stenosis have made the planning of va
access and preservation of vascular access sites a
ority for ESKD care.

Hemodialysis vascular access planning must con
both thetypeandlocationof the vascular access, keepin
mind both the current needs and the future needs o
patient. Each selection of vascular access (type and
tion) should provide the patient with a functional vasc
access that is reliably usable for dialysis with min
complications and interventions to allow the patien
achieve his/her dialysis goals. The vascular access c
gency plan is the plan for vascular access remed
when the vascular access becomes problematic
vascular access succession plan is the thoughtful pla
and preservation for future dialysis access choice(s)
the current vascular access fails, and it considers th
tientÕs ESKD Life-Plan.

For patients expected to have prolonged duration
HD, a distal-to-proximal approach to AVF creation (if t
are deemed suitable) preferentially using the super
veins or consideration of a forearm graft (if deemed
suitable for a forearm AVF) before upper arm AV a
provides the best opportunity to preserve vessels for f
vascular access sites (Table 3.1). It allows for a sequentia
vascular access plan for a prolonged ESKD Life-Plan
However, it has been recently observed that an uninte
consequence of the enthusiasm for a Þstula-Þrst app
to vascular access has led to an increasing number of
arm AV accesses in the United States,84 perhaps with the
sole goal of reaching ÒÞstula targets,Ó which may
vertently and negatively affect a patientÕs future va
access options. For example, younger individuals wh
expected to have long survival with ESKD migh
disadvantaged by the decision to create bilateral uppe
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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Table 3.1. Vessel Location by Distal to Proximal Sites

Vessel Location/
Cannulation
Location AVF AVG

Forearm/
forearm

Snuffbox or distal radiocephalic
forearm radial or ulnar basilic

Forearm loop

Forearm/upper
arm

Proximal radiocephalic, antecubital
vessel-perforator combinations

Upper arm/
upper arm

Brachiocephalic Upper arm
straight

Brachiobasilic Upper arm
loop

Other brachial or basilic
combinations

Abbreviations: AVF, arteriovenous� stula; AVG, arteriovenous graft.

Guideline 3. Vascular Access Locations
AVF—especially basilic vein transposition—as the Þrs
(failed) and then second options for vascular access.
so would signiÞcantly limit their future vascular ac
possibilities, leaving them with suboptimal options for
remainder of their life on HD. Furthermore, failed
access or urgent HD starts that require CVC insertion
later negatively affect vascular access options if the
CVC contributes to the limiting effect of central sten
Careful consideration of the site of CVC insertion in
situations is required. Thus, this KDOQI Work Group
proposed a sequence of site selections that conside
patientÕs ESKD Life-Plan with a view to individualizin
optimizing access options.

Much of this KDOQIÕs guidance aligns with the p
ous KDOQI Guidelines (2.1) that recommended evalu
of the distal forearm for radiocephalic AVF followed
brachiocephalic AVF before considering brachiob
transposition AVF or AVG. It considered an AVG
bridge to an AVF. The current Guideline promo
consideration of other variables such as preparation
available, expected time on dialysis, current and fu
modality options (eg, transplant), likelihood of AVF s
cess, and vascular access contingency and successi
for each vascular access type and location selected.

Detailed Justi � cation
One RCT85 and 8 observational studies evaluated diffe
vascular access locations.86-94 The RCT compared a br
chiobasilic AVF to a brachiocephalic AVF among pa
in whom a previous forearm AVF had failed or a fore
AVF was not feasible.86 Primary patencies were n
signiÞcantly different with a brachiobasilic AVF vers
brachiocephalic AVF at 1 year (RR, 0.98; 95% CI, 0
1.34) or 3 years (RR, 0.90; 95% CI, 0.73-1.1
(Supplement 3, Table S11).85 Similarly, secondary paten
was not signiÞcantly different with a brachiobasilic
versus a brachiocephalic AVF at 1 year (RR, 1.02; 95
0.88-1.19) or 3 years (RR, 1.02; 95% CI, 0.80-1.32;P=
0.8) in Koksoy et al85 (Supplement 3, Table S11). Given
these data, the Work Group supports a philosoph
create the most optimal AVF that would preserve fu
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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sites and allow greatest patient ease and comfort for
nulation and dialysis.

One observational study compared AVFs placed ip
eral to a prior CVC versus contralateral to a prior C93

Secondary patency was signiÞcantly lower with an
ipsilateral to a prior CVC versus contralateral to a prior
(Supplement 3, Table S12), leading to the suggestion
insert a CVC contralateral to the planned AV access, s
CVC be required. Seven of the observational s
compared various AVF locations, including radioceph
brachiocephalic, brachiobasilic, or unspeciÞed upper a
forearm. Three studies86,87,91 had high risk of bia
(Supplement 3, Table S13)86,87,91 and were not extracted o
used in analysis. The studies used are inSupplement 3
Table S14.85,88,89,92-94 Due to the poor quality and incon
sistent evidence, we were unable to place it into cli
context to recommend a stepwise approach to vascul
cess creation, leading to suggestions to consider va
access type and location that would provide the patient
functional use, preserving future sites at the discretio
the clinician after considering the patientÕs circumst
available suitable vessels, and ESKD Life-Plan.

AVG Locations
If an AVG is the most appropriate type of vascular acce
evidence does not strongly support a preference of loc
Dixon et al96 compared forearm AVG with upper arm A
in a subgroup analysis of an RCT that evaluated the ef
dipyridamole plus aspirin on AVG patency (n= 508)
(Supplement 3, Table S15). Both primary and cumulativ
patencies did not differ by location at 1-year follow
(Supplement 3, Table S16a). Primary patency was 70%
the forearm AVG group and 78% in the upper arm A
group. Cumulative graft failure was 33% and 36% for
forearm AVG and upper arm AVG groups, respec
(adjusted HR, 1.36; 95% CI, 0.94-1.97). No other stu
met the criteria for inclusion by the ERT.

CVC Locations
As noted, inferior AVF outcomes have been observed if a
ipsilateral CVC has been placed.94 However, there are lowe
complication risks with right internal jugular CVC inser
compared with the left side, so this must be considere
light of the patientÕs ESKD Life-Plan and current and
vascular access needs. One observational study co
right- versus left-sided catheterplacement98(409 participants
and 532 catheters). Catheter-related infection requ
removal was signiÞcantly higher with left-sided approa
compared with right-sided approaches (0.33 vs 0.24 per
catheter-days;P = 0.012) (Supplement 3, Table S16b).
Decreased blood ßow requiring CVC exchange (ie,
dysfunction) was also nonsigniÞcantly higher with left-s
approaches (0.13 vs 0.08 per 100 catheter-days;P= 0.08)
(Supplement 3, Table S16b). However, these outcomes w
based on the positioning of the CVC tip. For CVC tips placed in th
superior vena cava or pericavoatrial junction, CVC dys
tion and infection were higher for left-sided approac
S47
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Figure 3.1. Placement of femoral vein central venous catheter.

Guideline 3. Vascular Access Locations
compared with right-sided approaches, as noted ea
However, for CVC tips placed in the mid- to deep r
atrium, CVC dysfunction and infection were similar for l
compared with right-sided approaches. This highlights
need for proper CVC placement and conÞrmatory ima
(Guideline 9).

Tables of studies, evidence quality, and bias are
vided inSupplement 3, Tables S16b and c.

Special Discussions

Surgeons and Other Operators: Practical
Considerations of Choice of Vessels
Where appropriate, consider the use of superÞcial
before deep veins. Recall that venous drainage in th
tremity is from superÞcial (veins superÞcial to deep fa
to deep venous system (veins deep to deep fascia).
veins tend to converge in a single vein as it approache
heart.99 Obliteration or stenoses in the deep veins im
the availability of more distal access sites. Thus, eval
of potential vascular access sites could consider Þrs
the superÞcial veins for the outßow. Forearm and u
arm cephalic and forearm basilic veins are considere
perÞcial veins.100 The Work Group believed that it
reasonable to consider a forearm loop graft in the sequ
as a bridge to future AVF when the superÞcial vein–based
options are exhausted. Importantly, the AVF loca
should consider the maturation of the outßow ve
facilitating future cannulation. An adequate cannula
vein segment should be long enough to accommodat
needle separation of at least 1 inch (2.54 cm) or 2 Þ
widths and (2) rotation of cannulation sites to av
aneurysm development. Furthermore, it should be e
and comfortably accessible for the patient. Having
ments on the underside of the arm can be uncomfor
or very painful. Segments that are too deep may be
lenging to cannulate without ultrasound guidance, wh
may not be readily available and/or may lead to pa
and nursing/technician frustration. Although sup
Þcialization of such deep AVF may be possible,
important to note that AVF use for dialysis is typic
delayed due to the need for a planned secondary pr
ure. See also the commentary inGuideline 8.

Special Considerations for Internal Jugular and
Femoral Vein Catheterization
Operators and clinicians should be aware of the poss
of persistent left superior vena cava anomalies and i
tailments when choosing the internal jugular veins
catheterization.

In select patientsand limited circumstances, tunneled cuffed
femoral vein catheterization may be reasonable.
example, in situations where patients urgently start dia
and are not transplant candidates but are in clinical
ronments that are conducive to quick dialysis access
tion/insertion (ie, within 1 month), tunneled cuffed
femoral CVC may serve several beneÞcial purposes.
S48
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will preserve central veins to ensure that AV access is f
(assuming central veins not previously damaged or ste
by other processes). Second, use of femoral vein CV
minds patients and providers that CVC is only for temp
purposes. This strategy is effective only if the facility
coordinate rapid AV access creation for patients destin
HD (eg, early cannulation AVG or AVF in a patient
high likelihood of maturation success) or PD cath
insertion for patients who have chosen PD. Issues su
proper placement of the exit site to ensure patient com
and dignity must be considered (Fig 3.1). Of note, RCTs
metanalyses, and systematic reviews have demon
equivalent or superior outcomes with regard to C
thrombosis and infection, using tunneled femoral vein C
However, precaution with femoral CVC use, as with
CVC use, must be taken (Guidelines 20-25).101-103

Implementation Considerations
It is important to reiterate that theprimary goalof vascular
access creation and planning is to create afunctional vasc
accessthat can providereliable prescribed dialysis, with minima
interventions and complications.15,79

The planning must consider contingency plans
remediation when the vascular access becomes pro
atic and a succession plan for future dialysis access o
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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Guideline 4. AV Access Types and Materials
when the vascular access eventually fails. This applie
populations in need of dialysis access, including CKD
tients with a failing transplant, PD patients who req
transition to HD, pediatric CKD patients, other establi
CKD patients, or patients needing an urgent start to
ysis. A proactive approach to the pediatric CKD pa
with failing eGFR is imperative to avoid CVC placemen
HD initiation. This means allowing adequate matura
time to enable the AV access to be usable on the day
initiation—typically several months of lead time for A
creation and a few weeks for an AVG placement.
avoidance for elective HD is achievable with adheren
the ESKD Life-Plan. It is imperative that health care
viders communicate the ESKD Life-Plan and vascular
creation, contingency, and succession plans to pro
continuity in KRT and dialysis access care.

Future Research

� It is known that medium-sized peripheral arte
(radial and ulnar) of>2 mm can develop AVF to su
port adequate dialysis.104 Future research can inform o
the impact of both larger and smaller vessels used f
access creation. For example, for larger arteries, id
what characteristics are associated with a greater r
high ßow–associated problems. For smaller ves
determine what characteristics allow for adequate
maturation and use.

� Weigh the potential options for vascular access typ
location, as discussed; to determine and study m
accurate patient-speciÞc estimates of the pred
duration of HD and predicted probability of A
maturation and consider the results when choo
access type and location.

� More prospective research to determine whe
endoAVF creation can result in a clinically durable
cost-effective AV access compared with traditiona
gical AV access creation and maintenance.
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Guideline 4. AV Access Types and Materials
Please refer toBox 1to understand the evidence basis
the Guideline Statements.

Note: When a statement indicates that ÒThere is i
for KDOQI to make a recommendation,Ó the Work G
any recommendation, suggestion, or other evidence
either direction) based on the very low, low, or inad
evidence amassed by the ERT.

Statements: Novel AV Access Types and Materials

4.1 KDOQI suggests that the choice of material for a
AVG should be based on the nephrologistÕs
operatorÕs discretion and best clinical judgme
since the current evidence does not demonstra
that one graft material or modiÞcation thereof is
associated with improved outcomes in terms o
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
to all
pa-
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for

patency or complications.(Conditional Recomme
tion, Low Quality of Evidence)

4.2 KDOQI considers it reasonable to use early ca
nulation grafts as a CVC-sparing strategy
appropriate patients, considering their ESKD Life
Plan. (Expert Opinion)
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Rationale/Background
Effective hemodialysis requires a suitable access f
withdrawal and return of blood. The ideal hemodial
access should provide adequate ßow rates to susta
scribed dialysis; be easy to access/cannulate, cost eff
and acceptable to patients; and be associated with ex
long-term patency and minimal complications. A mat
functional autogenous AV access or AVF may be the
ideal access, although not all patients have suitable
for an AVF, and not all of the veins mature sufÞcientl
cannulation, thereby negating their potential advanta
Furthermore, in the culture of patient-centered care
AVF may not always be the appropriate access, giv
dividual circumstances. Acceptable AV access c
created by using a variety of AVGs, including prosth
biologic, and autogenous materials. Expanded poly
ßuoroethylene (PTFE) has been the most commonly
graft material since its original description and has se
as the comparator or criterion standard for nume
randomized trials. A variety of other prosthetic graft
terials are commercially available, although none
proven to be superior to PTFE in terms of the paten
complications. Similarly, a variety of graft modiÞcat
have been made to improve AVG performance, inclu
changes in wall thickness, surface modiÞcations, dia
changes, and external support, but none have prove
perior to the standard wall 6-mm PTFE graft. The us
autogenous and biological grafts had largely been a
doned with the introduction of PTFE, although so
limited recent evidence suggests that nonautoge
saphenous vein and bovine carotid artery biological g
may be associated with fewer infectious complications
improved patency, respectively. The current KD
statements on this topic are consistent with the prev
2006 KDOQI guideline.

Detailed Justi � cation
PTFE has been the most widely used prosthetic mater
AVGs since its introduction more than 40 years ag105

There have been a variety of RCTs and observa
studies (Supplement 3, Table S17) evaluating various AV
materials and conÞgurations. For example, there
been comparisons of tetraßuoroethylene (Dac
Dupont)106,107 or polyurethane108,109 to PTFE, althoug
none have proven superior in terms of patency
complication rates. Similarly, the brand of PTFE doe
appear to make a difference in terms of outcome.110,111
S49
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Guideline 4. AV Access Types and Materials
There have been numerous modiÞcations of the pros
AVGs, predominantly PTFE, to improve patency and r
complications, although none of these modiÞcations
been proven in RCTs to be consistently superior to the
dard wall 6-mm PTFE AVG. These modiÞcations
included the thickness of the AVG material (ie, thin-
PTFE),112 the elasticity of the AVG material (ie, stre
PTFE),113external reinforcement (eg, external rings), tape
AVG diameter (ie, 4- to 7-mm taper PTFE, 6- to 8-mm t
PTFE),114,115 addition of a cuff to the venous end of t
AVG,116,117 surface modiÞcation with heparin,118 and
modiÞcation of the external surface.119Notably, Polo et al115

reported that the 6- to 8-mm tapered PTFE upper arm A
had better primary and primary-assisted patency rates
the 6-mm grafts without an increased incidence of AV a
steal, although the patient population was limited to no
abetic patients aged<71 years. Dammers et al114 reported no
difference in the patency or incidence of steal symp
between the 4- to 7-mm tapered and 6-mm PTFE AVGs
4- to 7-mm tapered grafts may theoretically reduce
incidence of steal symptoms due to the smaller diamete
resultant lower ßow rates; however, the ßow rates thro
the tapered grafts in their study were actually greater tha
nontapered ones. The RCTs examining the beneÞt of a v
outßow cuff have been contradictory, with Sorom et a117

reporting improved patency and increased ßow rates fo
cuffed AVGs. Of note, none of the cuffed AVGs failed
result of a venous outßow stenosis. Data from a more r
study by Ko et al116 found that primary patency was n
signiÞcantly different with cuffed versus noncuffed graft
or 2 years (63% vs 50% at 1 year; RR, 1.23; 95% CI, 0
2.13; 45% vs 32% at 2 years; RR, 1.56; 95% CI, 0.39-6
(Supplement 3, Table S18).

Surface treatment of AVG with heparin affords a t
retical advantage in terms of thrombosis and pate
although the available evidence failed to demonstrat
signiÞcant differences.118 SpeciÞcally, the patency (1-ye
primary patency with heparin-bonded [14%] vs stand
AVG [12%] at 1 year [RR, 1.10; 95% CI, 0.50-2.44];
year secondary patency with heparin-bonded AVG [8
vs standard AVG [73%] at 2 years [RR, 1.14; 95% CI,
1.34]), and complications rates were comparable betw
groups.

In terms of timing of graft cannulation, Aitken et al120

reported that early cannulation PTFE grafts (ie, mod
tion of the middle layer) were associated with redu
bacteremia and mortality when compared with tunne
dialysis CVC. A systematic review by Al Shakarchi e121

suggested that the newer-generation early cannul
grafts can be safely cannulated without detriment and
associated with comparable patency and complica
with standard-wall PTFE, although the number of stu
that made up the review was limited.

The HeRO graft is a nontraditional vascular acces
comprises a hybrid PTFE graft–catheter system that re
resents a variation of the prosthetic graft modiÞca
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outlined earlier. A recent RCT comparing the HeRO
to standard-wall PTFE demonstrated no differenc
patency (primary patency, 35% HeRO vs 28% stan
AVGs; RR, 1.25; 95% CI, 0.54-2.89 and secondary pa
66% HeRO vs 56% standard AVGs at 1 year; RR, 1.19
CI, 0.75-1.89) mortality (HeRO [2%] vs standard g
[0%]; RR, 1.19; 95% CI, 0.44-3.23; risk difference, 0.
95% CI, -0.02 to 0.06), or complications.122 Notably, this
trial was designed to compare the safety and efÞcacy
HeRO graft in a cohort of patients without central v
occlusions or stenosis. However, the HeRO graft may
its greatest applicability in this subset of patients.

The role of autogenous and nonautogenous biolo
AVGs has evolved. Their use was largely abandone
the introduction of PTFE (described earlier). Two re
trials suggest that biologic AVGs may confer s
advantage, although the sample sizes were relatively
(<60 patients). Kennealey et al123 reported that the bovin
carotid artery AVG might be associated with impro
outcome. Notably, the primary patency (bovine car
artery AVG [61%] vs PTFE AVG [10%] at 1 year; RD,
95% CI, 39-61;P = 0.006 by Kaplan-Meier analys
however, the numbers at risk at each time point was
indicated), thrombosis rates (0.34/patient-year ver
PTFE AVG [0.77/patient-year] [RR, 0.44; 95% CI, 0
0.67; P = 0.01 by Poisson regression analysis]), and
intervention rates (1.45/patient-year versus PTFE
[1.99/patient-year] [RR, 0.73; 95% CI, 0.58-0.91]) we
signiÞcantly lower when compared with PTFE A
although there were no differences in the secon
patency (64% vs a PTFE graft [59%] at 2 years;P= NS) or
other complications. Mousavi et al124 reported that the
infectious complication rates with nonautogenous hu
saphenous vein AVG were lower than for PTFE, alth
there were no differences in patency.

The saphenous and femoral veins have both been
as autogenous AVG materials.125,126 The saphenous vein
relatively thick walled and does not usually dilate w
used for an AVF, similar to the cephalic or basilic v
traditionally used for upper extremity autogenous ac
Furthermore, the saphenous vein diameter is not us
large enough to meet the minimal criteria for effec
dialysis (ie,� 4 mm; ßow rate,� 500 mL/min).127 The
mean diameter of the femoral vein is sufÞcient for effe
cannulation (ie, 7 mm), and the length of the fem
ralpopliteal segment is adequate for brachial-axillary
cess, although its use in this conÞguration is asso
with a modest incidence of wound complications and
access steal.125,128

A varietyof novel techniques and AVGs are currently u
investigation, including a totally percutaneous or endo
cular arteriovenous graft, Þstula,129and a bioengineered gra
composed of human tissues.130 Although RCTs have not y
reported their efÞcacy, they may play a role in the futur

Tables of studies, evidence quality, and risks of bia
provided inSupplement 3, Tables S18 through S20.
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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Guideline 5. CVC Con� guration and Materials
Special Discussions
The Work Group discussed the need for the guidelin
be updated in an iterative fashion to allow for new
modialysis access options and the ability to prop
evaluate them and incorporate worthy options in fu
guidelines.

Implementation Considerations
SeeGuideline 1.

Monitoring and Evaluation
SeeGuidelines 11, 12, and14-19.

Future Research

� Further deÞne the optimal nonautogenous graft ma
for an AV access.

� Further validate the beneÞts identiÞed for the cu
biologic grafts.

� Further develop novel techniques and graft materia
the creation of autogenous and nonautogenous AV a
f
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Guideline 5. CVC Con � guration and Materials
Please refer toBox 1to understand the evidence basis
the Guideline Statements.

Note: When a statement indicates that ÒThere is i
for KDOQI to make a recommendation,Ó the Work G
any recommendation, suggestion, or other evidence
either direction) based on the very low, low, or inad
evidence amassed by the ERT.

Statement: CVC Con � guration and Materials

5.1 KDOQI suggests that the choice of tunneled H
CVC type and designbe based on the clinicianÕ
discretion and best clinical judgment.(Conditiona
Recommendation, Low Quality of Evidence)
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Rationale/Background
Identifying the type of CVC with the lowest complicat
rate is important for patients who are dependent on
for chronic HD—whether for short-term or long-term us

However, RCTs comparing various CVC types and d
do not consistently demonstrate, with moderate- or h
quality evidence, signiÞcant differences in primary-ass
patency, CRBSI, or thrombosis rates. Catheter types
ated in these clinical trials include the following:

� Tesio-Cath twin catheter system versus LifeCath
catheter system (MedComp)131

� Palindrome Symmetric Tip versus HemoStar Long-
CVCs (staggered tips) (Medtronic)132

� Palindrome Symmetric Tip versus Medcomp (step
CVCs133
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
s to
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� Ash Split (split-tip) (MedComp) versus PermC
(Medtronic) or Optißow (step-tip) (Bard Access S
tems) catheters134,135
re
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Detailed Justi � cation
The following summarizes key evidence-based
comparisons:

Twin Catheter Systems: Tesio Versus LifeCath
Twin Tunneled CVCs
One RCT (n= 80) compared the Tesio-Cath (ovo
cuff) versus the LifeCath Twin (cuboidal cuff); bo
CVC types have 2 free-ßoating lumens and were p
in the right internal jugular vein. Study follow-up w
12 months.131 There was no signiÞcant difference
CVC survival (92% for the Tesio-Cath group vs 86%
the LifeCath Twin group) or CRBSI (0.40/1000 C
days [Tesio group] and 0.51/1000 CVC days [LifeC
Twin group]; P = 0.7). Rates of hospitalization f
infection and CVC-related mechanical complica
were higher in the LifeCath Twin group compared w
the Tesio-Cath group (0.94 vs 0.24 per 1,000 CVC d
respectively;P = 0.02). This was associated with t
greater need for urokinase infusions in the LifeC
Twin group (0.51 per 1,000 CVC days) versus non
the Tesio-Cath group.

Palindrome Symmetric Tipped Versus HemoStar
Staggered Tipped Tunneled CVC
A number of studies found no signiÞcant difference
primary assisted patency, CRBSI, or thrombosis rates
comparing Palindrome symmetric tipped versus Hem
staggered tipped tunneled CVC as follows: 1 RCT
CVCs inserted in 239 participants)132 reported no statis
tically signiÞcant difference in infection and thrombo
free CVC survival (after censoring for C
design–unrelated removal) or CRBSI (0.24 and 0.10
1,000 CVC days [HR, 2.26; 95% CI, 0.44-11.96]) in
Palindrome and HemoStar CVC groups, respecti
Although rates of thrombosis or CVC removal du
thrombosis did not differ between groups, the need f
urokinase infusion was lower for the Palindrome gr
versus the HemoStar group: 17 versus 35 (HR, 0.58;
CI, 0.49-0.68).

Urokinase is rarely used in the United States today
unknown whether the decreased urokinase use in P
drome CVCs would also apply with other more commo
used thrombolytic agents, such as recombinant t
plasminogen activator (TPA).

Palindrome Symmetric Tip Versus Medcomp Step-
Tip Catheter
One RCT (n= 97) of 2 monthsÕ duration showed that C
survival at 2 months was signiÞcantly higher in the s
metric tip group compared with the step-tip group, 9
S51
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Guideline 6. Timing, Preparation, and Planning for Creation/Insertion of Dialysis Access
versus 69% (P= 0.02).133 For the indication of decreas
blood ßow rate, fewer CVCs were removed in the s
metric tip CVC group compared with the step-tip C
group (6% vs 22%;P= 0. 04).

Ash Split-Tip Catheter and Permcath or Opti � ow
Step-Tip Catheters
There were 2 RCTs.134,135 One study compared the A
Split with the PermCath catheter (N= 69).134 CVC surviva
at 12 months after censoring for recovery of kid
function AVF creation, peritoneal dialysis, and tr
plantation was higher in the PermCath group comp
with the Ash Split group (74% vs 49%) with no differen
between groups in CVC removal due to sepsis, rat
infection, or CVC occlusion requiring removal. The o
study compared the Ash Split to the Optißow catheter=
132).135 In this study, overall CVC survival at 180 days
higher in the Ash Split CVC (75%) compared with
Optißow CVC (55%;P= 0.02).

Study details and evidence quality are provide
Supplement 3, Tables S21-S29.

Special Discussions

� The ERT did not Þnd signiÞcant evidence of bene
coated catheters, and therefore, these were not inc
in this Guideline. However, the Work Group believe
was a potential area of future research.
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Future Research

� More clinical studies are needed to identify the i
hemodialysis CVC that meets the criteria of long sur
times, low CVC complication rates (dysfunction
CRBSI), and potentially lower patient complication r
(vascular stenosis and thrombosis). ScientiÞc adv
will need to focus on vascular biology and the desig
biocompatible CVC materials to minimize compl
tions of hemodialysis CVC for the select patients
are not candidates for an AVF or AVG.

� Future CVC designs, materials and coatings shoul
focus on the impact of CVC on the developmen
central stenosis, infection risk, vessel injury, and
thrombosis.

� All CVC design studies should report results u
consistent deÞnitions and outcomes.
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Guideline 6. Timing, Preparation, and Planning
for Creation/Insertion of Dialysis Access
Please refer toBox 1to understand the evidence basis
the Guideline Statements.

Note: When a statement indicates that ÒThere is i
for KDOQI to make a recommendation,Ó the Work G
any recommendation, suggestion, or other evidence
either direction) based on the very low, low, or inad
evidence amassed by the ERT.
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Statements: Education on ESKD Modalities and
Dialysis Access

6.1 KDOQI considers it reasonable for adult and ped
atric patients with an eGFR<30 mL/min/1.73 m 2

(CKD G4) withprogressivedecline in kidney function,
to beeducatedon all modalities of kidney replacemen
(KRT)options, including transplantation, so that
timely referral can be made for the appropriate
modality and creation of a functional dialysis acces
if necessary.(Expert Opinion)

Note: For pediatric patients, calculate eGFR by Sc

6.2 KDOQI considers it reasonable for adult and pe
diatric patients with a kidney transplant with an
eGFR< 30 mL/min/1.73 m 2 (CKD G4) with pro-
gressivedecline in kidney function, to beeducatedon
all modalities of KRToptions, including potential re-
transplantation, so that timely referral can be
made for the appropriate modality and creation of
a functional dialysis access, if necessary. A r
review of the patientÕs ESKD Life-Plan shou
occur. (Expert Opinion)

Note: For pediatric patients, calculate eGFR by Sc

6.3 KDOQI considers it reasonable for PD patients wit
complications refractory to therapy and/or with
circumstances that make PD less conducive than H
to be educated on all kidney transplant and HD op
tions, so that timely referral can be made for the
appropriate modality preparation and creation of a
functional dialysis access, if necessary. A re-review
the patientÕs ESKD Life-Plan should occur.(Expert
Opinion)

Note: See Special Discussions.

6.4 KDOQI considers it reasonable and important to
ensure that the predetermined dialysis access is u
able to provide the prescribed dialysis when the
patient is ready to initiate the planned dialysis (eg, a
AV access is mature and ready for cannulation fo
HD). (Expert Opinion)

6.5 KDOQI considers it reasonable that in patient
who have unplanned or urgent dialysis starts with
a CVC, the ESKD Life-Plan is established with
dialysis access plan within 30 days of dialysis sta
(Expert Opinion)
or

adequate evidence
oup cannot make
based guidance (in
quate quality of

Statements: Referral for AV Access
In some facilities, referral of the patient for assessme
the vascular access team/surgeon for appropriate d
access is a different process than referral for the
creation/insertion. However, for simplicity, the Guideli
recommendations have been combined, keeping in m
variable timeframes between assessment for and cr
of vascular access.
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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Nondialysis CKD Patients
s

nd
5-

h

s
t
V
o

d

s

a
ed

D
s
d

ti
r
ly

f
t

a
t
-

it

e
r

ating
start. A
ccess

ara-
uit-
itable

lini-
itiate
.
alone

and
leads to
play
the
ation

een
tion
ccur
t
he
uld

ality
the
ective
cular
tudy
in/
sing

y
no
ith
cal
AVF

to
RDS

. A
n
used
nge,
it is
,
and
or

the
ess
6.6 KDOQI considers it reasonable that in nondialysi
CKD patients with progressivedecline in kidney
function, referral for dialysis access assessment a
subsequent creation should occur when eGFR is 1
20 mL/min/1.73 m 2. Earlier referral should occur
in patients with unstable and/or rapid rates of eGFR
decline (eg,>10 mL/min/year). (Expert Opinion)

Note: Nondialysis CKD patients include patients w
transplant.

Hemodialysis Patients

6.7 KDOQI considers it reasonable that in HD patient
with recurrent vascular access problems, promp
referral for assessment and creation of a new A
access should be made to allow adequate time f
specialist consult and follow-up, as well as
possible AV access failure and correction, an
should consider individual patient circumstances
and competing risk of death.(Expert Opinion)

Note: Recurrent vascular access problems include
CVC use and/or>3 corrective interventions/6 month

When PD Is the Modality of Choice

6.8 KDOQI considers it reasonable and ideal to place
PD catheter at least 2 weeks before the anticipat
need of the PD treatments.(Expert Opinion)

6.9 KDOQI considers it reasonable for an urgent P
catheter to be placed for immediate PD as nece
sary under the direction and care of experience
personnel in conducive environments. (Expert
Opinion)

Rationale/Background
Timely referral for appropriate KRT modality educa
and choice is necessary to allow adequate time fo
preparation, creation, and use of a functional dia
access when it is needed at dialysis initiation. It is
Þrst of many important steps required to attain Ò
right access, in the right patient, at the right time,
the right reasons,Ó one of the guiding principles of
Guideline.

These 2019 Guideline statements regarding mod
and vascular access education are almost identical
2006 KDOQI guideline,13 although this Guideline em
phasizes the Expert Opinion basis due to the pauc
rigorous evidence to support recommendations.

Key differences in the statements for the timing of
ucation and referral for vascular access creation/inse
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
include using referral criteria that do not depend solel
GFR criteria and recognizing the challenges of cre
vascular access based on a predicted time of dialysis
range of patient populations that may need vascular a
is also recognized.
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Detailed Justi � cation
Appropriate and well-balanced education and prep
tion are required for patients to choose the most s
able KRT modality and corresponding access, su
for each patientÕs own circumstances (seeGuideline 1
on ESKD Life-Plan).

It has become increasingly evident that despite c
ciansÕ best efforts, predicting when a patient will in
dialysis is challenging at best—and mostly inaccurate
Several studies have demonstrated that neither GFR
nor a time duration before dialysis start is reliable,
using such criteria to base vascular access decisions
variable results.136 Patient and process-of-care factors
contributing roles of varying degrees, depending on
different circumstances associated with each combin
of interactions.

This Guideline attempted to Þnd a balance betw
achieving a functional AV access at dialysis initia
with potential unnecessary procedures that may o
if a predialysis patientÕskidney function does no
decline or due to the competing risk of death. T
competing risk of transplant or transfer to PD sho
be less of an issue if appropriate and timely mod
education and preparation occur, corresponding to
patientÕs ESKD Life-Plan. Given the lack of prosp
studies evaluating different GFR thresholds for vas
access creation, a well-conducted simulation s
supports an eGFR referral of 15-20 mL/m
1.73m2.137 Studies have also demonstrated increa
postcreation procedure rates with longer time awa
from starting dialysis beyond 6 to 9 months, with
greater proportion of patients initiating dialysis w
an AVF.138 Such a time frame makes intuitive clini
sense given the time now required to ensure
maturation and usability, with an average time
cannulation of 132 days in the United States (US
2017, chapter 3)—for AVF that do not fail.139 The
corresponding AVF that failed to mature was 35.9%
6- to 9-month time frame from dialysis initiatio
would allow time to create a new AV access to be
for dialysis start should the Þrst one fail; the challe
again, is being able to predict the start time. Thus,
critical to allow time for surgical referral and creation
plan for risk of AV access failure and correction,
consider trajectory of progression (if predialysis)
CVC exposure time (if on dialysis), along with
competing risk of death when referring for AV acc
creation.
S53
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Table 6.1. Suggested Indications for Creation/Insertion of a Vascular
Access in Peritoneal Dialysis Patients

� Recurrent peritonitis, especially if due to poor connection technique
(Gram-positive) or bowel leak (mixed Gram-negative)

� Ultra� ltration failure, especially in the presence of oliguria or anuria
and persistent volume overload

� Decline in physical status considered to be the result of underdialysis
(adherence issues or loss of residual kidney function)

B Note: This is a relative indication and should not be construed as
implying that loss of RKF is itself an indication for vascular access
creation.

B Caution: The patient nonadherent to PD may very well be non-
adherent to HD and vascular access creation.

� Change in status of the patient, such that self-dialysis is no longer
feasible

B For example, intercurrent event, such as stroke, death, or othe
loss of a caregiver

� Signi� cant noninfectious complication
B For example, recurrent hernias, dialysate leaks including

hydrothorax

Guideline 6. Timing, Preparation, and Planning for Creation/Insertion of Dialysis Access
Special Discussions
Patients transferring to HD, after failing PD, freque
start HD with a CVC.140 Special efforts to examine t
reasons for this and reduce CVC use in this populatio
required.

Suggested indications for the creation/insertion o
vascular access in PD patients (Table 6.1) are provided and
based on Expert Opinion.

Future Research

� Validation of suggested criteria using both eGFR cr
and progressive decline in kidney function is requi

� Validation of criteria to refer PD patients for HD vasc
access

� Use of prediction equations (eg, the Kidney Failure
Equation) to assist with timing of access–does this really
help?141

� Develop and validate approaches to reduce pot
damage to central and peripheral vessels by prov
throughout the health care system while waiting for
access creation.

� Investigate in which patients the decline of eGFR
pears to slow or halt after AVF creation, and why
may occur

Statement: Vessel Preservation

6.10 KDOQI considers it reasonable to protect a
central and peripheral arteries and veins from
damage whenever possible, including the avoid
ance of peripherally inserted catheters and un
necessary venipunctures, for patients on dialys
or with CKD where dialysis access is expected
the future (CKD G3 -G5).(Expert Opinion)

Note: Other scenarios where vessel (artery or vein)
that should be avoided include (1) radial art
S54
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coronary interventions and 2) venous cardiovas
electronic devices; alternatives such as epicard
should be considered whenever possible.

Rationale/Background
Central and peripheral vessel damage may contribu
CVC dysfunction and limit future options for AV ac
creation and usability in CKD and ESKD patients. D
the growing age and comorbidities of this population,
risk of and exposure to potentially vessel-damaging
ditions and interventions are high. For example, v
puncture itself and infusion of sclerosing medicat
though peripheral intravenous catheters may resu
damage and/or thrombosis of peripheral vein segm
that may later be used for AV access creation or
insertion. In addition, catheterization of central veins
non-HD requirements such as internal jugular and
clavian lines for acute and chronic care, transve
pacemakers, and deÞbrillators are associated with s
or loss of central vein patency. Central stenosis is a s
complication that may prohibit successful AV access
tion, maturation, or use. PICCs are known to damage
with subsequent thrombosis in many cases. There is
the risk of clot propagation into the central veins. Los
these veins can have a dramatic impact on pa
morbidity and mortality with loss of current and futu
HD vascular access sites.142-144Patients should be educa
regarding these risks and encouraged to advocate fo
own vessel protection, along with the nephrology co
munityÕs support. An informative website on saving
can be found atwww.saveyourvein.org, which serves as a
example of a public platform educating on the importa
of saving veins. It can be used by patients and
fessionals. Indeed, caregivers involved in the delive
care to CKD stage 4/5 patients should be educ
regarding the implications of venous and arterial ac
use, and institutional policies directed toward addres
these concerns are strongly suggested.

Detailed Justi � cation
A case-control study (N= 120) demonstrated that th
prior placement of a PICC was associated with a s
quent lower frequency of AVF use144 (odds ratio, 3.2;P<
0.001,) even after adjustment for patient sex, artery
vein diameters, and prior CVC insertion. An observat
study using USRDS data found that of 6,487 HD pa
with PICCs placed within 2 years before and after A
cess creation were independently associated with
likelihoods of transition to any working AV access.142

One study examining the presence of central vein
nosis (CVS) in association with PICCs reported a 7% r
overall CVS.145 However, this is likely an underestimati
of the true incidence of CVS associated with PICCs, b
the study was limited to patients undergoing serial
tremity venography. In a prospective study exami

r
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Guideline 6. Timing, Preparation, and Planning for Creation/Insertion of Dialysis Access
thrombosis associated with PICC placement, all pa
underwent ultrasound examination of the arm at 28 d
after PICC insertion or at time of PICC removal and f
an overall thrombosis rate of 71.9% (partial or comp
obliteration of vessel lumen).146 Unfortunately, the na
tional effort to reduce the use of PICCs among CKD
ESKD patients has not achieved its objective. No
McGill et al147 reported from their urban teaching hosp
that>30% of patients with CKD have had a PICC and
>50% were placed in their nondominant arm.

Angiographic comparisons of stenosis rates bet
subclavian and jugular HD CVC insertions found that
were associated with stenosis, with 42% of subcla
veins stenosed after CVC insertion.148 Finally, the use of
CVC (including PICCs and catheters inserted at the
clavian and jugular veins) was found to be associated
a 14-fold increased risk of an upper extremity DVT149

Vein loss may be extrapolated from DVT formation.
In a consensus statement regarding cardiovas

implantable devices in CKD and ESKD patients, i
noted that such patients derive a reduced survival b
from implantable cardioverter deÞbrillator treatm
compared with patients with normal kidney function, w
a 2.7-fold higher risk of mortality.150 With regard to CVS
64% of patients developed stenosis.151 Options to avoid
upper body central veins include femoral vein placem
(with its own risks of infradiaphragmatic venous dama
epicardial placement, subcutaneous implantable
dioverter deÞbrillator placement, leadless pacers,
possibly wearable deÞbrillators.152,153

Finally, with regard to radial artery access for car
interventions, a meta-analysis of the literature note
radial artery occlusion rate of<1% to 33%. The conclusio
was that radial artery occlusion was common.154 Given the
fact that radial artery patency is integral to future ra
cephalic AVF creation, femoral arterial access for cor
interventions should be strongly considered.
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Special Discussions

� Alternative options to PICCs are needed—potential op-
tions suggested were pediatric internal jugular
catheters/small bore catheter; however, whether or
their use translates into less vessel damage and
unknown.

� The ÒChoosing WiselyÓ campaign should be
supported in CKD/ESKD patients to Òsave the vein
avoid PICCs whenever possible.
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Implementation Considerations

� Strategies to avoid PICCs and vessel damage, s
venipuncture in the back of the wrist and use of sm
bore internal jugular CVCs should be studied

� Avoid PICCs for<7 days of infusion—use a periphera
intravenous line, preferably on the back of the han

� Consider femoral venous access for central vein a
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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� Continuous quality improvement within/acro
institutions

� PICC placement in CKD patients in hospital req
approval by nephrology department

Monitoring and Evaluation

� Use of PICCs only when there are no other option

Future Research

� Feasibility and use of other options for blood acce
� Radial access impact on future VA creation
� Midline catheter insertion effect on future VA creat
� Does use of small-bore internal jugular CVC re

central venous stenosis?
� Determine if use of small-bore internal jugular C

instead of PICCs is practically feasible and effecti
patient care

� Rigorously evaluate the impact of radial artery acce
cardiovascular and other procedural interventions
the creation and outcomes of AV access for HD
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Statements: Multidisciplinary Team Approach

6.11 KDOQI considers it reasonable to educate o
coordinate, and manage all aspects of dialys
access using a multidisciplinary team within the
resource capacities and feasibilities of each f
cility. (Expert Opinion)

6.12 There is inadequate evidence for KDOQI to mak
a recommendation on the use of a multidisci-
plinary team to reduce the rate of CVC use o
increase the use of AVF.

Rationale/Background
As described previously (Guideline 1), the ESKD Life-Pla
is a strategy for living with ESKD, ideally formulated by
patient and a multidisciplinary team (coordinated C
management team). A patient-centered approach to
vascular access considers multiple aspects of a pa
needs and dialysis access eligibility, speciÞcally co
ering the patientÕs current medical situation, curren
future life goals, preferences, social support, functi
status, and logistic and other practical feasibilities. Fo
purposes of dialysis access, this team should include
not limited to the following professionals and suppor
members: nephrologist, access surgeon, radiologist, n
social worker, and patient family member or ot
supporter.

Placement of any dialysis access, but particularly a
access, requires education of the patient and family, a
as coordination of visits around timely surgical cons
tion and follow-up visits. Given the limited ability of i
dividual nephrologists to attend to the multiple a
complex aspects of vascular access care, most kidn
programs have established multidisciplinary vascular a
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Guideline 6. Timing, Preparation, and Planning for Creation/Insertion of Dialysis Access
teams.155-157 The multidisciplinary VA team ensu
timely referral for vascular access when approp
tracking, and monitoring patientsÕ vascular access
complications and outcomes. Often central to the team
vascular access coordinator (VAC) who coordinates a
schedules the patient for procedures. In addition,
vascular access coordinator is key to educating patie
the risks and beneÞts of each vascular access
addressing any patient concerns, and facilitating ap
priate use of the vascular access.158
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Detailed Justi � cation
Although the multidisciplinary team approach app
ideal, the majority of studies of multidisciplinary team c
were at high risk of bias.159-167Only 1 study that evaluate
a care coordinator,168 1 study evaluating multidisciplina
care,165 and 1 study evaluating patient education169 were
extracted and analyzed (Supplement 3, Table S30).

Multidisciplinary Care
Wilson et al165(N = 3,636) analyzed patients starting HD
the DaVita system with follow-up for 360 days. An Incid
Management of Patient, Actions Centered on Trea
(IMPACT) program for patients before and early in dia
was instituted at selected clinics to manage predialys
early dialysis issues, including initiating HD with an
access. The multidisciplinary team included a nephrolo
nurses, dietitians, social workers, and clinical care prov
and involved structured intake, referral services, pa
education, patient management checklists and time
and monitoring outcomes. Usual care also included pa
education and other interventions, but not in a formali
manner. Patients in the IMPACT program were propen
matched to patients receiving usual care in a 1:2 ratio
treatment groups were well balanced for baseline ch
teristics. Use of an AVF or AVG versus a CVC wa
signiÞcantly different among IMPACT patients (5
versus usual-care patients (47%) (RR, 1.06; 95% CI,
1.14) at 90 days.165However, use of an AVF or AVG vers
CVC was signiÞcantly higher among IMPACT pa
(63%) versus usual-care patients (48%) (RR, 1.31; 95%
1.22-1.41) at 360 days.165

The success of the multidisciplinary team has his
cally been measured by increasing the rate of use o
AVF.170-173 However, there are a number of oth
important outcomes, including the rate of VA-rela
procedures and complications. Recently, Gill et al174 per-
formed an observational study of vascular access out
in the Þrst year of HD treatment before (2004-2005, p
team period) and after implementation of an access
(2006-2008, early team period; 2009-2011, late te
period). Access team implementation did not affect
probability of CVC-free use of the AVF (OR, 0.87; 95%
0.52-1.43, for the early and OR, 0.89; 95% CI, 0.52-1
for the late-team period). Patients underwent an avera
4 to 5 total access-related procedures during the Þrs
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of HD, with higher rates in women and in people w
comorbidities. CVC-related procedure rates were si
before and after team implementation; relative to the
team period, AVF-related procedure rates were 40% (
60%) and 30% (10%-50%) higher in the early-team
late-team periods, respectively. One difÞculty in in
preting the results of this study is that concurrent with
implementation of the access team was the wides
implementation of Fistula First policies in the study c
ters. The use of AVG was very low (<1%) in the center
involved in the study. Although the CVC rates w
similar, the rates of procedures increased in AVF
women and those with greater comorbidities, fac
associated with poor AVF maturation and outcomes.
unclear if results would have differed if those high-
patients had received AVG instead. This highlights
need to evaluate the use of multidisciplinary vascula
cess team to help patients delineate an appropriate
Life-Plan with the corresponding appropriate vascula
cess, including evaluation of feasibility for AVF.

Vascular Access Coordinator
Data on the true impact of a VAC for improving VA o
comes is lacking. Sixty percent of HD programs rep
having at least 1 VAC in a 2013 Dialysis Outcomes
Practice Patterns Study survey of 72 US sites, but th
not report whether an access team was present.170,174 The
percentage of patients using an AVF or a CVC did not
across facilities with or without at least 1 VAC. The
centage of use of one type of vascular access or ano
insufÞcient for evaluating the usefulness of a VAC. It
only the percent use that matters but for those usi
particular vascular access, it matters whether or no
use is appropriate, safe, and provides patient satisf
and support for their dialysis to help them achieve t
own goals. Having a VAC has been shown to increas
odds of successful unassisted AVF maturation, the
form of AVF maturation. Indeed, VACs have the expe
skills, and capacity to build relationships with patients
multiple team members to educate, coordinate, guide
manage vascular access for the patient175,176—typically
much better than solely physicians and surgeons
example, having a dedicated vascular access nu
coordinator to assist physicians and staff with manage
of CVC-related infections has been reported to reduce
treatment failure rates and death from sepsis.177-179

However, further research is required to generate m
speciÞc evidence to support vascular outcomes that
attributable to the work of VACs.
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m
the
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Future Research
Further research is needed to identify new strategi
deliver optimal, personalized, and patient-cente
vascular access care. Data on the true beneÞts of a
disciplinary vascular access team are limited. The suc
a multidisciplinary vascular access team is depende
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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Table 7.1. Focused Preoperative Physical Examination for Vascular
Access Planning and Creation

Consideration Relevance

Physical examination of arterial
system

Character of peripheral
pulses
Allen test
Bilateral upper extremity
blood pressures

Physical examination of venous
system

Evaluation for edema
Assessment of arm sizes
comparability
Examination for collateral
veins
Evaluation of veins:

Augmented palpation
Examination for evidence of
prior central or peripheral
venous catheterization

� An adequate arterial system is
needed for AV access; the quality
of the arterial system will in� uence
the choice of AV access site.

� Abnormal arterial� ow pattern to
the hand may contraindicate the
creation of a snuffbox or
radiocephalic AVF.

� Equality or discrepancies of blood
pressure values inform the
suitability of arterial in� ow and
access in the upper extremities.

� Edema indicates venous out� ow
problems that may limit usefulness
of the associated potential
vascular access site or extremity
for vascular access placement.

� Differential arm size may indicate
inadequate veins or venous

Guideline 7. Patient and Vessel Examinations: Preparatory Considerations
the deÞned outcome measure. If it is increasing the u
AVFs, there are conßicting data from observational st
using different compositions of teams and roles of
team members. Additionally, these types of studies re
accurate information regarding vascular access use a
patientÕs ESKD lifespan, which is challenging and re
high-quality data assessing time periods of vascular
use with and without a CVC.

Currently, there are no data on the beneÞt of m
disciplinary teams on patient trust and conÞdenc
making dialysis access–related decisions, in their quality
life or satisfaction with their dialysis access. Futures s
may also determine the impact of a VAC and multid
plinary teams on health care spending, which may or
not show beneÞt by shifting care from physicians
lower-cost providers. This may also enhance pa
engagement and promote shared decision making. T
important outcome measures should be evaluated in f
studies.
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Examination for evidence of
arm, chest, or neck surgery/
trauma

Cardiovascular evaluation
Examination for evidence of
heart failure

obstruction that may in� uence
success of AV access created and
choice of vascular access site.

� Collateral veins are indicative of
venous obstruction, as discussed.

� Palpation augmented by
tourniquet ± warm stimulus (eg,
water) will inform venous
characteristics (eg, distensibility).
Selective venous mapping may be
helpful (Guideline Statement 7.3
and Table 7.2)

� Use of CVCs is associated with
central venous stenosis; previous
placement of venous catheters,
pacemakers, etc may have
damaged target vasculature
necessary for vascular access
(Guideline Statement 6.10).

� Vascular damage associated with
previous surgery or trauma may
limit access sites (Guideline
Statement 6.10).

� Poor cardiac output or ejection
fraction may affect success of
AV access created (eg, low
output may increase risk of
maturation failure).

� AV accesses may alter cardiac
output.

Abbreviations: AV, arteriovenous; CVC, central venous catheter.
Guideline 7. Patient and Vessel Examinations:
Preparatory Considerations
Please refer toBox 1to understand the evidence basis
the Guideline Statements.

Note: When a statement indicates that ÒThere is i
for KDOQI to make a recommendation,Ó the Work G
any recommendation, suggestion, or other evidence
either direction) based on the very low, low, or inad
evidence amassed by the ERT.

Statements: Patient Clinical Examination

7.1 KDOQI recommends that a physical examinatio
focused on vascular anatomy be the basis for th
initial assessment and planning of vascular acce
creation. (Conditional Recommendation, Very Low
of Evidence)

7.2 KDOQI considers it reasonable to have great
emphasis on and more training in preoperative
clinical examination to assess patients and the
vessels to determine the type and location of the
vascular access.(Expert Opinion)

Rationale/Background
The most appropriate AV access creation requires c
preoperative evaluation. Among many factors, the c
acteristics of the patientÕs vascular anatomy, cardiov
system, and life expectancy will inßuence the ideal
and location of access (Figs 1.1-1.6). The decision to
create an AVF after a thorough preoperative evaluat
aimed at reducing the primary failure rate and improv
the cumulative patency rates with few or no additio
interventions. The common techniques used in clin
practice include clinical examination and duplex u
sound evaluation, as previously recommended in the
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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KDOQI guideline (1.4.1, 1.4.2, and 1.4.3).13 A detailed
history and physical examination focused on evaluatin
vascular anatomy and cardiovascular system, as outli
Table 7.1, remains relevant. The belief that vessel map
with duplex ultrasonography is better than clinical ex
ination remains contentious. Preoperative vessel ma
to evaluate the arteries and veins using duplex ult
nography has been recommended in the past based
on Expert Opinion. The potential beneÞts outlined w
selection of vessel based on luminal size
S57
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Table 7.2. Examples of Risk Factors For Which Vessel Mapping May Be
Bene� cial

Clinical Problem Risk Factors

Fistula failure Elderly age, female, comorbidities (eg,
peripheral vascular disease, coronary artery
disease), small pediatric patients

Peripheral vessel
damage

Ipsilateral: PICC insertion, other iatrogenic
(eg, venipuncture), self-in� icted (eg, IVDU),
disease states (eg, vasculitis), radial artery
harvesting for CABG

Central venous
stenosis

Multiple CVCs; prolonged CVC duration;
cardiac implantable electronic device; PICC;
surgery or trauma to neck, chest, upper extremity

Guideline 7. Patient and Vessel Examinations: Preparatory Considerations
distensibility with manual occlusion of blood ßow, th
ensuring that the most appropriate vessel is use
create a successful AV access. However, duplex
sonography has several disadvantages that in
measurement errors due to operator skill and circ
stances (eg, the skills and interpretation of a lab t
nician vs the surgeon creating the access may diffe
condition of the patient as cold/dehydrated vs warm
well hydrated may inßuence results, environmen
outpatient clinic vs intraoperative ultrasonography
be important, etc), patient inconvenience, higher c
to health care system, and delays in creating AV a
eop-
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Limitations to physical
examination

Morbid obesity, suboptimal conditions (eg,
patient dehydrated or vasoconstricted), poor
skin integrity, patient refusal

Note: When central venous stenosis is suspected, ultrasound has low
sensitivity for detecting central vein stenosis, and venogram should be
performed when possible to con� rm and locate lesions.
Abbreviations: CABG, coronary artery bypass graft; CVC, central venous
catheter; IVDU, intravenous drug use; PICC, peripherally inserted cath-
eter central.
Detailed Justi � cation
Two RCTs and 1 observational study compared pr
erative vessel mapping by duplex ultrasonograph
physical examination for assessment of AVF creation.180-

182 The majority of patients were predialysis, with
pertension and diabetes. The median age was 66
more than half were white, and 60% were men. T
minimum follow-up was 6 months after AVF creati
There was no statically signiÞcant difference in
primary failure (21.5% vs 31.1%; RR, 0.69; 95%
0.45-1.08]) or primary patency (62.5% vs 52.5%; R
1.19; 95% CI, 0.97-1.45) between the 2 grou
However, secondary patency was greater with preo
ative ultrasound compared with physical examinatio
alone (81.6% vs 65.2%; RR, 1.18; 95% CI, 1.01-1.
There was no difference in those with vessel map
compared with physical examination for frequency
postoperative interventions (20.1% vs 22.9%; RR, 0.8
95% CI, 0.36-2.15); unnecessary creation before
ysis start, transplant, or death (12.1% vs 11.9%;
1.02; 95% CI, 0.49-2.13); or mortality (7.5% vs 4.7
RR, 1.58; 95% CI, 0.53-4.70). The studies were
powered to assess the potential harm, especially t
detect the number of unnecessary AV access creati
(Supplement 3, Table S31).
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Statements: Vessel Mapping for Vascular Access

7.3 KDOQI suggests selective preoperative ultrasou
in patients at high risk of AV access failure
(Table 7.2) rather than routine vascular mapping
in all patients (Conditional Recommendation, Low
of Evidence).

7.4 KDOQI considers it reasonable to use various im
aging studies as needed to evaluate the suitabil
of vessels for AV access creation such as ultra
nography for peripheral vessels (including intra-
operative ultrasound) and venography for
suspected central vein occlusion, while consid
ering the patientÕs clinical circumstances and r
sidual kidney function. (Expert Opinion)
dent
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Rationale/Background
Given the lack of high-quality evidence of preopera
mapping on AVF outcomes over thorough clinical ev
ation, there may be utility in selective use of preopera
vessel mapping. Such selective use could be appl
patients considered to be at high risk of AVF fa
(Table 7.2), those at risk of or with a history of ves
damage or central stenosis, or those for whom a pr
physical examination is not possible or feasible
morbidly obese patients).

Justi � cation
One RCT compared selective versus routine preope
vessel mapping by duplex ultrasonography for
creation (n = 77).183 The majority of patients wer
predialysis with hypertension and diabetes, and
median age was 65 years old. There was no statis
signiÞcant difference in AVF primary failure rate at
day follow-up in those who had selective versus rou
vessel mapping (36.0% vs 21.1%; RR, 1.71. 95%
0.81-3.59), postoperative interventions (5.3% vs 5.
RR, 1.03; 95% CI, 0.15-6.92) or total complicatio
(12.8% vs 2.6%; RR, 4.87; 95% CI, 0.60-39.79). P
mary and secondary patency were not evaluated.
study was too small to properly detect harms, and e
modiÞcation was not assessed (Supplement 3
Tables S32and S33).

Given this set of evidence, the Work Group could
endorse vessel mapping in all patients but wante
ensure that it could be supported in patients deeme
high risk while supporting the need for further study. T
impact of preoperative vessel mapping may be
important and may not be apparent from the stu
conducted to date; it is unclear whether the impac
preparative mapping conducted by an indepen
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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Guideline 8. AV Access Creation
imaging facility separate from the operator has the s
impact as preoperative mapping conducted by the ope
who will be creating the AV access. This is an area
needs to be clariÞed through research.

Statements: Optimal Vessel Size of Artery and Vein
for AV Access Creation

7.5 KDOQI considers it reasonable that while there i
no minimum diameter threshold to create an AVF
arteries and veins of<2 mm in diameter should
undergo careful evaluation for feasibility and
quality to create a functioning AVF.(Expert Opinio

7.6 KDOQI considers it reasonable to evaluate multi
ple characteristics of vessel quality for AVF crea
tion (size, distensibility, ßow, etc).(Expert Opinion

Rationale/Justi � cation
The previously suggested vein diameter of 2.5 mm
arterial diameter of 2.0 mm have not been validated.
threshold was included in the KDOQI Clinical Pra
Guideline for Vascular Access as an Expert Opinion
on a single study by Silva et al in 1998.184 Despite the
routine use of duplex ultrasound, the primary failure
in the multicenter Dialysis Access Consortium Fistula
was reported to be as high as 60%.31 Our current
knowledge is limited to retrospective single-ce
studies.185-187 The studies evaluating vessel size
inconsistent in their reporting regarding the timing (im
mediate before surgery in the operating room vs ima
suite), distensibility with tourniquet, operator ski
(technician vs surgeon), and location (radiocephali
brachiocephalic).

The limited clinical evidence meeting guideline crit
for ERT review are summarized:

Allon et al,28 in a single-center study, evaluated o
a 17-month period the effect of routine preopera
mapping on the types of vascular access placed and
outcomes. The minimum vein diameter of>2.5 mm
and arterial diameter of>2.0 mm for AVF creation an
vein diameter of>4.0 mm for AVG creation wer
implemented. The study did not report their outcom
based on different tertiles of vessel size. Ove
compared with historical controls, the study reported
increment in AVF creation rate from 34% to 64%, w
the greatest improvement in women and diabetic
tients. The overall increment in the usability of AVF
support dialysis from the historical cohort was statist
cally insigniÞcant (46% to 54%;P = 0.34). However,
there was substantial increase in the usability of for
AVFs, although it was not statistically signiÞcant (
to 54%; P = 0.06).

Dageforde et al188 reported on a retrospective study
158 patients (mean age, 54 years; diabetes, 56%;
mass index, 32 kg/m2) with brachiocephalic o
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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brachiobasilic AVF. The study cohort was divided
quartiles based on the vein diameter, with a vein diam
in the lowest group of<2.7 mm and in the highest grou
of >4.1 mm. Patients with minimum vein diameter
>3.4 mm had a higher maturation rate compared w
those with vein diameter of<3.2 mm (79% vs 90%) an
6-, 12- and 24- month patency of 77%, 55%, and 49%
90%, 67%, and 58%, respectively.

The variability in reported parameters limits the clin
evidence necessary to make any recommendation
minimal lumen size. Furthermore, it may be importan
consider variables other than vessel size; for exa
distensibility (deÞned as increase in internal vein diam
with proximal compression), arterial wall thickness,
resistance index to reactive hyperemia were used in a
of 116 patients by Malvorh.189 Primary patency rate
patients with increment in internal venous diameter (fr
0.226 cm ± 0.063 to 0.335 cm± 0.115) was 80.2%
compared with 19.2% among patients with inter
venous diameter increment from 0.219 cm± 0.097 to
0.245 cm ± 0.126). The study also evaluated inter
arterial diameter, baseline arterial blood ßow, and r
tance index with reactive hyperemia with forearm AV
The group with higher maturity had an internal arte
diameter of 0.264 cm± 0.065 vs 0.162 cm± 0.066,
baseline blood ßow of 54.5 mL/min± 2.81 vs 24.11 mL/
min ± 16.81 and resistance index at hyperemia of 0.5±
0.13 versus 0.70± 0.17. However, the usability was n
reported.

Future Research and Educational Needs
There is a paucity of training in vascular access ph
examination for the preparation or use of vascular ac
The Work Group members believed that there should
much greater emphasis on and more training in preo
ative clinical examination to assess patients and the
sels to determine the type and location of their vas
access.

The impact of preoperative vessel mapping may be
important and may not be apparent from the stu
conducted to date; it is unclear whether the impac
preparative mapping conducted by an independent im
ing facility separate from the operator has the same im
as preoperative mapping conducted by the operator
will be creating the AV access. This is an area that ne
be clariÞed through research.
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Guideline 8. AV Access Creation
Please refer toBox 1to understand the evidence basis
the Guideline Statements.

Note: When a statement indicates that ÒThere is i
for KDOQI to make a recommendation,Ó the Work G
any recommendation, suggestion, or other evidence
either direction) based on the very low, low, or inad
evidence amassed by the ERT.
S59
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Guideline 8. AV Access Creation
Statement: Pre-Creation Infection Prevention

8.1 KDOQI considers it reasonable to conduct a care
ful history and physical exam by the operator and
managing team prior to AV access creation t
identify infection risks that should Þrst be
managed before proceeding with AV access cre
tion (eg, dental infection, osteomyelitis, etc).
(Expert Opinion)

Statement: Use of Anesthesia for AV Access
Creation

8.2 KDOQI suggests that the choice of anesthesia
AVF creation should be based on the operator
discretion and best clinical judgment, as curren
evidence shows no difference between region
block or local anesthesia in terms of AVF usability
patency, interventions, or patient experience
(Conditional Recommendation, Low-Moderate
Evidence)

Rationale/Background
A majority of AV access creation procedures require
cutaneous dissection and minimal deep dissection
circumscribed area of the extremity. Conventionally, t
procedures have been performed using local anes
and intravenous sedation to increase patient ease.
signiÞcant procedures that require extensive tissue d
tion such as aneurysm repair or superÞcialization
usually performed under general anesthesia or reg
blocks, based on the operatorÕs discretion.190 Both regiona
and general anesthetic have the potential for indu
vasodilation by altering the vascular autonomic tone191;
the resultant larger vessels (up to 25%)192 may improve
operative ease. Such observations have prompte
vestigators to evaluate whether the method (type
location) of anesthesia helps to increase AV access c
rates, AV access patency, AVF maturation, patient
faction, and operator ease. This topic is new to the cu
NKF-KDOQI VA Guideline.

Detailed Justi � cation
The success of AVF maturation after creation31,193 may be
associated with the vein diameter used for anastomos104

It is hypothesized that dilation of veins with increa
caliber and ßow might facilitate and increase AVF
tion,194,195 particularly distal AVF creation. However, i
uncertain whether anesthetic-induced vein dilation
AVF creation are associated with improved AVF matu
and use. In particular, regional block anesthesia h
propensity to dilate superÞcial veins and increase the
ßow to the limb during the intraoperative and immedi
postoperative period.196 It has been suggested that
resultant increased vein dilation and ßow might lea
more distal AV access site selection and creation an
S60
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the increased ßow in the perioperative phase migh
crease AVF maturation.194,195

The greater availability of duplex ultrasonography
increased the ease, safety, and efÞcacy of adminis
regional (supraclavicular and infraclavicular) block
surgical procedures performed in the upper limb.197

Six RCTs and 3 observational studies compare
effectiveness and harms of different anesthesia tech
on AV access outcomes192,198-200; however, 1 RCT and a
3 observational studies were excluded due to high ri
bias. The evaluated studies showed no difference i
access patency or failure, patient satisfaction, and
plications between groups receiving regional anest
using different techniques compared with those rece
local anesthetic during radiocephalic or brachiocep
AVF creation.

Yildirim et al201 (N = 100) compared a stellate gangli
block versus local anesthesia for patients underg
radiocephalic AVF creation. Patients were followed
until their AVF was sufÞciently mature for cannulat
Successful cannulation was not signiÞcantly diff
with a stellate ganglion block versus local anest
(RR, 1.58; 95% CI, 0.996-2.52). However, the me
maturation time was signiÞcantly shorter with ste
ganglion block (mean, 41.4 days) versus local anest
(mean, 77.1 days) (mean difference, -36 days; 95%
-41 to -31).

Three RCTs compared brachial plexus block versu
anesthesia.192,199,200 In patients receiving radiocepha
AVF, pooled analysis showed no signiÞcant differen
AV access patency, failure, or complications (Supplemen
3, Table S34). In the study by Aitken et al,198 the ability
to use the AVF was signiÞcantly higher with a bra
plexus block versus local anesthesia among patient
had a radiocephalic AVF created (RR: 1.83; 95% CI,
3.12) (Supplement 3, Table S35). For those receivin
brachiocephalic AVF, the type of anesthesia did not
in AVF patency, need for secondary interventions, a
to cannulate the AVF, or patient satisfaction.

Reasonably good procedural safety for diffe
regional block techniques performed with ultrasou
guidance has been shown.197 However, regional block
are also associated with small but signiÞcant ris
short- and long-term complications.202 Thus, the choice
of anesthesia technique for AVF creation should be base
on institutional experience, operative technique,
patient characteristics to optimize successful AVF
tion (Supplement 3, Tables S34-S38).
nd
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Special Discussions
The Work Group discussed that creating distal AVF,
appropriate, helps preserve more proximal sites. Va
lation caused by regional anesthesia may provide a
portunity to identify vessels that were missed or dee
not suitable due to small size during initial evaluation.
worthwhile to investigate if there is a subgroup of patie
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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Guideline 8. AV Access Creation
who may beneÞt from the use of regional anesth
Central venous stenosis is an important cause for long
failure of AVF. Any irritation in and around these ve
precipitates development of this problem over time. Lo
term effects of regional anesthetic that is inÞltrated in
neurovascular bundle that contains the ipsilateral ce
vein are not known.

Future Research

� Identify a patient population who may beneÞt from
use of regional anesthesia.

� Evaluate the long-term effect of regional anesthes
central veins.

Statement: AV Access Anastomotic Con � guration
and Apposition Methods

8.3 KDOQI considers it reasonable that the choice o
anastomotic conÞguration and apposition metho
(eg, vascular clips, sutures) for AVF creation b
based on the operatorÕs discretion and best clini
judgment, as there is insufÞcient evidence to pre
fer one conÞguration or apposition method over
another. (Expert Opinion)

Rationale/Background
Anastomotic conÞguration is one of many factors consid
for its potential inßuence on AV access primary failure
outcomes. An acute increase in blood ßow and a conÞ
tional change in the outßow vein are 2 permanent cha
that follow AVF creation.203 Studies have demonstrated t
wall shear stress, caused by the altered ßow pattern af
access creation, may lead to venous neointimal hyp
sia,204,205which is associated with juxta-anastomotic sten
(JAS). JAS is consistently seen at the AVG-vein anastom
an AVG and AV anastomosis in an AVF206,207and is associate
with AV access thrombosis and AV access maturation fa4

An optimal anastomotic conÞguration or apposition me
might mitigate adverse ßow patterns and shear stress204,208of
the created AV access but may also have unintended
quences, such as venous hypertension.

Detailed Justi � cation
Studies have evaluated anastomosis techniques an
for AVF creation.209-211 Mozaffar et al210 compared side
to-side with end-vein–to–side-artery anastomosis. P
mary AVF failure at 6 months was not signiÞca
different with side-to-side (20%) versus end-to-s
anastomosis (17%) (RR, 1.20; 95% CI, 0.41-3.
(Supplement 3 Tables S39-S42).

A French observational study by Sadaghianloo et211

compared radial artery deviation and reimplantation (
DAR) technique (n= 53) with historical control standar
end-vein–to–side-artery anastomosis (n= 73). Primary
AVF patency at 6 months was signiÞcantly better wit
RADAR technique (93%) versus end-vein–to–side-artery
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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anastomosis (52%) (RR, 1.81; 95% CI, 1.29-2.55). O
outcomes, including secondary AVF patency and
terventions, also favored the RADAR technique.

In terms of apposition methods, similar outcomes h
been found when anastomotic vascular clips have
compared with sutures (see detailed discussion inGuideline
Statement 8.4, AV Access Anastomotic Suture Techniq

Tables of studies, evidence quality, and risks of bia
provided inSupplement 3, Tables S39-S42.

Special Discussions
The Work Group discussed ERT recommendations r
to the RADAR technique. The technique necessitates
artery transection and is an end-artery–to–side-vein anas
tomosis. Although bidirectional ßow in the cephalic v
may be a reason for increased patency similar to sid
side AVF, it also poses the risk for developmen
segmental venous hypertension in the long term; thus
main reason for selective use of end-to-side anasto
over side-to-side anastomosis. Transection of the
artery is a future ischemic risk for patients for whom
procedure fails. Although the RADAR study showed
eÞts in the short term, the long-term outcome remain
be seen.211,212 Computational ßuid dynamics (CF
modeling with similar arterial conÞguration in end-to-e
anastomosis has suggested the possibility of deve
arterial stenosis related to ßow stress.213,214

Although the ERT found low to moderate quality
evidence for end-artery–to–side-vein anastomosis over e
vein–to–side-artery anastomosis for AVF creation for b
primary patency and need for intervention, the Work Gr
had reservations. The Work Group believed that, in add
to methodologic issues (nongeneralizability [ie, only r
ocephalics were evaluated in the study], limited short-
follow-up, etc), clinical concerns such as potential los
the artery for future vascular access, potential for ve
hypertension, and hand ischemia hampered the W
GroupÕs enthusiasm for this technique.

Implementation Considerations

Avoid: Excessive Depth in AV Access Creation
Regardless of anastomotic technique, AV accesses
too deep relative to the surface of the skin can lea
problems with cannulation. This scenario typically a
for obese patients with brachiocephalic AVFs but
occur with the other AV access types and conÞgura
depending on the distribution of fat in the forearm
the radiocephalic AVF and the depth at which the va
AVGs and brachiobasilic AVFs are tunneled. This co
is more relevant for the nonmaturing AV acc
although it can present later in the life cycle of the
access.

There are a variety of open surgical technique
elevate, or superÞcialize, the AVF relative to the surf
the skin.215-219An incision can be made over the cours
S61
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Guideline 8. AV Access Creation
the AVF, typically the outßow vein for a brachioceph
AVF, and the vein can be elevated by re-approximatin
underlying subcutaneous tissue. Bronder et al215 reported
an extensive 7-year experience with 296 consecutiv
tients with excellent long-term results. The subcutan
tissue overlying the AVF can be resected, effec
resulting in elevation of the AVF by decreasing the dis
between the skin and the AVF. Alternatively, the vein
be transposed or rerouted rather than simply elev
thereby reducing the likelihood of the vein being expo
if the wound were to breakdown. Bourquelot et al216 have
described making a series of transverse incisions ov
course of the conduit and undermining the skin to fa
tate resecting the excess subcutaneous tissue, while
have described using suction lipectomy.220,221

Future Research
The preponderance of stenosis in speciÞc anatomic loc
suggests that local hemodynamics plays a signiÞcant
its development. The availability of better imaging te
niques and CFD provides an opportunity to model he
dynamics and shear stress patterns.222 Areas of bends an
curves tend to have maximum shear stress gradien
predisposes to VNH.213,222Hull et al223studied side-to-sid
CFD models and found a conÞguration, called thepiggyba
Straight Line Onlay Technique (pSLOT), to have more uniform wa
shear stress patterns compared with several other a
Future rigorous study of this and other techniques base
hemodynamic parameters will be insightful to help limit
development of JAS and consequent stenosis, with the
of improving AV access longevity.

� Study of hemodynamics (ßow, shear stress) as a
ative factor for AVF dysfunction outcomes (eg, outß
vein stenosis, JAS)

� Develop AV access–speciÞc CFD modeling
� Clinical evaluation of different anastomotic con

urations—identify stress zones and mitigate or av
them (prevention of stenosis)

� A piggyback straight-line onlay technique has b
described but was excluded from ERT appraisal d
the high risk of bias209; further rigorous study of thi
technique may be insightful

� Further rigorous research and long-term follow-up
RADAR technique

Statement: AV Access Anastomotic Suture
Technique

8.4 KDOQI considers it reasonable that the choice o
suture technique for AV access creation should b
based on the operatorÕs discretion and best clini
judgment, as there is insufÞcient evidence that an
anastomotic suture technique is advantageous
terms of AV access patency or complications.(Expert
Opinion)
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Rationale/Background
Creation of vascular access is associated with a signiÞc
of primary failure.31 Suture techniques are one of the m
factors thathave been studied to evaluate their inßuence
surgical outcome of AV access creation. Vessel apposi
suturing can be performed in a continuous or an interru
fashion. Studies have shown hemodynamic advantag
interrupted anastomosis in the presence of pulsatile ßo224

Due to difÞculties in execution and lack of adequate de
available to perform interrupted anastomosis, contin
suturing is the most prevalent anastomotic technique.

Two new devices225,226 have been evaluated and m
help surgeons to use interrupted suturing to perf
vascular access anastomosis.
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Detailed Justi � cation
Continuous versus interrupted anastomosis have diff
hemodynamic proÞle and compliance patterns at the
anastomotic site of small vessel anastomosis.224 The cur-
rent literature does not provide clarity on the effect of
altered hemodynamic and compliance on long-term
access outcomes. A recent RCT (n= 78) reported improved
primary patency for a partially interrupted anastomos
radiocephalic AVF but no difference in functio
patency227 compared with continuous sutures. Anot
retrospective study compared the outcomes of contin
versus interrupted anastomosis in 334 procedures
formed in a large cohort of veteran patients and observ
equivalent outcome.228 A larger multicenter (17 center
retrospective study reported the long-term performanc
398 AVF (199 clips, 199 sutures) and 740 AVG (401 c
344 sutures). Improvements in bleeding complicatio
primary patency, and cumulative patency were assoc
with clipped anastomosis in AVF that were patent and
and in an intention-to-treat analysis, improved patency
also associated with clipped anastomosis in AVG.

Two RCTs assessed the comparative effectivene
harms of using continuous versus interrupted su
techniques in AVF. Zeebregts et al229 compared the
outcome of VCS clips (Tyco Health/Auto Suture C
pany) versus 6-0 Prolene (Johnson & Johnson) sutu
98 patients followed up to 2 years. Walker230 compared
the U-clip device (Medtronic) with continuous 6-0 Pr
lene suture (Johnson & Johnson) for anastomosis i
patients. Pooled data from these 2 trials failed to sh
statistically signiÞcant difference between contin
versus interrupted techniques; the primary AVF paten
6 months for clips was 71% and for sutures was 72%
0.98; 95% CI, 0.73-1.32).229,230 Secondary patency at
months was also not statistically different between
(86%) and sutures (69%) (RR, 1.25; 95% CI, 0.96-1.6
Special Discussions
Although interrupted anastomoses appear to have a
hemodynamic proÞle at the anastomotic site, studies
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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Guideline 8. AV Access Creation
failed to show a signiÞcant impact on AV access outc
One retrospective study231 with a large number of AV
anastomosis (n= 1,345) with a long-term follow-up
period (2 years) found signiÞcant patency advantag
clips (AnastoClips), suggesting that the beneÞcial eff
a better hemodynamic proÞle is possibly small.

The theoretical disadvantage of interrupted anasto
is the potential for the anastomosis to expand with t
possibly leading to mega Þstula. Although this was
demonstrated as a major factor in coarctation repa
cardiac surgery,232 it may be possible in AVF construct
on larger vessels that have a higher propensity of d
oping ßow-related problems. Further study of anastom
techniques is required.

Statements: Use of Operator-Assisted Maneuvers
for AV Access Maturation

8.5 KDOQI does not suggest the use of allogen
endothelial implants to improve AVF maturation,
patency, or clinical usability or to improve AVG
graft patency or reduce thrombosis.(Conditiona
Recommendation, Very Low Quality of Evidence

8.6 KDOQI does not suggest the use of pancrea
elastase to improve the patency and clinical use
AVF or AVG. (Conditional Recommendation, M
Quality of Evidence)

8.7 KDOQI considers it reasonable to have a caref
individualized approach to operator-enhanced
(surgical or endovascular) maneuvers during AV
access creation to facilitate AV access maturatio
based on the operatorÕs best clinical judgment a
expertise.(Expert Opinion)
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Rationale/Background
AVF maturation failure and AVG thrombosis remain m
clinical problems for hemodialysis patients. Unfortuna
20% to 60% of AVFs created fail to mature successfu
dialysis use.77,233 Thrombosis accounts for almost 80%
AVG failures31,234-236 due to an underlying stenosis at t
venous anastomosis.237-239At present there are few, if an
effective therapies to enhance AVF maturation and r
AVG stenosis and thrombosis. Pharmacologic therap
assist AVF maturation were not addressed in the
KDOQI guideline.13 Since the 2006 KDOQI guidelin
there have been several RCTs evaluating novel bio
therapies to assist AVF maturation and prevent
thrombosis.

Detailed Justi � cation
The role of adjunctive nonpharmaceutical treatmen
AVF and AVG creation speciÞcally focuses on allog
endothelial cell implants and pancreatic elastase t
(Supplement 3, Tables S43-S46).
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Nonpharmaceutical Biologics to Enhance
Maturation

Allogenic Endothelial Cell Implants in AVF 240,241. Data
from Conte et al240 include 65 maintenance HD patie
needing AVF (n= 31) or AVG (n= 34) from combined
phase 1 (allogeneic endothelial cell implants [AEC] s
trial) and phase 2 (RCT of AEC vs placebo sponges in
ratio) studies. Patients treated with AEC received 2
cugel sponges containing human endothelial cells
pended in gelatin medium placed adjacent to the ve
outßow vein and anastomosis, with some pati
receiving a third sponge for placement next to the art
anastomosis. Primary AVF patency was not statis
different with AEC (60%) compared with placebo (62
at 24 weeks (RR, 0.97; 95% CI, 0.52-1.83).240 There were
no thrombosis events for either the AEC or plac
groups.240 Local wound infections and need for int
vention to correct a complication were not signiÞca
different with AEC (4%) versus placebo (0%) (RD, -0
95% CI, -0.20 to 0.13)240 (Supplement 3, Tables S43-S
andS52).

Allogenic Endothelial Cell Implants in AVG 240. In the
study by Conte et al,240 all patients with AVG (n= 34) had
2 Vascugel sponges placed adjacent to the venous a
mosis and outßow vein and were followed up for
weeks. Phase 2 AVG patients (n= 30) received a third
sponge adjacent to the arterial anastomosis, for a tota
implanted sponges. There were no differences in th
bosis or patency between those receiving AEC or pla
Thrombosis at 30 days was 9% in AEC versus 18
placebo (RR, 0.48; 95% CI, 0.08-2.96), and primary A
patency at 24 weeks was 38% in the Vascugel g
compared with 23% in the placebo group (RR, 1.44; 9
CI, 0.48-4.27). Local wound infection, thrombosis, a
need for intervention to correct a complication at 30 d
showed� 2 events for either treatment arm (Supplement 3
Tabled S46-S48andS53).

Pancreatic Elastase Type 1 in AVF. Hye et al242 and
Peden et al243 (n = 229) randomized participants with AV
to pancreatic elastase type 1 (PRT-201) or placebo an
lowed them for 1 year (Supplement 3, Table S49). Data were
available in 188 participants for this detailed justiÞca
The drug was administered directly to the inßow art
anastomosis, and outßow vein during surgery, over
course of 10 minutes immediately after AVF creation.
mary AVF failure at 2 weeks243 and secondary AVF paten
was not signiÞcantly different between 2 two groups242

Unassisted AVF maturation, deÞned as maturation w
prior procedure to restore or maintain patency, at 3 mo
was higher with PRT-201 (68%) versus placebo (46%)
1.48; 95% CI, 1.02-2.15).242 However, hemodynamical
signiÞcant lumen stenosis at 3 months was not statis
different (RR, 0.93; 95% CI, 0.19-3.43).

Ina pooledanalysis of the 2 trials, primaryAVFpatenc
year was not statistically different with PRT-201 versus
cebo (RR, 1.21; 95%CI, 0.87-1.68).242,243At 1 year,primary
S63
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Guideline 8. AV Access Creation
AVF patency, the ability to use the AVF (59% for PRT-2
53% for placebo; RR, 1.11; 95% CI, 0.82-1.51),242 and
thrombosis of the AVF were not statistically different
0.86; 95% CI, 0.31-2.38).242,243 Neither trial showed dif
ferences in any reported harm (stenosis, thrombosis, h
esthesia, steal syndrome, or need for interven
(Supplement 3, Tables S50 and S51).

Pancreatic Elastase Type 1 in AVG 244. Dwivedi et al244

enrolled 89 patients with AVG and followed them fo
months. There were 9 study groups grouped by dose l
(low, medium, high). Pancreatic elastase type I (PRT-
was administered as a series of drops directly to the
vein anastomosis and adjacent outßow vein over the c
of 10 minutes immediately after AVG creation. A
months, AVG thrombosis (42% for PRT-201 vs 46%
placebo (RR, 0.90; 95% CI, 0.48-1.67) and venous
nosis (42% for PRT-201 vs 32% for placebo; RR, 1
95% CI, 0.63-2.65) was not different between groups244

At 1 year, primary AVG patency was not statisti
different between the PRT-201 (range of 17%-2
depending on dose) and placebo groups (19%) at all
levels. Secondary AVG patency (range of 59%-
depending on dose) was also not signiÞcantly differen244

Rates of thrombosis, stenosis, and need for interventi
correct a complication at 12 months were not signiÞca
different between groups.

To summarize, 2 RCTs evaluated device or topical
apies that were delivered intraoperatively after AV a
creation: pancreatic elastase and allogenic endothelia
These therapies are currently not commercially availab
use because they are in phase 3 studies. Moreove
current data from these studies do not suggest beneÞt
time in AVF or AVG (Supplement 3, Tables S46-S48).

Intraoperative Devices and Operator-Enhanced
Intraoperative Maneuvers
The OptiFlow anastomotic connection device implante
the time of AVF creation has been evaluated in single
studies with comparison with historical control grou
showing similar unassisted AVF maturation rates.245,246

The Optißow device has not been studied in pha
studies and is not commercially available.
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Other Surgical Maneuvers
There is very little literature in the area of opera
enhanced (surgery) maneuvers for AV access matu
(Guideline Statements 8.5and 8.6). Whether a 1-stag
versus 2-stage basilic vein transposition is Òmore b
cialÓ when creating an upper arm AVF is a com
clinical question at the time of AVF creation. Only ob
vational studies are available to address this questio
these largely do not show a beneÞt of one technique v
the other.247,248 Further studies comparing these 2 te
niques will be necessary before recommendations c
made. Until this issue is resolved, an individual
approach is suggested.
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Intraoperative Endovascular Maneuvers
There has been 1 observational study evaluating the r
intraoperative primary balloon angioplasty as a techn
to upgrade small-diameter veins during AVF creatio
combination with sequential BAM.249 That study reporte
a >90% use in this center with primary balloon ang
plasty.249 However, it did not have a comparator gro
and did not report the number of interventions required
maintain patency after AVF use, and it was also
randomized. Primary balloon angioplasty with BAM w
rants further scrutiny before further adoption as stan
practice.

Special Discussions
The Work Group discussed the clinical trials challeng
intraoperative maneuvers to assist AVF maturation
pancreatic elastase and allogenic endothelial imp
among others) but acknowledged the need to dev
drugs, devices, and/or strategies to facilitate AVF ma
tion and use. BAM was discussed, but the literature wa
extracted due to the limited evidence in this area
intraoperative maneuvers for AVF maturation.

Implementation Considerations
None of these therapeutics are available for use at p
because the phase 3 studies were terminated b
completion and/or they are currently being evaluated
ongoing phase 3 studies, and/or the therapy was
mately found to be ineffective.

Future Research

� The role of the Fistula Assist device in AVF maturat
currently in early-phase studies and may play a ro
AVF maturation. No formal data are available rega
this technology.

� The role of BAM needs to be studied further in
setting of RCTs.

� One-stage versus 2-stage basilic vein transposition
to be studied further in the setting of RCTs.
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Guideline 9. CVC Insertion
Please refer toBox 1to understand the evidence basis
the Guideline Statements.

Note: When a statement indicates that ÒThere is i
for KDOQI to make a recommendation,Ó the Work G
any recommendation, suggestion, or other evidence
either direction) based on the very low, low, or inad
evidence amassed by the ERT.

Statements: Techniques and Other Considerations
for Placement

9.1 KDOQI recommends the use of image-guided CV
insertions to improve success of insertions.(Con-
ditional Recommendation, Moderate Quality of E
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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Guideline 9. CVC Insertion
9.2 KDOQI considers it reasonable that if ßuoroscop
is not used to insert a tunnelled CVC, alternativ
imaging is used to ensure that the CVC tip has be
correctly placed.(Expert Opinion)
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Rationale/Background
CVCs were traditionally placed by using anatomic l
marks including vessel pulsation and were typic
inserted in the internal jugular vein (right side prefer
over left side) or the femoral vein (for short term us
More recently, image-guided placement of CVCs by
ßuoroscopic and ultrasound imaging have been ass
and used. The advantages to image-guided inserti
CVCs by trained individuals are increased succ
insertion and reduced complication rates. The main c
plications include hematomas and inadvertent ar
puncture.

The current 2019 NKF KDOQI Clinical Practice Guid
concurs with the prior 2006 KDOQI guideline for vasc
access that recommended that CVC insertion shou
performed in centers where ultrasound guidance and
roscopy are available. Ultrasound guidance should be
for all tunneled, cuffed CVC insertions to minimize in
tion complications such as inadvertent arterial cannula
Furthermore, ßuoroscopic localization of the cathete
was also encouraged to allow for ideal CVC tip locatio
attainment of maximal hemodialysis blood ßow.13

Detailed Justi � cation
Successful placement of a CVC requires attainment
proper location within the vascular system and sufÞ
HD blood ßow rates to achieve prescribed adequate
ysis. Imaging allows the trained operator to localize
target vein and its surrounding structures, ther
detecting any variant anatomy and ensuring pat
(because intraluminal thrombosis is not uncommon)250

Because the anatomic relationship of the right inte
jugular vein to the common carotid artery can vary,
trasound guidance for CVC insertion may reduce
likelihood of inadvertent arterial puncture.251,252

The 2019 KDOQI recommendations are primarily b
on the greater quality of evidence that image-gu
placement of CVC results in a higher likelihood of
cessful insertion, with weaker evidence that it red
complications (as will be discussed). In this section,imagin
refers to ßuoroscopic and ultrasound guidance.

A single-center RCT (N= 110) compared the success
ultrasound-guided versus traditional insertion (us
anatomic landmarks without ultrasonography) of uncu
femoral vein CVCs and accounted for physician ex
ence, comparing those with<6 years of experience wi
those with >6 years of experience. The success
(deÞned as insertion of the CVC after no more tha
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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attempts) was signiÞcantly higher with ultrasound (98%
80%;P= 0.002), as was success on the Þrst attempt (
vs 55%;P< 0.001).253 SigniÞcantly fewer attempts we
required to achieve catheterization with ultrasound (m
of 1.16 vs 1.51;P = 0.001). Fewer complications (he
matoma or arterial puncture) occurred in the ultraso
group compared with the anatomic landmark group (5
vs 18.2%;P= 0.04).253

One observational study (n= 202) compared
ßuoroscopy-guided CVC placement (n=136) to CVC
placement without imaging (using a slightly modiÞ
traditional technique of introducer insertion without t
rigid dilator; n = 66).250 All CVCs were placed in the i
ternal jugular vein, with the majority (83%) placed on
right side. There was a signiÞcantly higher succes
(deÞned as placement and use of the CVC with ade
blood ßow) with ßuoroscopy (98% vs 92%;P = 0.03).
SigniÞcantly more CVCs were placed on the right si
the nonimaging group (91% vs 80%;P= 0.02). This study
reported bleeding events and showed no signiÞcan
ference between groups for major, minor, or to
bleeding events. Total bleeding rate was 1.5% in
ßuoroscopy-guided placement group and 3.0% in
nonimaging placement group

Overall, KDOQI cannot suggest the use of image-g
CVC insertion based solely on reducing complication
because the complication rates are not signiÞc
different with ultrasound-guided versus traditional pla
ment techniques. Given the strength of the available
dence, further high-quality studies on image-guided C
insertions and complication rates are needed.

Postinsertion imaging should be considered to a
malpositioning of CVCs.254,255 Proper location of the CV
tip is at the mid right atrium to avoid vessel and right a
trauma and consequent complications. Malpositioning
lead to vascular perforation, venous thrombosis, cat
malfunction, and cerebral migration. Such complicat
have been documented to occur in 1% of CVCs place
the right internal jugular vein via ultrasound guidance
retrospective single-center study, where 75% of CVCs
placed by trainees (residents/fellows).254,255 In a pro-
spective study, 1.4% of right internal jugular vein C
were malpositioned when placed by an anesthesio
with the aid of anatomic landmarks without ima
guidance.255

Factors associated with tunneled CVC tip malpos
ing include change in position from supine to uprig
position, which may be accentuated in obese patients
female patients.256 Consistent with the 2006 KDOQ
guideline, it is reasonable to consider imaging for cor
CVC location when catheter dysfunction persists th
unresponsive to conservative maneuvers and
administration.13

Tables of studies, evidence quality, and risks of bia
provided inSupplement 3, Tables S54-S59.
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Guideline 10. Post–AV Access Creation/CVC Insertion Considerations
Special Discussions
The preferential order of CVC insertion (eg, right inte
jugular vein, left internal jugular vein, etc) is addresse
a separate section (Guideline 3).

The proper location of the CVC tip is at the mid ri
atrium (seeDetailed JustiÞcationabove).
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Implementation Considerations
To ensure competency for procedural skills to in
nontunneled (uncuffed) CVC, nephrology fellows
programs have incorporated simulation-based lear
The focus has shifted from tallying the number of p
cedures performed to a more focused measurement
necessary components of the process for successfu
formance of this procedure. Procedural training, wh
includes placement of nontunneled HD CVC, is al
requirement of the American Board of Internal Medi
and the Accreditation Council of Graduate Med
Education.257

Such training is highly desirable for all jurisdictions
personnel—at any level of training or practice—who need
to insert CVCs for HD. Given the global nature of HD
travel of HD patients, a minimum level of procedu
training for CVC insertion would provide standardiza
of care.
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Future Research
Additional clinical studies are needed to identify the i
means to insert a CVC for HD. Imaging appears to f
ably affect successful placement and may reduce co
cation rates. Both ultrasound and ßuoroscopy have
studied thus far, with the former being most used
placement of the CVC and the latter being used prim
to ensure appropriate CVC tip localization.

Newer technologies include vein-localizing tools ba
on near-infrared spectroscopy; near-infrared radiatio
absorbed by hemoglobin and reßected by neighbo
tissues, thereby outlining the vascular tree and allo
visualization of the vessels through the overlying ski258

This technology has been used to increase succ
placement of PICCs in neonates.259 Whether this tech
nology has application in adults for CVC placement,
whether it warrants comparison to real-time ultrason
raphy as an imaging technique to enhance CVC place
would be subjects for future studies.
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Guideline 10. Post –AV Access Creation/CVC
Insertion Considerations
Please refer toBox 1to understand the evidence basis
the Guideline Statements.

Note: When a statement indicates that ÒThere is i
for KDOQI to make a recommendation,Ó the Work G
any recommendation, suggestion, or other evidence
either direction) based on the very low, low, or inad
evidence amassed by the ERT.
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Statement: AV Access Early Postoperative
Considerations (0-30 days) —Early AV Access
Complications

10.1 KDOQI considers it reasonable for AV acce
(AVF and AVG) to be evaluated by a surgeon
operator for postoperative complications within
2 weeks and for an appropriate member of the
vascular access team to evaluate for AVF ma
ration by 4-6 weeks after AV access creation an
refer for further investigation if not maturing as
expected.(Expert Opinion)

Note: Ideally, the surgeon/operator evaluating for
would be the same individual who created the A
ch
o a
ne
cal

nd

nd
al
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eal
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pli-
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oup cannot make
based guidance (in
quate quality of

Rationale/Background
After creation of an AV access, there are 2 issues that n
be addressed: early surgical complications and usabi
maturation of the AV access. Early surgical complica
need immediate attention and are best addressed b
surgeon or operator who created the vascular acce
knowledgeable member of the vascular access team
nephrologists and/or nurses skilled in AVF examina
can determine usability and maturation. Typically, an
can be used almost immediately (early stick AVG) or
weeks (standard AVG) after creation. An AVF shou
evaluated for maturity at 4 to 6 weeks after creatio
concerned, arrangements must be made for furthe
vestigations, such as an ultrasound examination.

Detailed Justi � cation
Surgeons typically see patients within 2 weeks
construction of the vascular access to assess w
healing and evaluate for potential complications. E
complications of the vascular access are thromb
immaturity, infection, pain, numbness, weakness,
edema of the ipsilateral arm/hand.260,261 Infections are
more common after AVG than AVF placement. The
jority of AVG infections occur in the Þrst month a
placement.262 Hand or Þnger tingling and numbne
can occur from soft tissue swelling and hemato
compressing nerves but usually resolves within 4
weeks.261 Pain, numbness, weakness, and paralys
the hand and Þngers with a warm hand, often oc
ring immediately after surgery, suggests ischemic n
damage, a condition calledischemic monomelic neu
that typically requires immediate ligation of the vasc
access.263 Hand and Þnger pain with a cold and b
hand suggests ischemia that needs surgical measu
reperfuse the hand264,265 (Guidelines 18and19). Limb
edema could result from the surgical procedure itse
but, if persistent (>2 weeks), suggests central v
stenosis, especially if thepatient currently has or ha
ipsilateral CVC(s) or other central vein damage
manipulation.266
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Guideline 10. Post–AV Access Creation/CVC Insertion Considerations
AVF examination for maturity is important especial
patients are dialyzing with a CVC. The earlier
immaturity is detected and addressed, the shorter the
the patient receives HD with a CVC. An experienced
knowledgeable member of the vascular access team
as dialysis nurses and nephrologists skilled in AVF e
ination, can accurately assess maturity in most AVF
weeks after creation.4,127 In 1 study, experienced dialys
nurses were able to predict with 80% accuracy the a
to use AVFs for dialysis.127 The major causes of AVF failu
to mature can be detected by physical examination o
AVF.267-269The tools provided by the Fistula First Cath
Last initiative have not been validated but can sti
helpful, such as the ÒAVF Quick ReferenceÓ guide.270,271

The arm-raising test assesses adequacy of v
outßow, and the augmentation test assesses adequ
arterial inßow. In addition, the examination may rev
a large accessory vein or collateral vein and ste
contributing to AVF immaturity. If the physical exam
nation is equivocal, an appropriate follow-up inve
gation, such as ultrasound examination with Dopp
should be performed. This will help evaluate for ca
ative abnormality and assess AVF maturation pro
via AVF diameter and blood ßow (brachial artery
AVF). Minimum ultrasound criteria have been es
lished for AVF maturity at 4 weeks using vessel diam
and ßow parameters (vessel diameter, 4-5 mm
blood ßow, 400-500 mL/min).127,189,268,272,273 Should
a correctable cause for AVF immaturity be found
culprit stenosis or collateral vessels), this should
corrected in a timely manner to facilitate AV ac
maturation.
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Special Discussions
Tools provided by Fistula First Catheter Last initiative
not been validated but were created by a group of m
disciplinary experts in HD vascular access that the
Group believed might be helpful. See esrdncc.org
Þstula-Þrst-catheter-last/ffcl-resources/ffcl-profession
tools-and-resources/.
(

V
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l

Implementation Considerations
Routine re-training of relevant health team members
annual basis) on postcreation/postinsertion evaluation
monitoring for complications of AV access and C
respectively, should occur to maintain and upd
knowledge for optimal vascular access care.
ed
cs
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Monitoring and Evaluation
Evaluate whether the 2 to 4–week timelines suggest
need to be altered according to each facilityÕs logisti
practice patterns and what impact it has on a patient
access complications and usability.
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Future Research
Validate tools provided by Fistula First Catheter La
AVF maturation and the impact on AVF usability.

Statements: Postoperative AV Access Maturation

Patient Enhanced

10.2 There is inadequate evidence for KDOQI to mak
a recommendation on the use of upper extremity
exercise to facilitate postoperative AVF
maturation.

10.3 KDOQI recommends the use of whole arm rathe
than Þnger exercise, if exercise is used to facil
tate AVF maturation.(Conditional Recommend
Moderate-High Quality of Evidence)
osis
i-
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Pharmacologic Intervention

10.4 KDOQI does not suggest the use of heparin as
adjuvant therapy in the perioperative period to
improve primary patency or initial use of AV
access (AVF or AVG).(Conditional Recommend
Low Quality of Evidence)

10.5 KDOQI does not suggest the use of adjuva
clopidogrel monotherapy initiation in the peri-
operative period to improve AVF maturation and
reduce the likelihood of primary failure. (Condi-
tional Recommendation, Low Quality of Evidenc

10.6 KDOQI does not suggest the use of glycery
trinitrate to enhance AVF maturation. (Condi-
tional Recommendation, Low Quality of Evidenc

10.7 KDOQI does not suggest the use of cholecalcifer
to enhance AVF maturation.(Conditional Reco
mendation, Moderate Quality of Evidence)

10.8 There is inadequate evidence for KDOQI to mak
a recommendation on the use of clopidogrel-
prostacyclin (iloprost) for AVF usability or patency.
eg,
and
C,
te

and
s AV

Endovascular and Surgical Intervention

10.9 There is inadequate evidence for KDOQI to make
recommendation on the preferred use of surgica
or endovascular techniques for postoperativ
maturation. It is reasonable to consider a carefu
individualized approach to using either surgica
techniques or endovascular techniques whe
needing to intervene on an AV access to enhan
maturation postoperatively.
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Guideline 10. Post–AV Access Creation/CVC Insertion Considerations
Rationale/Background
AVF maturation failure and AVG thrombosis remain m
clinical problems for HD patients. Unfortunately, 20%
60% of AVFs created fail to mature successfully for di
use.77,233,234 Thrombosis accounts for almost 80% of A
failures235,236 due to an underlying stenosis at the ven
anastomosis.237-239 At present there are few, if an
effective therapies to enhance AVF maturation and r
AVG stenosis and thrombosis. Patient-enhanced
pharmacologic therapies to assist postoperative AV
maturation and stenosis/thrombosis prevention were
addressed in the 2006 KDOQI guideline.13 Moreover, the
type of intervention (eg, surgical or endovascular) was
addressed in the 2006 KDOQI guideline. Since the
KDOQI guideline, there have been several RCTs eva
therapies to assist AVF maturation and prevent
thrombosis in the early postoperative period.
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Detailed Justi � cation

Patient-Enhanced Postoperative Maturation
Among the postoperative interventions to promote
maturation that were reviewed, 1 patient-enhanced p
operative procedure and 1 pharmacologic therapy de
strated signiÞcant beneÞt to improve postoper
maturation. Although commonly practiced, there is ina
quate evidence demonstrating the beneÞt of arm exe
for AVF maturation. Arm exercises after AVF creation s
be positively considered, despite some literature sugg
no beneÞt versus control, in part because it is noninva
has little to no harm, and requires minimal costs.

Directed Upper Extremity (Elbow/Wrist/Hand)
Postoperative Exercise Program Versus Routine
Postoperative Care
Fontsere et al274 (N = 72) compared isometric exercis
along the whole arm postoperatively to usual rou
postoperative care, allocating 39 patients to the exe
and 33 patients to the control group. The exercise in
vention included repetitive exercise of the elbow, w
and hand using a ßex band, for a duration of 1 month a
AVF creation. The control group was not asked to per
speciÞc exercises. Potentially relevant drug use (eg
coagulant) was similar among treatment groups. Cli
AVF maturation, deÞned as an easily palpable ve
physical examination, with a straight-superÞcial segm
length of more than 10 cm, sufÞcient diameter, and g
palpable thrill, at 1 month was not statistically differ
between the exercise group (95%) versus the co
group (81%) (RR, 1.18; 95% CI, 0.97-1.42).274 This
nonsigniÞcant result was consistent with that found
using ultrasound criteria for AVF maturation, deÞned
draining vein diameter of� 5 mm, skin-vein distanc
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of � 6 mm, and brachial blood ßow rate of� 500 mL/min
of the exercise (82%) and control groups (74%), res
tively (RR, 1.10; 95% CI, 0.85-1.42).7 There was no dif
ference between the exercise and controls groups fo
change in mean brachial artery ßow (+389 mL/min [ex-
ercise] vs+431 mL/min [control]; P= 0.99); (2) change
in mean venous diameter (+2.1 mm [exercise] vs+2.5
mm [control]; P = 0.30).7 Harms, including potentia
repetitive stress injury, were not assessed. AVF loca
an effect modiÞer was analyzed. Proximal AVF (bra
cephalic, brachial-basilic) was 50% (19/38) in the ex
cise group and 68% (21/31) in the control group, with n
difference in clinical maturation. Clinical maturation
distal AVF was achieved by 95% in the exercise grou
60% in the control group. However, the effect of locat
(proximal vs distal AVF) on clinical maturation was
signiÞcant (odds ratio [OR], 3.78; 95% CI, 0.74-19.1
The effect of location on maturation became statisti
signiÞcant when ultrasound measures were used
6.82; 95% CI, 1.76-26.40). AVF maturation deÞned
ultrasound criteria for proximal AVF was achieved by
in the exercise group and 86% in the control group an
distal AVF was achieved by 69% in the exercise g
versus 50% in the control group. Clinical usability was
assessed in this study.

Arm Exercise Versus Finger Exercise
In a single-center study, Salimi et al275 compared isometri
exercises of the whole arm (n= 25) to limited Þnger
movements (n= 25). The intervention group performe
exercises at home, using a tourniquet placed 15 cm a
the AVF incision site. It included a deÞned number o
ercise repetitions over speciÞc time frames: 4 times
for 2 weeks after AVF creation that involved the h
lower arm, elbow, and upper arm. Exercise difÞc
progressed over the study period by making the exe
more challenging and adding in the use of light dumbb
(0.5 kg) and ßex bands. The comparison group did
have a speciÞed routine but were asked to routinely
and close their Þngers.275 Originally, 55 patients (n= 25 in
control group and n= 30 in intervention group) were
recruited, but 5 participants in the intervention group w
did not comply were not analyzed and not repor
Clinical maturation, deÞned as a palpable, relatively st
with >10 cm length of the superÞcial vein and a unifo
thrill on palpation, at 2 weeks improved with arm exerc
(52%) versus Þnger exercise (20%) (RR, 2.60; 95%
1.09-6.20). Maturation by ultrasound criteria, deÞned
draining vein diameter of� 6 mm, skin-vein distance of� 6
mm, and blood ßow rate of� 600 mL/min, were consid-
ered because AVF ultrasonographic maturation criteri
weeks were not statistically different between the w
arm (88%) and Þnger (68%) exercise groups (RR, 1
95% CI 0.9501.76). The change in ßow rate at 2 weeks
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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Guideline 10. Post–AV Access Creation/CVC Insertion Considerations
not statistically different with arm exercise (+431 mL/min)
versus Þnger exercise (+316 mL/min) (mean difference
114 mL/min; 95% CI, -41.0 to 269). There was no d
ference between groups for (1) mean change in
draining vein diameter: -2.32 mm (whole arm exerci
versus+1.63 mm (Þnger exercise) (mean difference,+0.72
mL/min; 95% CI, -0.20 to+1.64) or (2) mean change i
the skin to vein distance: -1.95 mm (whole arm exerc
versus 1.80 mm (Þnger exercise) (mean difference, -0
95% CI, -1.01 to 0.71).275

Pharmaceutical Treatment Postoperative
Maturation

Heparin in AVF and AVG. Four trials with a total of 336
participants276-279 evaluated heparin for AV access m
ration; the statistics provided here are for this comb
cohort. DÕAyala et al,278 Bhomi et al,276 and Wang et al279

were eligible to be pooled together and resulted in a s
population with mean age of 52, and 54% male. Prim
patency was reported in 3 trials276,278,279: short-term
primary patency (<60 days) was not different with hep
rin or no adjunctive treatment (RR, 1.01; 95% CI, 0.
1.60). The ability to use the AVF for dialysis at 3 mo
did not differ between participants who received hep
versus no adjunctive treatment (RR 1.13; 95% CI, 0
1.57). Harms reporting was inconsistent across stu
Two trials reported hematomas.276,279 Bhomi et al had no
hematomas in either group, whereas there was no s
tical difference in hematomas with heparin (12%) ve
no heparin (5%) in Wang et al (RR, 2.68; 95% CI, 0.
24.1). AVF thrombosis was reported by Chen et al277 and
occurred in 13% of the heparin-treated group and 17%
the no-heparin group (RR, 0.80; 95% CI, 0.34-1.8
None of the trials assessed the effect modiÞcation o
tient, vessel, or care delivery characteristics.

Clopidogrel. Two trials with low risk of bias enrolled
total of 970 participants.280 Dember et al31 randomized
877 patients to clopidogrel 300 mg the Þrst day after
creation, followed by clopidogrel 75 mg daily or place
treatment for 6 weeks and were followed up until 150
180 days after AVF creation or 30 days after initiatio
dialysis, whichever occurred later. Ghorbani et al280 ran-
domized 93 patients in a separate study, 46 to clopido
75 mg daily versus 47 to placebo control daily, 7 to
days before AVF creation up to 6 weeks postoperat
These 2 studies were eligible for pooling, which resu
in a study population with mean age of 51 years and
male. (Primary failure, deÞned as thrombosis 6 weeks
AVF creation, favored the treatment group at 6 wee
Dember et al: RR, 0.63; 95% CI, 0.46- 0.86.31) At 8
weeks, the primary failure outcome in Ghorbani e
showed no statistical difference between treatment
(RR, 0.26; 95% CI, 0.06-1.14). The pooled failure r
that was not statistically different with clopidogrel (11
versus placebo (19%) (RR, 0.55; 95% CI, 0.29-1.03).
ability to use the AVF was not different with clopidog
(38%) versus placebo (41%) at 6 weeks (RR, 0.94;
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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CI, 0.79-1.13) or at 6 months (clopidogrel [52%]
placebo [51%]; RR, 1.02; 95% CI, 0.69-1.51). Seri
harms, bleeding, and thrombosis were reported by
both studies31,280 and were not statistically different wi
clopidogrel versus placebo. Dember et al reported
statistical difference in surgical or percutaneous
terventions with clopidogrel (1.6%) versus placebo (2.
(RR, 0.69; 95% CI, 0.27-1.81). No trial assessed
effect modiÞcation of patient, vessel, or care del
characteristics.

Glyceryl-Trinitrate. Field et alÕs single-center tria281

randomized 99 to the glyceryl-trinitrate group and 1
to the placebo group. Of these, 167 patients comp
surgery, 86 received glyceryl-trinitrate transdermal pa
and 81 received a placebo patch applied near the a
mosis/incision site and then dressed, immediately
surgery. Patients were told to remove the patch
24 hours and were followed for 6 weeks. Radioceph
or brachiocephalic AVF were included. Data from 16
the 200 randomized patients was used in the ana
Primary Þstula failure at 6 weeks was not signiÞc
different with glyceryl-trinitrate patch (28%) versus p
cebo (23%) (RR, 1.19; 95% CI, 0.71-2.0). Veno
diameter mean change showed no statistical diffe
between the glyceryl-trinitrate patch (+2.2 mm) versus
placebo (+2.3 mm) (mean difference, -0.10; 95% C
-0.66-0.46).281

Cholecalciferol. Wasse et al282 randomized 52 preva
lent HD patients scheduled to have AVF creation with
weeks to oral vitamin D3 (cholecalciferol) 200,000
weekly (n = 25) or placebo (n= 27) for 3 weeks and
followed them for 6 months. Eight participants died, w
lost to follow-up, or never received permanent acc
leaving 44 participants in the study. Nine (20%) of th
44 participants ended up receiving AVGs instead of A
The ability to use the AVF at 6 months was not statist
different between cholecalciferol (45%) and plac
(54%) (RR, 0.83; 95% CI, 0.45-1.53).

Clopidogrel and Iloprost. Abacilar et al283 randomized
96 participants to a combination of clopidogrel and
prost (n= 40) or placebo (n= 46) and followed them for
1 year. Those on treatment were given 75 mg/day
clopidogrel and 200 mg/day iloprost (clopidogrel/ilo
prost) starting 7 to 10 days before surgery and contin
for 52 weeks. Primary failure was lower with clopidogr
iloprost (8%) over placebo (30.4%) at 4 weeks (RR, 0
95% CI, 0.09-0.74). Primary patency was higher w
clopidogrel/iloprost (85%) versus placebo (68%) a
months (RR, 1.28: 95% CI, 1.02-1.61). Maturation w
better with clopidogrel/iloprost (87%) versus place
(67%) at 3 months (RR, 1.28; 95% CI, 1.01-1.61). Th
was no statistical difference in rates of adverse event
clopidogrel/iloprost (18%) versus placebo (13%) (R
1.38 95% CI, 0.52-3.58) or reoperations (0% in clo
dogrel/iloprost vs 4% in placebo; RR, 0.20; 95% CI, 0
4.06).283
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Guideline 10. Post–AV Access Creation/CVC Insertion Considerations
Although clopidogrel/iloprost in 1 study showed s
niÞcant beneÞt to improve primary patency and ma
tion,283 consideration of use should be individualized in
elderly and frail population. Detailed evaluation of the s
by Work Group members revealed study inconsiste
that raised caution and led the group to lower its rec
mendation. Indeed, the KDOQI Work Group discusse
clopidogrel/iloprost study at length and believed tha
larger, rigorously designed and conducted RCT to eva
this drug regimenÕs effect to improve AV access out
would be needed. Furthermore, a much larger RCT
more than 900 patients31 evaluating clopidogrel only vers
placebo did not demonstrate signiÞcant beneÞt to imp
clinical AVF use but did demonstrate signiÞcant bene
reduce early thrombosis. Thus, the true beneÞt of c
dogrel to improve AVF maturation needs further evalua

Other Interventions
Data extraction on the type of intervention, endovas
versus surgery, used to intervene on a nonmaturing
access was not performed. Formal comparative s
directly evaluating these 2 methods in salvaging
maturing AVFs are lacking. The studies published to
primarily regarding AVFs, have shown conßicting
sults.284-288 RCTs will be needed to determine
appropriate type of intervention used to intervene fo
nonmaturing AVF. Moreover, recently, a more aggre
approach to AVF maturation failure in which repea
long-segment angioplasty procedures (BAM) has
used to sequentially dilate up the peri-anastomotic ve
segments. Two single-center studies evaluating
techniques to salvage nonmaturing AVFs have been
lished. These 2 studies demonstrated that a large pr
tion of immature AVFs could be salvaged for successf
on dialysis, but postintervention primary unassis
patency rates were poor, and the number of postma
tion angioplasties per year to maintain function
high.289,290 Prospective and randomized studies of B
compared with standard of care need to be performe
the future.

Tables of studies, evidence quality, and risks of bia
provided inSupplement 3, Tables S60-S89.
re
en
thods
hys-
ide
ency
; and
best

is

for chronic he-

xhausted (after

g, PD, due to
leural leak,
t is expected
plication is

h established
Special Discussions
Additional Work Group discussion determined that the
a need to (1) provide a uniform recommendation on wh
to abandon an AV access; (2) determine the best me
to evaluate for postoperative maturation, including p
ical examination techniques and imaging; (3) prov
uniform deÞnitions of AV access maturation and pat
that are relevant for both clinical and study purposes
(4) create consensus guidelines to determine the
protocols to intervene for nonmaturing AVF (eg,< and>6
weeks) and early AVG problems.
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Implementation Considerations
Although some of these studies did not meet the
speciÞed primary outcome, several important secon
outcomes were achieved; thus, use of these therapies
be considered on an individual basis. Moreover, ther
such as clopidogrel, which is an antiplatelet agent, re
special consideration for use in the elderly and/or
population, who have a high risk of falls or other bleed
events.
ith
s
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on.
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Future Research
The Work Group determined several areas for cr
future research in this area, which include (1) the role
surgical versus endovascular procedures to enhanc
maturation; (2) the potential role of protocol-driven A
maturation (eg, BAM), in particular, the short- and lo
term risks and beneÞts of this procedure; (3) the po
tial role of external assistance, such as the Fistula
device in AVF maturation and others, that may b
development or early-phase clinical studies and ma
promising.
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Statements: Timing of CVC Removal

Noncuffed, Nontunneled Catheters (NT-CVC)

10.10 KDOQI considers it reasonable to limit the use
of temporary, noncuffed, nontunneled dialysis
catheters to a maximum of 2 weeks due to
increased risk of infection, and this should be
considered only in patients in need of emergen
access.(Expert Opinion)

Cuffed, Tunneled CVC

10.11 KDOQI considers it reasonable that in HD pa
tients for whom a cuffed, tunneled CVC is the
most appropriate permanent dialysis acces
there is no maximum time limit to CVC use, but
regular evaluation is required to determine if
the CVC remains the most appropriate dialys
access.(Expert Opinion)

Note: Appropriate uses of a cuffed, tunneled CVC
modialysis include the following:

1) All other AV access options have been e

thorough multidisciplinary evaluation)
2) Temporary switch from another modality (e

PD-related complications such as p
transplant–acute rejection, etc), but the patien
to return to that modality after the com
adequately resolved

3) Awaiting live-donor kidney transplant wit
surgical date (<90 days)
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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AJKD V
4) Very limited life expectancy (eg,<6-12 months)
5) Clinical conditions that would worsen with A

HF with EF<15%, nontreatable skin lesions
nulation/scratching signiÞcantly increases
rupture risk, etc)

6) Patient choice after proper informed consen
>85-year-old elderly woman with high risk
failure, needle phobia, and unknown life ex
f an 5
ost 7
Note: The above points regarding appropriate use o
in Guideline Statement 2.2.
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Rationale/Background
In patients for whom an AV access has not been crea
not ready for use, or is not possible, HD can be perfor
with a HD catheter. In the United States, 80% of pat
were using a CVC at HD initiation in 2015, which
changed little since 2005.139 At 90 days after initiation o
dialysis, 68.5% of HD patients were still using a CVC139

The type and duration of CVC use during this time m
be considered because it may have implications for p
well-being.

Nontunneled, noncuffed catheters (NT-CVCs) ser
temporary role for acute clinical situations where immed
HD is needed and/or there are immediate barriers or
traindications to placement of a cuffed tunneled cath
(CVC). Sepsis, lack of image guidance, and uncorre
coagulopathy are examples of such barriers. It is know
cuffed, tunneled CVCs have a lower risk of infection
NT-CVC.291,292 Therefore, NT-CVC use should be limit
A related question of when to switch from a NT-CVC
tunneled CVC in patients who do not recover from AK
not been addressed by prospective studies. Howev
study noted that the need for dialysis in acute kidney in
(AKI) often exceeded 3 weeks.293

The prior 2006 KDOQI guideline Statement 2.4
ommended that there should be a plan to (1) discont
or (2) convert any short-term catheter (NT-CVC) t
long-term catheter (CVC) within 1 week. As for maxim
CVC dwell time, there may be concerns about CVC
bility and of the CVC becoming incorporated or sca
into the venous wall over a prolonged period of tim
Complications related to these concerns have bee
ported, such as breakage and migration of CVC
incorporated and retained CVC sections that have c
fatal sepsis, etc.294 Although resistant adherent CVCs,
known asstuck catheters, can be removed by endovascu
techniques, if unsuccessful, it may require open h
surgery to extract scarred in CVCs.295 Despite these re
ports, no studies have ascertained an ideal dwell
Furthermore, other opinion-based guidelines296,297 now
recommend against routine change of CVCs, includin
prior 2006 KDOQI guideline. Furthermore, there
newly described techniques that allow minimally inva
ol 75 | Iss 4 | Suppl 2 | April 2020
access (eg,
here can-
infection or

(eg, competent,
AV access

ectancy)
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removal of stuck catheters298,299 in situations where th
cuffed, tunneled CVC is a valid choice for vascular a
but needs removal or exchange.

Detailed Justi � cation
In terms of short-term use, in 1 study, the infection r
increased exponentially after 1 week with actuarial an
of 272 catheters (37 CVC vs 235 NT-CVC) showin
difference in infection rates by 2 weeks.291 Also, infection
rates per 1,000 days at risk for NT-CVC were more th
times greater versus internal jugular CVC and alm
times greater with femoral NT-CVC.291

In HD catheters for AKI or urgent/emergent H
starts, a prospective multicenter RCT comparin
NT-CVC to CVC (internal jugular vein location)
critically ill patients found a signiÞcant reduction
CVC-related sepsis with CVC.300 A single-center retro
spective study found that mean CVC dwell time
patients who eventually recovered from AKI was
days, with only 15 of 76 (20%) patients recoveri
kidney function within 1 week.293

In terms of long-term use of HD catheters, altho
there are concerns regarding stuck HD CVC with po
embolization of fragments during removal attempts, th
have been recent techniques that now allow for extra
percutaneously. These include laser extraction simi
pacemaker lead extraction and intraluminal CVC dil
that dislodges the CVC from vessel walls.298,299

Special Discussion
Although uncommon, complications such as resis
adherent CVCs, also known as astuck catheters, may require
management by operators with prior specialized experi

Monitoring and Evaluation
Regular re-evaluation of the patientÕs use of CVC req
including whether the patient should receive conserv
care.

Future Research

� Testing long-term durability of dialysis catheters
� Materials to prevent resistant adherent CVCs (

catheters); do newer removal techniques prevent
catheters in the long term?
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Guideline 11. Vascular Access Use
Please refer toBox 1to understand the evidence basis
the Guideline Statements.

Note: When a statement indicates that ÒThere is i
for KDOQI to make a recommendation,Ó the Work G
any recommendation, suggestion, or other evidence
either direction) based on the very low, low, or inad
evidence amassed by the ERT.
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Guideline 11. Vascular Access Use
Statement: Vascular Access General Monitoring

11.1 KDOQI considers it reasonable to assess or che
the vascular access and surrounding area
physical exam prior to every cannulation (if AV
access) or connection (if CVC) for potentia
complications.(Expert Opinion)
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Statements: AV Access Cannulation
Please reviewGuideline Statement 11.1.

11.2 KDOQI recommends rope ladder cannulation a
the preferred cannulation technique for AVFs
(Conditional Recommendation, Moderate Q
Evidence)

11.3 KDOQI considers it reasonable to limit AV acces
buttonhole cannulation only to special circum-
stances given the associated increased risks
infection and related adverse consequence
(Expert Opinion)

11.4 KDOQI considers it reasonable to avoid button
hole cannulation in synthetic PTFE grafts due t
potential serious consequences.(Expert Opinion)

11.5 KDOQI suggests that when select buttonho
cannulation is performed, the use of buttonhole
cannulation devices to facilitate cannulation
should be at the discretion and expertise of th
cannulator. (Conditional Recommendation, Low
of Evidence)

11.6 KDOQI considers it reasonable to use skille
cannulators with established high rates of can
nulation success to perform initial AV acces
cannulations on patients to help avoid primary
inÞltration injury of the AV access. (Expert
Opinion)

11.7 KDOQI considers it reasonable to have structure
training and supervision of dialysis technicians
and nurses before and during their initial can-
nulation attempts, and regular training updates
to maintain cannulation competency. (Expert
Opinion)

11.8 KDOQI considers it reasonable to support an
educate eligible patients on self-cannulation of thei
AV access (AVF or AVG).(Expert Opinion)

Note: To be clear, any consideration of buttonhole
only to AVF and certain AVG materials. AVG m
should not be accessed by buttonhole cannulat
Òone-siteitisÓ and its serious consequences.

Note: SeeGuideline Statement 12.2for use of ultrasound fo
access cannulation.
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Rationale/Background
Once an AV access is created and nurtured to Òreadin
cannulation,Ó the next important step is AV access
nulation. The Þrst cannulation is often a source of an
for the patient—and often for the cannulator as we
Problems with cannulation can lead to a range of c
plications, from mild inÞltration injury to major hem
tomas or blood loss requiring blood transfusions, and
loss of the AV access. Mild inÞltration injury can occ
frequently as>50% of all AVF and major inÞltrations of 5
to 7%.3 Thus, it is critical to ensure that cannulators h
received adequate training and mentoring to facilitate
achieve successful cannulation. A successful cannula
one where 2 needles of adequate size are inserted in
AV access at the right depth and angle to facilitate
scribed dialysis andin which this is achieved with minima
pain or no complications. Different cannulation techniq
can be applied effectively301 but require skilled cannulato
who have received adequate initial and ongo
training302 and continued close monitoring of the A
access.
uality

annulation refers
ade of PTFE
n, due to risks of

AV

Detailed Justi � cation

Technique
There were 5 unique RCTs and 7 observational st
reviewed on cannulation technique. Three trials (total=
265)303-305 compared buttonhole cannulation ver
rope-ladder (RL) cannulation. Neither AVF survival
pain with cannulation was statistically different w
buttonhole versus RL cannulation. For example, MacR
et al303,304 showed no difference in AVF survival (R
1.04; 95% CI, 0.81-1.34). Although pain was n
different between techniques, lower use of lidoca
with buttonhole cannulation was reported.

Patient satisfaction was also not signiÞca
different with buttonhole versus RL.305 Chow et al305

reported the Kidney Disease Quality of Life sc
which includes the Short Form (SF) Health Survey.
SF-12 physical and mental composite scales
described as showing no signiÞcant difference betwee
groups. (The SF-12 physical composite score had
of 35.80 [buttonhole] vs 33.88 [RL]; the SF-12 men
composite score had a mean of 42.58 [buttonhole
44.39 [RL].)

The need for surgical or endovascular intervention
also not signiÞcantly different between buttonhole
RL.304 At 1 year, MacRae et al304 found the rate of surgica
intervention with buttonhole (0.09 per patient-year
risk) versus RL (0.11 per patient-year at risk) (RR, 0
95% CI, 0.33-1.89) and the rate of endovascular in
vention with buttonhole (0.90 per patient-year at ris
versus RL (0.72 per patient-year at risk) (RR, 1.28;
CI, 0.78-2.10). No other intermediate outcomes w
reported.
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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Guideline 11. Vascular Access Use
Hematomas were reported with varying results.303,305

MacRae et al303 found signiÞcantly fewer hematomas
dialysis session with buttonhole (295 per 1,000 dial
sessions) versus RL (436 per 1,000 dialysis session
weeks (RR, 0.68; 95% CI, 0.58-0.79). In contrast, Ch
et al305 reported signiÞcantly more hematomas w
buttonhole (12%) versus RL (0%) at 26 weeks (RD, 0
95% CI, 0.01-0.23). There was no difference w
thrombosis or exit site infections. For example, po
analysis of 3 trials showed that exit site infections
buttonhole cannulation had RR of 4.41 (95% CI, 0.
123.5)304-306 (Fig 11.1).

Of importance was the risk of serious AV access–related
infections.Staphylococcus aureusbacteremia was signiÞcan
more frequent with buttonhole (13%) versus RL (0%)
year (RR, 19; 95% CI, 8-46; RD, 0.13; 95% CI, 0.
0.21).304 The quality of evidence for this harm was stro
compared with the quality of evidence for other Þndi
of the cannulation technique.

Tables of studies, evidence quality, and risks of bia
provided inSupplement, 3 Tables S90-S97.

Aids to the Buttonhole Cannulation Technique
Two trials examined cannulation aids (total n= 226) and
assessed outcomes at 1 year. Vascular access failur
signiÞcantly lower with buttonhole-peg cannulation (0
versus usual care (different-site) (13%) in 1 trial (R
0.06; 95% CI, 0.03-0.15; RD, -0.13; 95% CI, -0.21
-0.05).307 Total interventions (Þstuloplasty or thromb
tomy) were signiÞcantly lower with buttonhole-peg c
nulation (19%) versus usual care (39%) in 1 trial (R
0.48; 95% CI, 0.26-0.89).307
Life-
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Figure 11.1. Buttonhole infection.
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Vaux et al307 reported that enlargement of existi
aneurysm was signiÞcantly lower with buttonhole-
cannulation (23%) versus different-site technique (6
(RR, 0.34; 95% CI, 0.12-0.99). However, developmen
a new aneurysm did not differ: buttonhole-peg cann
tion was 4% versus different-site technique at 17%
0.27; 95% CI, 0.06-1.17).307

Of note, using a buttonhole cannulation aid was a
ciated with increased risk of cannulation site infec
(whereas not using one was not, as discussed). Ex
infections were signiÞcantly higher with buttonhole-p
cannulation (3%) versus different-site technique (0%
a pooled analysis of data from the 2 trials (RR, 4.60;
CI, 2.31-9.18).307,308 Again, the quality of this eviden
was stronger than the other outcomes.

Special Discussions
Given the high risk of infectious harms with buttonh
cannulation (eg,S aureusbacteremia) and low evidence
clinical beneÞt with buttonhole (eg, no difference in
access survival, surgical, and endovascular interventi
patient comfort), the Work Group agreed on a caut
approach to accessing the patientÕs lifeline with a de
to prefer the RL cannulation technique. However,
recognized that circumstances do exist where button
cannulation may be necessary (Table 11.1). The Work
Group commented that, for in-home HD patients w
cannot cannulate using the RL technique, the infection
associated with buttonhole cannulation is similar t
well–cared-for CVC309-313; thus, the decision to continu
with an AVF with buttonhole cannulation or insert C
must be carefully considered, weighing the risks
beneÞts or both in the context of the patientÕs ESKD
Plan. The potential risks of Òone-siteitisÓ and its c
quences in synthetic grafts made of materials such as
can be serious; therefore, the Work Group took a cau
approach to avoid buttonhole cannulation in these
cumstances. The use of buttonhole cannulation in o
nonautogenous graft materials, such as bovine or
biological material, is limited,314 so the Work Group
cannot comment on this. In the absence of evidence
Work Group considers it reasonable to use the same
cautions as with native AVF cannulation until data
available.

In such situations where buttonhole cannulation
appropriate, careful establishment of the buttonhole
proper training, retraining, and close monitoring
Table 11.1. Circumstances Where Buttonhole Cannulation May Be
Acceptable

AVF has only a short or small segment for cannulation

Enlarging or large aneurysm to prevent its further expansion

Failure of rope-ladder cannulation for cannulators (eg, home
hemodialysis) who have established excellent hygiene and cannulation
technique
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Guideline 11. Vascular Access Use
required. Although the buttonhole-peg has potential
vantages, it is also associated with increased risks o
nulation site infection, whereas buttonhole without a
does not appear to share that risk (but has a high ri
bacteremia). Thus, the decision to use a buttonhole
must be carefully considered in an individualized man
considering the characteristics and skills of both the pa
and cannulator, respectively.

The skill and experience of a cannulator is intuiti
important for cannulation outcomes, although there ar
rigorous studies reporting on this. The use of expert
nulators to perform initial AVF cannulations was discu
however, there are no widely accepted or standard
deÞnitions ofexpert cannulator. Ideally, all nurses, techn
cians, patients, and physicians cannulating an AV a
should have a level of proÞciency such that both new
established AV accesses can be cannulated with th
degree of comfort, reliability, and success.

The speciÞc details on the mechanics of accessing
access, for example, clean or aseptic technique, we
discussed but should follow universal infection con
guidelines and adhere to speciÞc dialysis unit/instituti
policies. The use of graduated needle sizes, advancing
ßow rates, and so on should be individualized to mee
prescribed dialysis needs to achieve patient goals.
consideration of the ESKD Life-Plan is very importan
example, a patient on home nocturnal dialysis may be
cannulating with needles and blood pump speeds tha
quite different (eg, Qb of<300 mL/min) than a patien
being cannulated by a technician with 14-gauge need
satisfy a Qb of 450 mL/min in a 3- to 4-hour facili
dialysis session (as may be the case in some US faci

Furthermore, since the last Guidelines, the prior Ò
of 6sÓ has been assessed by the National Institu
Health Hemodialysis Fistula Maturation Study. Altho
blood ßow, vein diameter, and depth were shown to
important, when using criteria of Þstula blood ßow of 6
mL/min, vein diameter of 6 mm, and depth of 2 m
below the skin, the likelihood of maturation success
approximately 50%, with greater depths having po
maturation outcomes (in other words, a depth of 6 m
would likely be less successful, if maturation was only
with a depth of 2 mm).315 Thus, the cannulation criter
needs to be revisited and studied further. The principa
having a vein of adequate length and diameter that is
accessible (ie, not too deep and properly located to a
for comfortable needle cannulation) continue to ho
Cannulation criteria may, in part, be dependent on ne
size and blood pump speed needed to achieve ade
dialysis. This is supported by the observed variatio
cannulation times and successes around the wor
studies comparing cannulation practices patterns.85,316,317

Finally, the use of ultrasound-guided cannulation
discussed at length among Work Group members. D
the reliance on operator expertise, resources requ
mixed patient and user feedback, and the paucit
literature to support its widespread use, the Work Gr
S74
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supports its use in select patients until further resea
available. Select patients where ultrasound guidance
be useful include Þrst or new AVF cannulation whe
cannulatorexperienced and competent with ultrasoun
lationdeems that it may aid in cannulation, in an AVF w
prior inÞltration injury, or to avoid cannulation comp
cations (Guideline Statement 12.2).

Implementation Considerations
Training and retraining of cannulators is critical to en
maintenance of competency of cannulation skills. The
of cannulation simulation may be beneÞcial and shou
studied.

Monitoring and Evaluation
New or altered cannulation protocols should be monito
in a continuous quality improvement manner to estab
that change has made an improvement (eg, a reducti
the rate of inÞltration injury).

Future Research

� Study of criteria for AV access readiness to cannu
� Rigorous study of use of ultrasound-guided cann

tion—its safety, efÞcacy, and impact in busy dia
units—is needed

� More study of the details of the mechanics of cann
tion at a patient level (eg, needle size and type, a
retrograde/antegrade, graduated ßow rates u
varying circumstances) for best patient and dia
outcomes is required

� Evaluating different simulation models and techniq
for improving cannulation success—does it improve
cannulation competency, reduce cannulation com
cations, and improve patient satisfaction?

� DeÞneexpert cannulatorand how such expert cannulato
can maintain their expertise and be best maximize
improve overall cannulation success within a dia
unit or for the individual patient

� Rigorous studies to evaluate the use and outc
associated with alternative cannulation-assistive de

� The safety, efÞcacy, and patient satisfaction with
plastic cannulae

� Safety of buttonhole cannulation in nonautogen
biologic graft materials
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Statements: CVC System Connect and Disconnect
Procedure Considerations
Please reviewGuideline Statement 11.1.

11.9 KDOQI suggests the use of a catheter care proto
for exit site and hub care to reduce catheter
related bloodstream infections and treatment o
catheter dysfunction.(Strong Recommendation, M
ate Quality of Evidence)

11.10 KDOQI considers it reasonable, in addition to
correct hand hygiene/washing, to use asepti
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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Guideline 11. Vascular Access Use
technique and masks for patients and staff pe
forming catheter connection and disconnectio
procedures.(Expert Opinion)

11.11 KDOQI considers it reasonable to cleanse t
catheter hub when connecting and disconnec
ing the catheter with a chlorhexidine based
solution. If chlorhexidine is contraindicated
(eg, sensitivity, allergy), povidone-iodine solu-
tion (preferably with alcohol) is a reasonable
substitute and should be used.(Expert Opinion)

11.12 KDOQI considers it reasonable at the time o
catheter dressing change to cleanse the s
surrounding the catheter exit site with a
chlorhexidine based solution. If chlorhexidine
is contraindicated (eg, sensitivity, allergy)
povidone-iodine solution (preferably with
alcohol) is a reasonable substitute and should b
used.(Expert Opinion)

11.13 There is inadequate evidence for KDOQI t
make a recommendation on the speciÞc chlo
hexidine formulation to use for infection pro-
phylaxis, and this should be based on th
clinicianÕs best clinical judgment and loc
practical considerations.

11.14 There is inadequate evidence to demonstrate
difference in catheter-related infections with the
use of transparent Þlm dressing compared wi
nontransparent dressing; thus, the choice
catheter dressing material should be based on t
clinicianÕs discretion that considers the patien
circumstances and uses best clinical judgment

11.15 KDOQI considers it reasonable to use a topic
antiseptic or antibiotic barrier at the catheter
exit site in addition to cleansing until the exit
site is healed to reduce the risk of cathete
related infection. (Expert Opinion)

11.16 There is inadequate evidence to demonstrate
difference in catheter-related infections
Figure 11.2. The pathogenesis of bio� lm formation. Abbreviation: EPS, e
of Elsevier; original image© 2006 by the National Kidney Foundation, Inc
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between the use of various antiseptic or ant
biotic topical exit site barriers; thus, the choice
of topical exit site barrier should be based o
the clinicianÕs discretion and best clinic
judgment.

11.17 KDOQI considers it reasonable to follow thes
catheter care practices (Expert Opinion):
xtracell
.

� The frequency of catheter dressing chan
should be based on the clinicianÕs discreti
and best clinical judgment, with a minimum
of once weekly

� Catheter dressings should be protected agai
wet and dirty environments, particularly when
the exit site is not yet fully healed (eg, avoid
swimming and showering)
s

l

Note: SeeGuideline Statements 21.2and21.3for statements
CVC connectors to prevent CVC dysfunction or
Guideline Statements 24.3-24.5for statements on intral
strategies for the prophylaxis of CVC-related in

Rationale/Background
Hemodialysis CVCs, when compared with AV acces
associated with a 2- to 3-fold higher risk of infectio
related hospitalization and associated costs du
catheter-related blood stream infections (CRBSI).67,318,319

Contamination of the external and internal CVC su
through both the extraluminal and intraluminal pathwa
respectively, involves the transfer of organisms during
manipulation, such as during dressing changes
connection and disconnection of the CVC. The trans
organisms are from either the health providersÕ or pa
hands (if patient does own CVC care), the patientÕs s
surrounding clothing to the CVC exit site opening
tunnel (extraluminal pathway of organism entry) or to
external or internal surfaces of CVC hubs or caps (e
luminal or intraluminal pathway)297,320 (Fig 11.2). As
such, some guidelines have recommended (1) min
manipulation of the CVC to reduce the risk of infect
(2) limiting access of HD vascular access to personne
are adequately trained, and (3) need for regular re-trai
ular polymeric substance. Reproduced from Lok665 with permission
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Guideline 11. Vascular Access Use
of individuals handling HD catheters (or any dialysis
cess).321 As a result, many dialysis units restrict acce
the CVC to the provision of HD, unless in emerge
situations. The prior 2006 KDOQI guideline reco
mended CVC dressing changes at each dialysis ses320

The current guideline differs by suggesting only
necessary minimal manipulation of CVC until the exit
and tunnel are healed to reduce the risk of infection.
Guideline suggests the preferred use of chlorhexidin
CVC and exit site cleansing, unless contraindicated, s
to prior recommendations.

Detailed Justi � cation
Vigilant CVC care is required, including regular inspec
of the CVC, tunnel, and exit site, and adherence to
care protocols. Both the patient and the HD staff sh
follow universal precautions and hygienic measures.
2006 KDOQI guideline recommended that staff man
lating CVCs should wear a mask and clean or s
disposable gloves; however, the data supporting mas
extrapolated from studies of their use during CVC in
tion.322,323 During CVC insertion, the risk of infection
high due to direct exposure of the vessel and bloodst
to the external environment. Whether or not masks
required is unclear in situations where the exit sit
healed. However, extra protection is theoretically affo
if the health care provider or patient inadvertently sne
coughs, or spits (eg, while talking) during CVC care.
use of sterile gloves (vs new clean gloves) is also co
versial, particularly when the use of no-touch techniqu
strictly enforced.

Hub Care
Risks of contamination of the hub and infection incl
(1) contact of the exposed CVC hub with a nonste
surface (eg, bedside desk) or object (eg, hand) (2)
longed exposure to the air (3) improper cleansing of
hub, and (4) patient or provider breathing on the expo
hub.324 Thus, it is important to reduce the hub expos
time, and diligent hub cleansing is required. Doing so
result in a marked (almost 4-fold) decrease in CR
rates,325 approaching a rate of 1 episode/1,000 cath
days.325 Thus, adopting protocols that incorporate limit
hub exposure time and increasing protection by vigoro
Òscrubbing the hubÓ is very important and is support
these and other guidelines.296,297

Catheter and Exit Site Cleansing
One cluster RCT (n= 422 facilities) compared a new CV
care protocol involving exit site disinfection with 2
chlorhexidine and 70% alcohol swab sticks and
alcohol pads for hub care to current practice (no spe
disinfectant, no scrubbing of CVC hubs326). SigniÞcantly
fewer blood stream infections were reported in the in
vention facilities. A patient-level analysis, adjusted
cluster effect, yielded an RR of 0.79 (95% CI, 0.78-0.
Adverse events were reported only for the interven
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facilities, which included chlorhexidine sensitivity. A to
of 184 local, non–life-threatening events were reported
82 study participants.

In a pilot RCT (n= 105), a 2% chlorhexidine in 70%
isopropyl alcohol solution was compared with chlorh
dine solutions (either 0.5% chlorhexidine in alcohol [8
of control group] or 0.05% aqueous chlorhexidine [19%
control group]) for CVC exit site antisepsis.327 Follow-up
was 12 months. Overall, fewer CVC-related infec
were noted in the intervention group compared with
control group, but the difference was not signiÞcant (
0.49; 95% CI, 0.18-1.34). There were also no signiÞ
differences between groups for speciÞc types of infe
(ie, CRBSI or exit site). Skin sensitivity reaction was rep
in 4 participants in the 2% chlorhexidine in 70% alco
group (Fisher exact test,P= 0.12)

Given this evidence, the Work Group strongly sugg
using a CVC care protocol that involves chlorhexidine
if circumstances permit, using chlorhexidine gluconate
or 2% and 70% alcohol solution.296,297 Additional researc
by the Work Group found chlorhexidine skin cleansin
be superior to povidone-iodine and alcohol in the p
vention of CVC-related infection.328-330 If chlorhexidine is
contraindicated (eg, skin sensitivity or allergy), povido
iodine 10% in 70% ethanol should be used.331 The anti-
septic solution should be applied using friction, for at l
30 seconds, and allowed to air-dry without wiping
blotting, to promote adherence of the dressing materi
the skin and reduce the likelihood of skin breakdown
infection. Multidose cleansing solution bottles
discouraged due to the risk of cross-contamination
cleansing solutions should be single use, for examp
disposable swab stick or pad.297

Exit Site Barriers and Dressings
The routine application of topical antiseptic/antibio
ointments at the CVC exit site has been shown t
associated with a 75% to 93% reduction in the ris
CRBSI.332-334 Topical ointments that have been stud
include mupirocin, povidone-iodine, and Polysporin trip
antibiotic ointment. A 6-year prospective follow-up stu
using a Polysporin triple-ointment application at the exit
of HD catheters has not demonstrated microbial resis
or loss of efÞcacy for infection prophylaxis, with bactere
rates consistently<1.0/1,000 catheter days.309 Medical-
grade honey has been shown to have equivalent ef
to mupirocin for CRBSI.335 Such Þndings are supported
the ERT. For example, bacteremia occurred in 12%
medical-grade honey and 10% with mupirocin prophyla
application at the CVC exit site (P= 0.78).336 Bacteremia
free survival also did not differ between these gro
(HR, 0.94; 95% CI, 0.27-3.24).

Given the reduction in CRBSI using topical antisep
antibiotic barriers compared with placebo or no barr
but no signiÞcant differences between types of antise
antibiotic barrier, the Work Group suggests the choic
barrier based on the clinicianÕs best clinical judgmen
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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Guideline 11. Vascular Access Use
local practices. Whether the beneÞt exists after exit sit
fully healed is unclear. However, it is important to re
that exit sites require re-healing after each CVC exch
As with the use of any intraluminal solutions, a
cleansing solution or antiseptic/antibiotic used topic
should be compatible with the CVC material.

All dressing material should be applied using
touch or aseptic techniques.No-touch techniquemeans tha
all open ports and ends of CVCs are not touched
hands or gloves (seehttp://antt.org/ANTT_Site/home.
html). Recent data indicate that there is no signiÞ
difference between transparent, semipermeable dres
and standard gauze dressings with respect to CVC e
colonization or CRBSI.337-339 This is also supported by th
ERT. For example, 1 small RCT (n= 66) compared 2
dressings: a sterile transparent Þlm and a traditional
gauze and hypoallergenic micropore dressing.340 No sig-
niÞcant difference in CVC-related infection (12% in
vention, 9% control;P= 0.69) was found.340

Both patient and environmental factors should
considered when selecting dressing type and the frequ
of change (discussed earlier). Dressings should n
Table 11.2. Example of CVC Connect and Disconnect Procedures

Suggested Method to Access CVC

Step 1: Explain the procedure to the patient. Ask him/her to minimize
Step 2: Perform hand hygiene. Remove any gauze or tape securing
Step 3: Ensure that both limbs of the CVC are clamped. Place clean
towel.
Step 4: Perform hand hygiene and prepare supplies, maintaining ste
Step 5: Ensure clamp on CVC is closed. Remove the Luer lock cap a

chlorhexidine not tolerated). Ensure that the disinfected hub doe
caps are used; follow the manufacturer’s recommendations and C

Optional for Step 5:Before removing the Luer lock cap, disinf
antiseptic pad for each hub or catheter limb.

Step 6 a: Attach syringe, unclamp CVC, and aspirate 2 to 5 mL of bloo
attach to dialysis circuit. Repeat with second port.

Optional for Step 6: If no resistance is felt with aspiration of bl
saline and� ush lumen using turbulent� ushing technique.

Step 7 b: Initiate dialysis.
Step 8: Discard the syringe and used materials.

Suggested Method to Disconnect CVC

Step 1: Explain the procedure to the patient, retransfuse patient’s blood a
locking.
Step 2: Close the clamp on the CVC lumens and bloodlines. Disconn
Step 3: Attach a 5- to 10-mL syringe with 0.9% normal saline to CVC
Step 4: Remove normal saline syringe from lumen, attach syringe with

CVC care protocols.d

Step 5: Close clamp on lumen, remove syringe, clean the hub, and a
Step 6: Repeat steps with second lumen.
Step 7: Discard used supplies.

Abbreviation: ANTT, aseptic no touch technique; CVC, central venous c
aIf limbs do not aspirate or� ush freely, ensure clamps are open and rule
problems persist, the CVC may indicate� brin or thrombus formation or CV
(irrigate) may promote CVC patency. After irrigation,� ush lumen (eg, with 10
is cleared from the CVC lumen (optimize line patency). Observe for blee
bIf line reversal is necessary to initiate dialysis treatment, follow unit pro
cFollow “scrub-the-hub” protocol.297

dLocking solutions may include anticoagulants, antiseptic/antibiotic, or th
the catheter is accessed and de-accessed. If closed-system, high-� ow
recommendations.
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submerged in water and should be changed when
become damp, loose, soiled, nonocclusive, or n
adherent, and only trained dialysis care provi
(including patients) should change CVC dressings. Re
retraining is highly desirable to maintain competency
reduce the risk of infection.

Tables of studies, evidence quality, and risks of bia
provided inSupplement 3, Tables S98-S109.

Assessment of CVC Patency
Routine ßushing with 0.9% normal saline is used
maintain CVC patency and has become a standa
practice when accessing and de-accessing
Flushing of CVC lumens is intended to prevent
mixing of incompatible medications or solutio
within the CVC lumen and assists in clearing the
of blood) or Þbrin buildup.341 Typically, a 5- to 10-
mL syringe is used; given the lack of evidence
syringe size, the CVC manufacturerÕs instruction
be used as a guide. However, the clinician is expecte
to use his/her best clinicaljudgment and follow loca
CVC care protocols.
talking and turn the head the opposite direction of the CVC.
the CVC or covering CVC limbs.
or sterile pad/towel under the CVC so that the limbs are on top of the pad/

rility. Put on gloves.
nd clean the hub (“scrub the hub”)297 with chlorhexidine (or povidone if
s not touch nonsterile surfaces. If closed system, high-� ow, needleless-style
VC care for cleaning and changing of caps. Repeat with the second port.
ect the caps and part of the hub with an antiseptic pad, using a separate

d and CVC locking solution from lumen. Reclamp CVC. Detach syringe and

ood and CVC locking solution, attach a 5- to 10-mL syringe of 0.9% normal

s per unit protocol, perform hand hygiene, and prepare supplies for CVC

ect 1 bloodline from 1 CVC lumen and clean the CVC hub.c

lumen, unclamp CVC, and� ush lumen.
CVC locking solution to lumen, and instill locking solution volume as per unit

pply sterile Luer lock cap.

atheter.
out external causes of resistance (kink in CVC limb or patient position).342 If
C tip malposition (Guidelines 22and 24). A gentle back-and-forth motion
mL of normal saline) using turbulent� ushing technique to ensure that blood
ding if anticoagulant (locking) solution cannot be removed (aspirated).
tocols and practices for next steps. If patency is established, initiate dialysis.

rombolytic locks and their combinations. Caps must be replaced every time
needleless caps are used, follow unit protocols and manufacturer’s
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Guideline 12. AV Access Cannulation Complications
It is recommended that the aseptic no-touch techn
(seehttp://antt.org/ANTT_Site/home.html) be practiced
when accessing and de-accessing the CVC and that 1
be accessed at a time to reduce the time blood rema
the lumen (Table 11.2).

Care of Hemodialysis Central Venous Catheters
and Patient Education
To facilitate CVC care, the following actions should
strongly considered4:

1) Educate patients (see following), health care perso
and relevant administrators regarding the accep
appropriate indications for CVC use (Guideline
Statements 1and2.2) and proper procedures for sa
and optimal CVC care and use, including prophyl
measures for CVC-related infections.

2) Periodically assess knowledge of and adheren
guidelines for all individuals (including patients a
relevant family/patient supporters) involved in C
access, use, and maintenance.

3) Designate only trained individuals who demonst
competence for the access, use, and maintenan
CVC.Patient teaching and instructions should inc
but are not limited to, the importance of the followin
� Initial CVC care, including when sutures should

removed
� Frequent hand washing
� Avoid pulling, tugging, or using sharp objects (

scissors) around the catheter
� What to do if the dressing becomes soiled or w
� What to do if bleeding occurs
� What to do if the CVC falls out
� What to do if a limb clamp breaks and falls off
� What to do in the case of pain, fever or chills,

redness or discharge seen at the CVC exit s
tunnel

� Whom to call with questions or concerns, with t
correct contact details

Patients should be provided written instructions on
care and up-to-date contact information for reporting
vascular access concerns such as bleeding or si
infection (fever, chills, and/or purulent discharge).
sis
/or
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e
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Implementation Considerations

� The concern of the often rapid turnover of dialy
technicians, leading to inadequate training and
competency to care of all types of vascular access

� The use of any intraluminal or extraluminal clean
solutions, antiseptics, antibiotics, medicines, or an
agulants should be compatible with the CVC mate

� Provision of training, auditing, and feedback
frontline staff with respect to CVC care, connection,
disconnection procedures
S78
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Monitoring and Evaluation

� Monitor for CVC exit site healing
� The Centers for Disease Control and Prevention (

Audit and Checklist343 may also be helpful
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Future Research

� Study whether sterile gloves are required if strict
touch technique is used for CVC manipulation and

� Study whether masks are required for each CVC dre
change and manipulation, if the patient has head tu
away and both patient and provider do not ta
Exception is if patient or provider has respiratory sig
symptoms.

� Determine if there is beneÞt of topical barriers after
site and tunnel are fully endothelialized and healed

� Validate tests to determine exit site healing
� Determine if a patient can safely shower when the

site and tunnel are fully healed
� Determine if a patient can safely eliminate the us

dressings altogether when the exit site and tunne
fully healed, if the patient properly cleanses
be
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Guideline 12. AV Access Cannulation
Complications
Please refer toBox 1to understand the evidence basis
the Guideline Statements.

Note: When a statement indicates that ÒThere is i
for KDOQI to make a recommendation,Ó the Work G
any recommendation, suggestion, or other evidence
either direction) based on the very low, low, or inad
evidence amassed by the ERT.

Statements: AV Access Cannulation Complications

12.1 KDOQI considers the following therapeutic in-
terventions for cannulation injury reasonable to
follow:

� Any size inÞltration: apply ice for a minimum

of 10 minutes and refrain from maximizing
the blood pump speed.(Expert Opinion)

� If the inÞltration is moderate, the needle
should be withdrawn and manual pressur
held over the inÞltration site.(Expert Opinion

� If the inÞltration is signiÞcantly large, in
addition to the above, a decision on the ne
cessity for dialysis that day is required—if
dialysis is required, a site proximal to the
inÞltration injury should be cannulated; if
this is not possible, reattempt at the area o
injury should not proceed until manual
pressure and ice is applied for 30 minutes
(Expert Opinion)
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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Guideline 12. AV Access Cannulation Complications

AJKD
� If a hematoma develops, close assessmen
the site, the AV access, and the adjacent
tremity should be made, including measure
ment of swelling, assessment of the presence
ßow in the AV access both proximal and dista
to the hematoma, and circulation to the asso
ciated extremity.(Expert Opinion)
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12.2 KDOQI considers it reasonable to use ultrasoun
to help determine direction of ßow and proper
needle placement in the AV access of sel
patients as needed and performed by traine
operators, to prevent cannulation complications
(Expert Opinion)
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Rationale/Background
Despite cannulation being an integral component of
HD procedure, there is very limited evidence to sup
practice. Knowledge, skill, and ability among cannula
nurses/dialysis personnel varies signiÞcantly across
dictions, with little to no minimum standards or sta
dardization. Basic knowledge of vascular anatomy, pa
centered care, and the importance of provider-pa
therapeutic relationships should be components o
cannulation training programs to reduce the frequenc
complications. The complications that occur as a res
cannulation not only cause signiÞcant discomfort
distress to patients but, in some cases, may nega
affect their ability to have a functioning dialysis acce
the future. For example, a single inÞltration injury t
occurs before successful 2-needle cannulation is asso
with 56% lower odds of overall AVF maturation.158

InÞltration injury is associated with frequent imagi
interventions, and prolonged need for a CVC.3 Indeed,
unsuccessful cannulation attempts are associated
poorer AVF maturation success and outcome158

Currently, complications related to cannulation are
consistently or well documented as part of the dia
treatment.

Cannulation site bleeding can usually be correcte
direct pressure but occasionally requires the placemen
skin suture. Pressure should be applied directly to
bleeding site, and care should be exercised not to oc
the AV access outßow distal to the bleeding site beca
the potential to increase the intraluminal AV access
sure to arterial levels. A Òbad stickÓ that results in
niÞcant hematoma often requires placement of a CVC
deferral of further AV access cannulations until the
matoma is resolved, a period that may last up t
months.3 Bleeding from a vascular access needle sit
needs a skin suture or results in a very large hemato
very suggestive of a venous outßow stenosis and requ
referral for a diagnostic angiogram.
Vol 75 | Iss 4 | Suppl 2 | April 2020
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Detailed Justi � cation

Complications and Management

� InÞltration of the vein can occur when a needle
inserted and the tip is inadvertently advanced be
the vein, perforating the side or back wall and resu
in some degree of swelling, bruising, and/or pain.

� Hematomas can develop as a result of an inÞltrati
the vein or due to leaking of blood around the punct
site during cannulation, during a dialysis treatment
after removal of a needle at the end of a dialysis t
ment. The size of hematomas can vary signiÞca
from a small diffuse area to a large, Þrm mass tha
potentially compress the vessel, resulting in thromb
of the AV access. The development of signiÞcan
matomas can also result in the development of ste
at the site of hematoma. Every effort should be ma
avoid these.

� Pain of various degrees is common and can occ
various sites, at various times, and with various
tensity. Pain can develop at the time of cannula
during the dialysis treatment at the site of or s
rounding a site of cannulation, or along the arm
hand and continue after dialysis as a result of a
matoma, inÞltration of the vein, or irritation of a
adjacent nerve.

� Management of cannulation complications such
inÞltration and resulting hematoma is dependent
the extent of swelling, pain and patient anxiety.
sharing of knowledge and providing support to
patient and family cannot be minimized. Provid
comfort measures and/or analgesic administra
must be assessed on an individual basis.
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Prevention of Cannulation Complications

� AV access check or assessment before cannula
required. Ensuring that ßow is present in the AV ac
and determining the direction of ßow to ensu
optimal dialysis is required before needle placem
Observation of the full AV access and adjacent limb
auscultation and palpation along the AV access
detect many defects and aid in appropriate selection o
sites for cannulation. The use of bedside ultrasoun
a trained operator to aid in cannulation has b
associated with an increase in nurse conÞdence
patient comfort and can help determine direction
ßow within the AV access, but there is limited evide
at this point to recommend use in all patients. Pl
see Special Discussions underGuideline 11 for
discussions about the use of ultrasound to
cannulation.

� Appropriate selection of cannulation sites based
assessment and input from patients can help a
associated complications.
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Guideline 13. AV Access Flow Dysfunction—Monitoring/Surveillance
� Use of experienced cannulators to cannulate AV ac
at risk of complications should be attempted when
possible. Cannulators should determine at the tim
assessment if they anticipate any challenges with
nulation and seek expert advice and guidance.
cannulator is unsuccessful cannulating an AV acc
maximum of 2 attempts is recommended bef
seeking expert advice.

� The use of smaller-gauge and Teßon needles sho
considered when cannulating smaller and more fra
vessels. Although these needles may limit blood
consideration of longer, more frequent, or individu
ized prescription based on the patientÕs dialysis
and goals may enable noncomplicated use of th
access and avoid insertion of a CVC.

� When appropriate and possible, self-cannulation
well-trained patients may be beneÞcial.

� Documentation of complications of cannulation sho
be reviewed as part of each cannulatorÕs trainin
evaluation.
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Special Discussions

� Centers with limited opportunities for staff to cannu
dialysis accesses face particular challenges. Ac
online resources and expertise should be consider
ensure the provision of adequate care to patients.

� The Work Group acknowledged that there is lim
evidence to support the recommendations relate
cannulation and management of cannulation-rel
complications, limiting them to Expert Opinion on
Even when reviewing the literature in areas suc
peripheral venipuncture and arterial cannulation,
evidence is opinion based.

� When appropriate and possible, self-cannulation
well-trained patients may be beneÞcial to improv
patient comfort and reducing anxiety in cannulating
AV access.
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Future Research

� Rigorous studies examining cannulation pract
challenges to achieving complication-free cannula
and strategies to mitigate barriers to successful AV
cannulation is needed

� To study the role of cannulation complication do
mentation and review whether or not it improv
quality of cannulation and AV access outcomes
a
y due to underlying

l-
re
Guideline 13. AV Access Flow
Dysfunction —Monitoring/Surveillance
Note: ÒAV access ßow dysfunctionÓ refers to clinic
normalities in AV access (AVF or AVG) ßow or patenc
S80
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stenosis, thrombosis, or related pathology. This is in distinction to
types of AV access complications.

Please refer toBox 1to understand the evidence ba
for the Guideline Statements.

Note: When a statement indicates that ÒThere is i
for KDOQI to make a recommendation,Ó the Work G
any recommendation, suggestion, or other evidence
either direction) based on the very low, low, or inad
evidence amassed by the ERT.

Statements: Appropriate Use of Monitoring/
Surveillance for AV Access Flow Dysfunction

Physical Examination (Monitoring)

13.1 KDOQI recommends regular physical examina
tion or check of the AVF, by a knowledgeable an
experienced health practitioner, to detect clinica
indicators of ßow dysfunction of the AVF.(Con-
ditional/Strong Recommendation, Moderate Q
Evidence)

SeeTable 13.2for clinical indicators

13.2 KDOQI recommends regular physical examina
tion or check of the AVG, by a knowledgeable an
experienced health practitioner, to detect clinica
indicators of ßow dysfunction of the AVG.(Con-
ditional/Strong Recommendation, Moderate Q
Evidence)

SeeTable 13.2for clinical indicators.

13.3 KDOQI considers it reasonable for nephrolog
trainees and health practitioners involved with
clinical HD patient care to be properly trained in
physical examination of the AV access to monito
for and detect AV access ßow dysfunction.(Expert
Opinion)

Surveillance to Facilitate Patency

13.4 There is inadequate evidence for KDOQI to mak
a recommendation on routine AVF surveillance
by measuring access blood ßow, pressure mon
toring, or imaging for stenosis, that is additional
to routine clinical monitoring, to improve access
patency.

Note: In other words, monitoring of vascular access
surveillance Þndings are supplementary, and ac
based solely on surveillance Þndings.

13.5 KDOQI does not suggest routine AVG survei
lance by measuring access blood ßow, pressu
monitoring, or imaging for stenosis, that is
additional to regular clinical monitoring, to
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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Guideline 13. AV Access Flow Dysfunction—Monitoring/Surveillance
improve AVG patency.(Conditional Recommend
Low Quality of Evidence)

Note: In other words, monitoring of vascular access
surveillance Þndings are supplementary, and ac
based solely on surveillance Þndings.

Investigation of Abnormalities Detected by Clinical
Monitoring
Please refer toGuideline Statements 15.1-15.3.

Statements: Surveillance and Pre-emptive
Intervention for AV Access Stenosis Not Associated
With Clinical Indicators

Endovascular Intervention to Improve Patency

13.6 KDOQI does not recommend pre-emptive an
gioplasty of AVFs with stenosis, not associate
with clinical indicators, to improve access
patency.(Conditional Recommendation, Modera
of Evidence)

13.7 KDOQI does not recommend pre-emptive an
gioplasty of AVGs with stenosis, not associate
with clinical indicators, to improve access
patency.(Conditional Recommendation, Modera
of Evidence)

Surgical Intervention to Improve Patency

13.8 There is inadequate evidence for KDOQI to mak
a recommendation on pre-emptive surgical in-
terventions in AVFs with stenosis, not associate
with clinical indicators, to improve access
patency.

Statement: Pre-emptive Intervention for AV Access
Stenosis Associated With Clinical Indicators

13.9 KDOQI considers it reasonable for patients with
consistently persistent clinical indicators and
underlying AV access stenosis to undergo pr
emptive angioplasty of their AV access to reduc
the risk of thrombosis and AV access loss.(Expert
Opinion)

Rationale/Background
In this Guideline,AV access ßow dysfunctionrefers to clinically
signiÞcant abnormalitiesin AV access (AVF or AVG) ßow
patency due to underlying stenosis, thrombosis, or re
pathology. This was previously referred to asAV acce
dysfunction, which encompassed many forms of dysfunc
(or abnormalities of AV access); however, the Work G
wanted to distinguish AV access dysfunction du
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
tion,

is primary, while
ion should not be
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stenosis or thrombosis from other causes of dysfunc
such as aneurysms. Thus, the terminologyAV access
dysfunctionis used in distinction to other types of AV acc
complications.

AV access ßow dysfunction is a common prob
typically associated with underlying stenosis an
thrombosis. The development of progressive vascula
cess stenosis with subsequent failure of the vascular
contributes signiÞcant morbidity to patients and cos
the health care system.344 The fundamental principle fo
performing routine vascular access monitoring and
veillance is to detect and correct the stenosis to mini
or avoid reduced dialysis clearance (dialysis dose p
tion), reduce the rate of thrombosis, and improve
access function. Indeed, vascular access function
globally ranked as a top priority for patients and he
care providers clinically and as a research target, so
so that it has become the core outcome measur
vascular access clinical trials.345

Rationale for Physical Examination/Monitoring
A variety of methods have been proposed for screenin
AV access for early detection of stenosis before th
access becomes dysfunctional.346-351 Clinical monitoring
strategies include physical examination (inspec
palpation, and auscultation) of the vascular access to
signs that suggest the presence of pathology. This m
toring is ideally conducted when the patient is not
dialysis. Abbreviated forms, such as the ÒOne-Minut
cess CheckÓ (esrdncc.org/en/resources/lifeline-for-a
time/step-eight-the-one-minute-access-check/), are ra
and effective and can be conducted by patients and
viders before dialysis.352 Such monitoring can be suppl
mented by review of routine laboratory studies regul
obtained in the dialysis unit, dialysis adequacy (
reduction ratio or Kt/V, documented recirculation), d
Þculties in cannulation or achieving hemostasis after
dle withdrawal, and other clinical signs. Although th
different techniques and methods are available for id
fying vascular access ßow dysfunction, the scientiÞc
dence for the optimal methodology is lacking. A sm
number of RCTs have been performed evaluating diff
monitoring techniques. Dynamic venous pressure (D
can be measured on most dialysis machines; howeve
utility of DVP at blood ßows (Qb) of 150 to 200 mL/m
in detecting stenosis or predicting AV access thrombo
very limited, because DVP is dependent on a varie
factors, such as the needle gauge and the length o
dialysis needle.353 AV access recirculation and decline
URR or Kt/V may help indicate AV access stenosis, b
themselves cannot be sole indicators, because man
ables affect their measurements, and they have not
rigorously studied. Following the trend of these mo
toring measures (URR, Kt/V, recirculation, etc) may b
helpful accompaniment to physical examination
should be properly studied. Physical examination o
S81
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Guideline 13. AV Access Flow Dysfunction—Monitoring/Surveillance
AV access by an experienced individual has high sens
and speciÞcity.267,354,355 The physical examination
easily available, requires minimal training, is cost efÞc
and takes minimal equipment and time. Several st
have examined the use of the physical examinatio
detect AV access ßow dysfunction (ie, stenosis withi
AVF267,355 and AVG351,356). The value of physical exam
ination (monitoring) is that if AV access ßow dysfunct
is suspected with appropriate matching clinical indica
further investigation and preventive intervention, suc
with angioplasty, could be performed to improve o
comes (eg, preventing thrombosis).

Rationale for Surveillance
The rationale underlying AV access surveillance is to
and correct stenosis within the AV access before
development of thrombosis, to improve the patency of
AV access by reducing the risk of thrombosis. Cli
indicators associated with AV access stenosis (Table 13.2)
include reduced dialysis clearance without other kn
cause, excessive bleeding after needle withdrawal,
venous and arterial pressures at the prescribed
Table 13.1. Routine AV Access Monitoring by Physical Examination

Exam Steps Fistula (Normal) Graft (Normal)

Look Well-developed main venous
out� ow, no irregular/dilated areas
or aneurysm formations, adequate
areas of straight vein that can be
used for 2-needle, rope-ladder
cannulation
Vessel collapses when arm is
elevated above head

Uniform-sized graft in
loop or straight
con� guration
No irregular areas or
aneurysm or seroma
formations with organ
site rotation used for
cannulation

Listen with a
stethoscope

Low-pitch continuous diastolic
and systolic

Low-pitch continuous
diastolic and systolic

Feel with
your � ngers

Thrill at the arterial anastomosis
and throughout the entire out� ow
vein that is easy to compress

Thrill strongest at the
arterial anastomosis b
should be felt over en
graft and be easy to
compress

Abbreviations: AVF, arteriovenous� stula; AVG, arteriovenous graft.
aAlso see Guidelines 16 through 19 for speci� c complications.
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ßow,357 and indicators on physical examination (
earlier discussion on AV access monitoring). Surveil
procedures, requiring specialized equipment and ope
skills, have been studied to detect stenosis befor
development of a clinical indicator. These include AV
cess ßow (Qa) measurement348,358,359 by a variety of
methods, including ultrasound dilution method (UDM
and duplex ultrasound to measure Qa and visu
anatomic abnormalities.360,361 The use of dynamic an
static venous pressure has also been used as a surv
tool362; dynamic venous pressure measures are
considered as supplementary to clinical monitoring.

Several important questions arise when considerin
access surveillance to reduce thrombosis and improv
access patency: (1) What is the diagnostic value of
veillance for detection of stenosis? (2) What are the
dated diagnostic thresholds by surveillance indicators
Qa, change in Qa/time) that accurately diagnose ste
that will lead to future thrombosis? (3) What factors, ot
than stenosis, contribute to abnormal surveillance
dicators? (4) What is the appropriate intervention w
stenosis is detected by surveillance in the absen
Flow-related Dysfunction or
Poor Maturation (Abnormal)

Infection, Steal Syndrome, or
Aneurysm/Pseudoaneurysm a

(Abnormal)

a

ized

AVF with poor
maturation—multiple venous
out� ow veins (accessory veins),
poorly de� ned cannulation
areas
AVF:
Stenosis can occur in artery or
any venous out� ow vein
Look for a narrowing of the
out� ow vein, abnormal
pulsations, or aneurysm
formations
AVF or AVG:
Dilated neck veins or surface
collateral veins in the arm or
neck above the vascular access

Infection:
Redness, swelling, induration,
drainage, or pus
Steal syndrome:
Extremity/hand discoloration, skin
ulceration due to poor arterial
blood � ow to the hand
Check nail beds,� ngers and hand
for unusual skin changes
Aneurysm
Abnormal areas of dilatation with
overlying skin thinning

High-pitch discontinuous
systolic only

Steal syndrome
AVF may have a very strong bruit

ut
tire

AVF:
Pulse at the site of a stenotic
lesion—may be water-hammer
in quality and feel
AVG:
Thrill and/or pulse strong at the
site of stenotic lesion pulse has
a water-hammer feel
An AVG with a low intra-access
blood � ow feels mushy
Local area of the graft that feels
mushy or irregular in shape can
be a site of aneurysm formation

Infection
Warm or painful to touch, swelling
Steal syndrome
Feel bilateral limbs (hands and
� ngers) and compare for the
access limb to be the same as the
nonaccess limb
Compare temperature, grip
strength, and range of motion and
any complaints of changes in
sensation or pain
If the access limb has any major
differences than the nonaccess
limb, consider steal syndrome

AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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Table 13.2. Clinical Indicators (Signs and Symptoms) Suggesting Underlying Clinically Signi� cant Lesions During Access Monitoring

Procedure Clinical Indicators

Physical examination or
check

� Ipsilateral extremity edema
� Alterations in the pulse, with a weak or resistant pulse, dif� cult to compress, in the area of stenosis
� Abnormal thrill (weak and/or discontinuous) with only a systolic component in the region of stenosis
� Abnormal bruit (high pitched with a systolic component in the area of stenosis)
� Failure of the� stula to collapse when the arm is elevated (out� ow stenosis) and lack of pulse augmentation

(in� ow stenosis)
� Excessive collapse of the venous segment upon arm elevation

354,365

378

239

360

267

Dialysis � New dif� culty with cannulation when previously not a problem
� Aspiration of clots
� Inability to achieve the target dialysis blood� ow
� Prolonged bleeding beyond usual for that patient from the needle puncture sites for 3 consecutive dialysis

sessions
� Unexplained (>0.2 units) decrease in the delivered dialysis dose (Kt/V) on a constant dialysis prescription without

prolongation of dialysis duration

379

239

360

Guideline 13. AV Access Flow Dysfunction—Monitoring/Surveillance
clinical indicators? and (5) What is the AV access pa
outcome after intervention ofstenosis not associatedwith a
clinical indicator,and does this differ from intervention
stenosis detected by clinical examination?

What Is the Diagnostic Value of Surveillance for
Detection of Stenosis?
Surveillance methods can detect stenosis; however,
are valid issues regarding the accuracy and repr
ibility of this detection, which may vary based on
method of surveillance and the indicator used. Ste
within the AV access is thought to be reßected by
ductions in AV access ßow and alterations in AV a
circuit pressures. However, ßows and pressures
inßuenced by factors other than the presence of s
sis, including the location and degree of the sten
variations in the hemodynamics over the course
dialysis (eg, timing, blood pressure), and cannula
technique and AV access characteristics.362-364 Thus,
repeat measurements and trending of surveillance r
are important to conÞrm abnormal surveillance res
if surveillance is done. The location of the stenosis
inßuence the diagnostic characteristics of the su
lance tool, and an AV access can have multiple ste
not reliably detected with a single surveillance t
especially if measured in isolation.365 Additionally, the
AVG and the AVF have different pathophysiology
development of stenosis, occurring at different rate
different locations, and with different hemodynami
consequences based on their conÞgurations.366

What Are the Validated Diagnostic Thresholds by
Surveillance Indicators (eg, Access Flow Rate,
Change in Access Flow Rate) That Accurately
Diagnose Stenosis That Will Lead to Future
Thrombosis?
The various surveillance techniques available to dete
access stenosis differ in their ability to accurately
reliably detect AV access ßow dysfunction beyond cl
examination.13,367 In addition, when using a given su
veillance method to detect signiÞcant stenosis that w
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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prompt intervention, there is still a need for standard
diagnostic thresholds with sufÞcient sensitivity to de
clinically signiÞcant stenosis but with good speciÞci
avoid unnecessary interventional procedures. I
regarding surveillance reliability and reproducibility (
above) add to the challenge of deÞning and valida
diagnostic thresholds. As such, the required valid
thresholds for intervention have not been establishe
all methods of AV access surveillance.

What Factors, Other Than Stenosis, Contribute to
Abnormal Surveillance Indicators?
Variables to consider (discussed above) include fa
related to the hemodialysis procedure, patientsÕ res
to it (eg, hypotension), the AV access, and AV acces
cuit anatomy and physiology.362,363 In addition, the
expertise and reliability of the operator obtaining
measurement may contribute to abnormal surveill
indicators.

This Guideline focuses on the evidence available, o
lack thereof, for answering the remaining patie
important and clinically relevant questions (4) and (
What is the appropriate intervention when stenosi
detected by surveillance in the absence of clinica
dicators? and What is the AV access patency outcom
intervention of stenosisnot associated with a clinical,
and does this differ from intervention of stenosis dete
by clinical examination?

The brief answers are as follows:
What is the appropriate intervention when stenosi

is detected by surveillance in the absence of clinic
indicators?Do nothing—do not intervene in the absen
of clinical indicators.

What is the AV access patency outcome after inte
vention of stenosis not associated with a clinical indicato
and does this differ from intervention of stenosis detecte
by clinical examination?(1) For AVF, the data are uncle
and more study is required; (2) for AVG, the data do
demonstrate improved patency with surveillance and s
quent pre-emptive intervention on AVG with no clinical
dicators, compared with routine clinical examination.
S83
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Guideline 13. AV Access Flow Dysfunction—Monitoring/Surveillance
Detailed Justi � cation
The 2006 KDOQI Vascular Access Work Group p
ously recommended AV access surveillance with
emptive angioplasty of stenosis to improve AV ac
outcomes.13 This was based on the best available
dence at that time that supported the premise that u
surveillance for the early detection of AV access ste
and its preemptive correction compared with defe
correction would improve AV access outcomes. T
has been controversy over the interpretation of
recommendation based on previous and more cu
evidence. Over time, the nephrology community
recognized thatsurveillance for stenosis in isolation
cally meaningfully without also examining the effect
intervention on clinically important outcomes, which, in this
case, would include AV access thrombosis, patency
intervention rates. Many studies have been under
ered to show either beneÞt or harm from surveilla
strategies. Multiple factors discussed earlier contribu
the heterogeneity of the results and interpretation
the studies in this area and have contributed to
change in the recommendations for AV ac
surveillance.

Physical Examination
The physical examination is easily available, req
minimal training, is cost efÞcient, and takes mini
equipment and time. Several studies have examined t
of the physical examination to detect AV access
dysfunction (eg, stenosis within the AVF13,364,365 and
AVG361,362).

Diagnostic Accuracy of the Physical Examination to
Detect Stenosis in the AVF. Two observational studie
compared physical examination with angiography
monitoring and diagnosing dysfunction with AVF.267,354

Coentrao et al354 analyzed data resulting from physical
aminations by 11 general nephrologists and 1 nephro
resident who received 6 months of training on conduc
physical examinations to identify AV access ßow dys
tion. Diagnostic physical examination results w
compared with those of angiography for detecting AV
cess stenosis. Clinical criteria for AV access ßow dysfu
prompting angiography were applied according to the p
2006 KDOQI guideline.13 Physical examination includ
inspection of the arm, chest, neck, and face; palpation o
entire AVF tract; arm elevation; pulse and thrill abnor
ities; and pulse augmentation tests. AVF dysfunction
classiÞed into 4 major disorders: inßow stenosis, ou
stenosis, coexisting inßow/outßow stenosis and
thrombosis. Stenosis by angiography was deÞned a
luminal narrowing compared with the normal vascu
segment located adjacent to the stenosis according to
KDOQI guideline.13 Thrombosis of the AVF was ascerta
by the presence of clots in the arterial and/or venous
of the AVF. The agreement beyond chance betwee
nephrologistsÕ physical examination and angiograph
the assessment of AVF dysfunction was moderate (ka=
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0.49; 95% CI, 0.40-0.57). and near-perfect when
physical examination was done by the trained nephro
resident (kappa= 0.86; 95% CI, 0.77-0.95). The agreeme
was similar for both forearm and upper arm AVFs.

Asif et al267 (n = 147) compared results of a comple
physical examination of the AV access conducted b
interventional nephrologist to angiography. Similar crit
for AV access ßow dysfunction were used as in
Coentrao et al study.354 The diagnostic accuracy of phys
examination was poor for central vein and AVF body
nosis, moderate for inßow and coexisting inßow
outßow stenosis, and good for outßow stenosis.

Diagnostic Accuracy of the Physical Examination to
Detect Stenosis in the AVG. Leon et al356 conducted pre
procedure physical examinations on 43 consecutive
tients referred for angiography to manage AVG dys
tion. Physical examination Þndings and diagnosis
each recorded and secured in a sealed envelope. A
raphy from the feeding artery to the right atrium w
performed. The angiographic images were reviewed b
independent interventionalist with expertise in AV ac
procedures who was blinded to the physical examina
results. The agreement beyond chance between ph
examination and angiographic Þndings was strong fo
diagnosis of vein-graft anastomotic stenosis (kapp=
0.52) and moderate for intragraft stenosis (kappa= 0.43)
and inßow stenosis (kappa= 0.40). The Þndings of thi
study demonstrate that physical examination can as
the detection and localization of stenoses in AVGs.

Surveillance

Surveillance of the AVF. The use of physical examin
tion is an accepted, standard, evidence-based practice
assessment and monitoring of the AV access for acce
dysfunction, infection, and vascular integrity. Only 1 st
compared the addition of surveillance methods to rou
clinical examination for detecting stenosis and reported
outcomes, with variable results, depending on the typ
surveillance and outcome examined.368

The need to address whether or not surveilla
methods can detect AVF dysfunction and stenosis a
incremental beneÞt beyond clinical examination (m
toring) is important to focus efforts for educatio
training, and the attainment of expertise in the rele
method for detecting AVF ßow dysfunction.

Clinical Monitoring Plus Blood Flow (Qa) Surveil-
lance Versus Clinical Monitoring Alone. A single-cente
RCT (n = 137) of AVF surveillance compared clin
monitoring plus intra-access blood ßow (Qa) surveilla
using UDM versus clinical monitoring alone.347 The clin-
ical monitoring group was referred to angiography if
nosis was clinically suspected. Participants in the UD
surveillance group were referred to angiography if ste
was clinically suspected or Qa was<500 mL/min at base
line or if Qa fell by>20% once Qa was<1,000 mL/min.
Patients in the UDM Qa surveillance group were twic
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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Guideline 13. AV Access Flow Dysfunction—Monitoring/Surveillance
likely to have stenosis detected compared with those
clinical monitoring alone group (HR, 2.27; 95% CI, 0.8
5.98; P= 0.09 [NS]), with a trend for the stenosis to
detected earlier in the UDM Qa surveillance group. The
under the curve demonstrated moderate predictio
>50% stenosis (0.78; 95% CI, 0.63-0.94;P= 0.006) in the
UDM surveillance group. The study primary outcome
the time to detection of an angiographically signiÞcant
stenosis (deÞned as a� 0% reduction of the normal vess
luminal diameter on angiography accompanied by a
modynamic [in the case of the Qa surveillance gro
functional, or clinical abnormality [in the case of the c
trol group]) was not signiÞcantly different with clinic
monitoring plus UDM Qa surveillance versus clin
monitoring alone (P= 0.20).

In summary, the use of surveillance methods in a
tion to clinical monitoring in AVF appears to increase
rate of detection of AVF stenosis and the rate of
intervention.

Surveillance of the AVG. Several previous studies h
examined the effect of surveillance in addition to clin
monitoring in AVG.351,360,364,369 Most of the studies did no
speciÞcally examine the rate of detection of stenosis
rather, a clinical outcome of thrombosis or patency. The
did not include these studies because their publication
were outside the prespeciÞed window of dates for
extraction. However, the Work Group believed it w
important to discuss previous studies that examined cl
monitoring alone and clinical monitoring plus surveillanc
AVGs.

One blinded RCT (N= 112) compared clinical moni
toring (DVP and physical examination) plus monthly
measurement by UDM versus clinical monitoring alon351

The Qa surveillance group was referred for angiogram
was<650 mL/min or there was a 20% decrease in Qa f
baseline, whereas the clinical monitoring alone group w
referred for signiÞcant changes in dialysis adequa
physical examination or for high DVP. Percutaneous
gioplasty was performed for stenosis� 50% compared with
the adjacent vessel. The rates of AVG thrombosi
patient-year at risk were 0.51 and 0.41 in the surveilla
and clinical monitoring groups, respectively (P = 0.57).
Stenosis was detected more frequently in the survei
group because of the increased use of angiograms an
accompanied by an increase in interventions: 51
terventions (0.93/patient-years at risk) in the Qa surv
lance group versus 31 interventions (0.61/patient-yea
risk) in the clinical monitoring alone group.

In summary, the use of surveillance methods in a
tion to clinical monitoring in AVG appears to increase
rate of detection of AVG stenosis and the rate of
intervention.

Surveillance and Preemptive Repair
The aim of interventions to prevent AV access
dysfunction (ie, to improve patency or access functio
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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to improve patient and vascular access outcomes,
greater net beneÞt than harm, compared with no
terventions (see the Background/Rationale for this
tion). There is limited evidence to provide guidance on
role of appropriate methods to prevent clinically insig
icant stenosis (ie, stenosis that may be associated
abnormal Þndings on surveillance but without accom
nying clinical indicators) in AVFs and AVGs. The ava
literature for AVF and AVG is provided in subseq
sections.

Surveillance and Preemptive Repair in Asymptomatic
AVFs. One observational study using data from the Fr
nius Medical Care North America centers (N= 35,716)
compared elective percutaneous angioplasty (PTA) w
treatment for the prevention of AVF and AVG (AV ac
dysfunction. Patients were referred for PTA based o
of <400 mL/min or change>30% for AVF and<600 mL/
min for AVG. In the AVF subgroup, patients who rece
angiography and PTA were matched to control individ
not receiving an intervention (matched on vascular a
type, access age, intra-access blood ßow rate usin
method of ionic online clearance, and single-pool Kt/
Follow-up was for 1 year after intervention with angio
raphy and PTA. The key Þndings are370 (1) secondary
patency was not signiÞcantly different with elective a
ography and PTA versus no treatment and (2) thromb
was not signiÞcantly different with elective PTA versu
treatment. The primary outcome was 1-year AV a
survival (cumulative patency) from the date of Þrst in
vention, and it was not signiÞcantly different with elec
PTA versus no treatment (54.8 vs 47.8 per 100 access
HR, 1.06; 95% CI, 0.98-1.15). Several secondary outc
were evaluated. Embolism with upper-arm thrombosis
not signiÞcantly different with elective PTA versus
treatment for AVF and AVG combined (0.86% vs 0.
events per procedure; attributable risk increase, 0.
95% CI, 0.56-1.12). This outcome was not repor
separately by AV access type. Other harms were n
ported for this comparison.

In contrast, a prospective study was conducted in
tients who did not meet prior KDOQI Qa criteria
intervention buthad abnormal clinical monitoringÞndings, for
example, on physical examination. A single open RC
AVFs (n= 58) assessed AVF with subclinical stenosis
Qa >500 mL/min (but abnormal physical examinati
result, Qa of<900 mL/min and elevated static veno
pressure) who had prophylactic repair (pre-emp
intervention group) versus observation (repair at the tim
AVF thrombosis).349 Subclinical stenosis was angiogra
ically deÞned as>50% reduction in vessel diame
compared with the adjacent segment. Prophylactic rep
the pre-emptive intervention group was by either PTA
surgery, whereas the observation arm underwent ste
repair only after the onset of AVF dysfunction (deÞne
clinical abnormality) or a Qa of<400 mL/min (n = 3). AVF
loss was lower in the pre-emptive PTA group than
S85
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Guideline 13. AV Access Flow Dysfunction—Monitoring/Surveillance
observation alone group: 5 (18%) versus 13 (43
respectively (corresponding AVF loss rates [event/AVF
were 0.066 and 0.186;P= 0.041). Thrombosis rates we
signiÞcantly lower in the pre-emptive PTA group t
observation alone group: 21% versus 50%, respectivel
use of temporary CVC and associated CVC infection
were not signiÞcantly different between groups.349

In addition to the described studies extracted by
ERT, when Þnalizing the KDOQI guideline statement
Work Group considered other RCTs347,348,371,372 in this
area outside the prespeciÞed window of data extrac
The Work Group believed that these previous RCTs
place the reported data in the appropriate context. Th
further discussion about these speciÞc studies in
ÒSpecial DiscussionsÓ section that follows.

Tables of studies, evidence quality, and risks of bia
provided inSupplement 3, Tables S132, S134-S138, S145,
andS147-S151.

Surveillance and Preemptive Repair in Asymptomatic
AVGs. There was 1 RCT (N= 64) in AVG comparing pre
emptive intervention of asymptomatic stenosis versus o
vation (repair at the time of thrombosis).373 AVGs with
elevated static venous pressurevalues underwent diagnos
angiography. If there was a stenosis producing at least
reduction in lumen diameter and the static venous pre
ratio was� 0.4, patients were then randomized to the p
emptive intervention arm (prophylactic repair by PTA)
surgery (if PTA was unable to be performed or was un
cessful). The observation arm had intervention only aft
AVG thrombosis event or if there was clinical evidence of
dysfunction. Participants were followed for 3.5 years. M
tality (19% in the pre-emptive intervention arm and 13%
observation arm), AVG loss (14 patients [44%] in each a
and time to AVG abandonment did not differ between gro
The rates of thrombosis were signiÞcantly lower with
emptive intervention than with observation (44% vs 72
Dember et al373 reported no other differences betwe
groups.

In AVGs, 1 observational study by Chan et al370 (N =
35,716), used data from the Fresenius Medical Care N
America centers to compare elective angioplasty vers
treatment for prevention of AVF dysfunction (descri
earlier) but also included a subset of patients with AVG
had elective angioplasty versus no treatment. Similar
AVF cohort, in AVGs, follow-up was for 1 year after in
vention with angiography and PTA. This study had t
main Þndings: (1) secondary AVG patency was not si
cantly different with elective angiography and PTA vers
treatment and (2) thrombosis was not signiÞcantly diffe
with elective angioplasty versus no treatment. The pri
outcome was 1-year access survival (cumulative pat
from date of Þrst intervention and was not signiÞca
different with elective PTA versus no treatment (51.7 vs
per 100 access years; HR, 0.95; 95% CI, 0.86-1.05).

Similar to our discussion in the earlier AVF section
addition to the described studies extracted by the
S86
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when Þnalizing the KDOQI guideline statements, the W
Group considered other RCTs351,360,373-376 in this area
outside the prespeciÞed window of data extraction.
Work Group felt that these previous RCTs help plac
above data in the appropriate context. There is fu
discussion about these speciÞc studies in the ÒS
DiscussionsÓ section that follows.

In summary, in clinical practice, many centers use
veillance techniques with the intention to detect e
dysfunction in AVF and AVG with the premise that e
identiÞcation and correction of stenosismay prevent clin
signiÞcant dysfunction, suchasa thromboticevent.How
in clinical practice, it is difÞcult to predict which steno
(anatomic abnormality) will progress into a clinically s
niÞcant functional abnormality, such as an occlusive th
bosis. Intervening on stenoses thatare clinically asympto
may lead to unnecessary interventions, and, subsequ
more interventions to maintain patency—which does not
appear to be improved with pre-emptive intervention373

Thus, given the evidence available from the literature
recommendations are to intervene only on AVFs and
that have clinically relevant dysfunction when detecte
routine clinical monitoring (eg, abnormal physical exa
nation Þndings, low Kt/V without other cause, persiste
inadequate blood ßow rates to provide prescribed dia
without other cause than the AV access, high venous pr
during dialysis, etc) We do not recommend intervention
AVG and AVFs that do not have clinically signiÞ
dysfunction (Supplement 3, Tables S133, S139, S140-S144,
S146, andS152-S156).

Tables of studies, evidence quality, and risks of bia
provided inSupplement 3, Tables S110-S156.

Special Discussions
Overall, there were very few studies that evaluated me
to prevent AVF and AVG dysfunction that were of h
quality evidence, per ERT. The Work Group discu
and considered previous RCTs347,348,351,360,371,373-377 not
included in the data extraction (Table 13.3) in developing
the guidelines and determined that these previous
were important in the overall context of developing
guideline statement. Only 1 previous study demonstr
improved longevity with surveillance in AVGs,376 with
the remaining studies showing no statistical be
compared with clinical monitoring in improvin
thrombosis or cumulative survival. In AVFs, sev
studies showed beneÞt of surveillance techni
compared with clinical monitoring; however, they to
had methodologic concerns (eg, group contaminat
generalizability).

The Work Group recognizes that duplex ultrasoun
valuable and has different characteristics than sp
surveillance techniques for intra-access ßow; howeve
ERT evidence was limited. The Work Group encou
further research in all monitoring and surveillance te
niques and strategies (see Future Research in this se
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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Table 13.3. Additional Randomized Controlled Trials of AVG Surveillance

Reference Surveillance Method

Patients, n PTA/year Thrombosis/year

Primary Outcome ResultCon Sur Con Sur Con Sur

Lumsden et al374 Doppler ultrasound 32 32 0 1.5 0.47 0.51 AVG Survival No difference

Ram et al375 1. Ultrasound dilution (monthly)
2. Duplex ultrasound (quarterly)

34 32
35

0.22 0.34
0.65

0.68 0.91 AVG Survival No difference

Moist et al351 Access � ow 53 59 0.61 0.93 0.41 0.51 1. Time to AVG Thrombosis
2. AVG survival

No difference
No difference

Dember et al373 Static DVP 32 32 0.04 2.1 1.03 0.89 AVG survival No difference

Malik et al376 Ultrasound 92 97 NR NR NR NR AVG survival Bene� t for surveillance

Robbin et al360 Ultrasound 61 65 0.64 1.06 0.78 0.67 AVG survival No difference

Abbreviations: Avg, arteriovenous graft; Con, control; DVP, dynamic venous pressure; NR, not reported; PTA, percutaneous balloon angioplasty; Sur,
surveillance.

Guideline 13. AV Access Flow Dysfunction—Monitoring/Surveillance
There was no evidence-grade literature on evalu
multidisciplinary care in the prevention of AV access
dysfunction (primary and secondary prevention). Ho
ever, given that a multidisciplinary effort is essentia
achieve a successful vascular access, including disc
such as nephrology, surgery, interventionalist, and dia
nursing, a multidisciplinary team is also likely crucia
identifying clinically important AV access ßow dysfu
tion, referring for intervention, and proceeding in a tim
manner, if necessary.

Implementation Considerations
A multidisciplinary program comprising nephrologis
surgeons, interventionalists, vascular access coordin
Table 13.4. Performance and Agreement Beyond Chance Between Ph

Complete PE Edema

True positive, n 47 1

True negative, n 28 42

False positive, n 14 0

False negative, n 10 56

Sensitivity,% (95% CI) 82 (72-93) 2 (0-6)

Speci� city, % (95% CI) 67 (51-82) 100 (99-100)

PPV,% (95% CI) 77 (66-88) 100 (50-100)

NPV,% (95% CI) 74 (58-89) 43 (33-53)

LR+, % (95% CI) 2.47 (1.59-3.86) —

LR-,% (95% CI) 0.26 (0.14-0.48) 0.98 (0.95-1.02)

Overall accuracy,
% (95% CI)

76 (67-85) 43 (33-54)

� (95% CI); P value 0.5 (0.32 to
0.67); <0.001

0.02 (-0.02 to 0.04);
0.388

Note: The physical examination was performed before the HD session
evaluated following the model described by Beathard.380,381 Physical exam
the signs suggestive of stenosis was detected regardless of the step. Ste
in AVF arm. Stenosis prevalence= 58%.
Abbreviations and de� nitions: � , Cohen’s kappa coef� cient (agreement be
negative likelihood ratio; NPV, negative predictive value; PPV, positive
Reproduced from Campos et al378 with permission from John Wiley and
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and dialysis nurses to provide coordinated care is
essential to prevent asymptomatic AV access complic
Development of curriculum is necessary for impleme
tion into training programs for nephrology fellows a
health practitioners evaluating and caring for the AV ac

Monitoring and Evaluation
Important considerations when implementing n
monitoring and surveillance programs include conside
the processes of care and practice patterns at each
vidual dialysis center, because monitoring and surveil
may be different. Thus, changes in implementation
monitoring or surveillance within a dialysis unit may af
usual established protocols.
ysical Examination and Ultrasonography

AVF collapse Thrill Pulsatility

41 19 40

12 30 28

30 12 14

16 38 17

71 (59-84) 33 (20-47) 70 (57-83)

29 (14-43) 71 (57-86) 67 (51-82)

57 (45-69) 61 (43-80) 74 (61-87)

43 (23-63) 44 (32-57) 62 (47-78)

1.00 (0.78-1.29) 1.17 (0.64-2.13) 2.11 (1.33-3.33)

1.00 (0.53-1.88) 0.93 (0.72-1.22) 0.45 (0.28-0.70)

46 (36-57) 51 (40-61) 69 (59-78)

-0.25 (-0.4 to 0.1);
0.956

-0.05 (-0.24 to 0.14);
0.614

0.37 (0.18 to
0.55); <0.001

by a single nephrologist and was divided into 3 steps. Pulse and thrill were
ination was considered positive for the presence of stenosis if at least 1 of
nosis was also identi� ed by the presence of edema and collateral circulation

yond chance); CI, con� dence interval; LR+, positive likelihood ratio; LR-,
predictive value;
Sons.
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Guideline 14. AV Access Flow Dysfunction—Prevention
Future Research
The Work Group proposed the following topics
important areas for further research: (1) RCTs,
adequate methodology and power to delineate the ro
any, of the current and future surveillance and interven
methods, within a strategy to improve AV access pat
(2) speciÞc studies evaluating the impact of pre-em
intervention in patients with clinical indicators; (3) mo
comparative studies of physical examination/clin
monitoring and imaging studies (± surveillance methods
in various clinical scenarios (eg, on/off dialysis) to be
deÞne its sensitivity, speciÞcity, predictive values,
accuracy of detecting clinically signiÞcant lesions
expand on data (example of data inTable 13.4); (4)
validation of the indicators on clinical monitoring
clinically signiÞcant stenosis; (6) consideration and pr
study of the use of new technology or methods, includ
point-of-care ultrasound, to facilitate monitoring or s
veillance of vascular access; (5) identiÞcation of subg
of patients who may beneÞt from earlier angiogra
intervention; (6) indications for endovascular versus
gical intervention; and (7) potential impact of multid
ciplinary care for improved AV access patency.

Tables of studies, evidence quality, and risks of bia
provided inSupplement 3, Tables S110-S156.
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Guideline 14. AV Access Flow
Dysfunction —Prevention
Please refer toBox 1to understand the evidence basis
the Guideline Statements.

Note: When a statement indicates that ÒThere is i
for KDOQI to make a recommendation,Ó the Work G
any recommendation, suggestion, or other evidence
either direction) based on the very low, low, or inad
evidence amassed by the ERT.

Statements: Noninvasive Primary and Secondary
Prevention of AV Access Flow Dysfunction

Note: ÒAV access ßow dysfunctionÓ refers to c
abnormalities in AV access (AVF or AVG) ßow o
underlying stenosis, thrombosis, or related path
distinction to other types of AV access complica
r-

s
d
o

h

Q

ive
OQI
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.
ress
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Fistulas

14.1 KDOQI suggests that the use of adjuvant fa
infrared therapy to improve AVF primary
patency be based on individual circumstance
feasibility, and the clinicianÕs best judgment an
expertise. (Conditional Recommendation, M
Quality of Evidence)

14.2 KDOQI does not suggest the routine use of Þs
oil or aspirin to prevent AVF ßow dysfunction.
(Conditional Recommendation, Low-Moderate
Evidence)
S88
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14.3 There is inadequate evidence for KDOQI to mak
a recommendation on the use of simvastatin an
ezetimibe to reduce AVF interventions o
thrombosis.

14.4 There is inadequate evidence for KDOQI to mak
a recommendation on the use of clopidogrel-
prostacyclin to improve AVF primary failure.

Grafts

14.5 KDOQI suggests careful consideration of poten
tial individual patient beneÞts, risks, and cir-
cumstances prior to the use of combination
dipyridamole (200 mg) and aspirin (25 mg)
twice daily to improve AVG primary unassisted
patency.(Conditional Recommendation, High Q
Evidence)

14.6 KDOQI suggests the use of oral Þsh oil suppl
mentation, in patients with newly created AV
grafts, to reduce patient morbidity (ie, reduce
frequency of thrombosis and related corrective
interventions). (Conditional Recommendation, M
Quality of Evidence)

14.7 There is inadequate evidence for KDOQI to mak
a recommendation on the use of oral Þsh oi
supplementation to prolong AVG cumulative
patency.

14.8 There is inadequate evidence for KDOQI to mak
a recommendation on the use of simvastatin an
ezetimibe for reducing AVG interventions and
thrombosis.

Rationale/Background

Arteriovenous Fistula
AVF maturation failure remains an important clin
problem for HD patients and has been reported in ob
vational studies to range from 20% to 60%.77,233,234 In
fact, a multicenter RCT in the United States reported
up to 60% of AVFs created failed to mature successfu
dialysis use.31 At present, there are very few effect
therapies to prevent AVF dysfunction. The 2006 KD
guideline recommended interventions in AVF in
presence of inadequate ßow to support dialysis, hem
namically signiÞcant venous stenosis, aneurysm form
and ischemia.13 These Guidelines recommended a PT
surgical revision in an AVF with greater than 50% ste
in either the venous outßow or arterial inßow,
conjunction with clinical or physiologic abnormalities13

The previous 2006 KDOQI guideline did not add
pharmacologic interventions to prevent AVF dysf
tion.13 Since the 2006 KDOQI guideline, there has b
newly published literature evaluating pharmacologic
other therapies to prevent AVF dysfunction.
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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Guideline 14. AV Access Flow Dysfunction—Prevention
Far-Infrared Therapy. Four studies (N= 763), all
conducted in Taiwan, compared far-infrared radia
with no treatment for prevention of AVF dysfunction.382-

385 One study recruited patients not yet on HD
whom a new AVF was created,384 2 studies recruited pa
tients already on HD via AVF for at least 6 months wit
AVF interventions for at least 3 months,382,383 and 1
recruited patients on HD via AVF who required 2 or m
percutaneous interventions in the past.385 Participants
were followed for 1 year. All 4 and the pooled res
reported statistically higher rates of primary patency
year with far-infrared radiation compared with no tre
ment (RR, 1.24; 95% CI, 1.07-1.45). Lin et al384 in 2013
reported signiÞcantly lower occlusion in the far-infra
radiation group (5%) versus no treatment group (18
(P = 0.03). Lin et al382 in 2007 found no difference in
thrombosis at 1 year (P= 0.15).

There was no difference in the need for angiopl
between treatment arms; Lin et al382,383 in 2013 reported
angioplasty in 23% versus 25% (P= 0.87). In another study
Lin et al384 reported 0.11 versus 0.29 angioplasties per
per patient per year (P= 0.10). Lai et al385 and Lin et al384

reported no complications or infections in both groups.
et al384 reported shorter hospital stays with the far-infra
radiation versus no treatment (0.40 vs 1.35 days/pati
year;P< 0.01) (Supplement 3, Tables S157andS158).

Fish Oil. A single RCT by Irish et al386 (N = 567)
compared Þsh oil versus placebo for prophylaxis of
dysfunction. A subset of participants in both gro
without indication for aspirin (n= 406) was also ran
domized to aspirin or placebo. It is unclear how man
each group were concurrently taking aspirin, but ana
controlled for aspirin status. Follow-up was 6 months
adverse events, hospitalizations/emergency depar
visits, and mortality and 1 year for primary outcom
(primary AVF failure and thrombosis). Study particip
were on average 55 years old; 63% were men, 53%
white, and 32% were Asian (Supplement 3, Table S158).
There was no signiÞcant difference in AVF primary fa
thrombosis, hospitalizations/emergency department v
or mortality (Table 14.1).

There was no signiÞcant difference in adverse e
with Þsh oil versus placebo for bleeding (6% vs 4%)
-
cerns
and

vity
ts.

fail-
ous
-
with
s at

n

Table 14.1. Primary Outcomes for Fish Oil Versus Placebo for AVF

Outcome

Fish
Oil,
%

Placebo,
%

Relative Risk
(95% CI)

Primary failure 47 47 1.03 (0.86 to 1.23)

Thrombosis 22 23 0.98 (0.72 to 1.34)

Hospitalizations/
emergency department

38 39 0.99 (0.79 to 1.24)

Mortality 3 3 0.89 (0.35 to 2.27)

Abbreviation: CI, con� dence interval.
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1.56; 95% CI, 0.72-3.39) or gastrointestinal events (b
5%) (RR, 1.06; 95% CI, 0.52-2.17).

Primary failure in this study was deÞned as a comp
of thrombosis, AVF abandonment, and cannulation fa

Tables of studies, evidence quality, and risks of bia
provided inSupplement 3, Tables S158-S160.

Simvastatin-Ezetimibe. Herrington et al387 conduct-
ed a secondary analysis of the Study of Heart and
Protection (SHARP) trial (N= 2,353) that evaluated th
potential impact of simvastatin and ezetimibe
vascular access occlusive events.Vascular occlusive evwas
deÞned as any vascular access revision procedure
embolectomy, or surgical repair), any AV acc
thrombosis event, or the removal of old/placement
new vascular access (AV access or CVC). Analyse
restricted to those participants known to have a
existing functioning AVF or AVG at randomization387

Participants were on average 59 years old; 65%
male and 94% had an AVF access.387 There was no
signiÞcant difference in the need for intervention w
simvastatin and ezetimibe versus placebo (19% vs
note that vascular access types were not reported
rately; RR, 0.87; 95% CI, 0.74-1.02). Access thromb
was not signiÞcantly different with simvastatin/ez
mibe versus placebo (RR, 0.90; 95% CI, 0.71-1.15),
was the rate of any vascular occlusive event (27%
simvastatin/ezetimibe vs 32% for placebo) (RR, 0
99% CI, 0.68-1.02).387 Harms pertaining to vascul
access were not reported (Supplement 3, Tables S16
S163).

Clopidogrel and Prostacyclin. There is 1 RCT (N=
96) by Abacilar et al283from Turkey comparing clop
dogrel in combination with prostacyclin versus placeb
prevent AVF dysfunction. Primary failure at up to
months was 8% with clopidogrel-prostacyclin ther
versus 30% with placebo (RR, 0.82; 95% CI, 0.31-0.
Primary patency was not signiÞcantly different w
clopidogrel-prostacyclin therapy (60%) versus plac
(39%) (RR, 1.53; 95% CI, 1.00-2.35). There was
signiÞcant difference in number of adverse ev
(tenderness, edema, or hematoma) (18% vs 1
respectively; RR, 1.38; 95% CI, 0.53-3.58) and blee
(RR, 0.92; 95% CI, 0.059-14.3) between arms283

(Supplement 3, Tables S160-S162). This study was dis
cussed at length by the Work Group. There were con
regarding the methodology and reporting of this study
its potential clinical applications.

Arteriovenous Grafts
Preventing AVG thrombosis and maintaining longe
remains a major clinical problem for HD patien
Thrombosis can account for up to 80% of AVG
ures235,236 due to an underlying stenosis at the ven
anastomosis.237-239 The 2006 KDOQI guideline recom
mended evaluation and treatment in AVGs of patients
extremity edema persisting for 2 weeks or longer, AVG
risk for rupture, and stenosis with a>50% decrease i
S89
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Guideline 14. AV Access Flow Dysfunction—Prevention
luminal diameter with clinical and physiologic abnorm
ities.13 These Guidelines recommended PTA or sur
revision/repair to prevent AVG dysfunction.13 Since the
2006 KDOQI guideline, there has been newly publis
literature evaluating pharmacologic therapies and n
interventions to prevent AVG dysfunction.

Recent studies that assessed pharmacologic thera
prevent AVG dysfunction include those related to Þs
and dipyridamole.97,388-390

Fish Oil. Two North American studies (N= 230)
compared Þsh oil with placebo for patency of AVGs.
et al followed participants for 1 year388 and Bowden et a
for 8 months.389 Primary patency was better at 1 year w
Þsh oil versus placebo in Lok et al (48% vs 32%; HR,
95% CI, 0.46-0.99;P= 0.045), but Bowden et al reporte
no difference at 6 months (mean patency rate, 254.2
vs 254.1 days). Bowden et al reported the proportio
AVG with thrombosis or required angioplasty, 50% ve
40% (RR, 1.25; 95% CI, 0.56-2.81).389 Secondary patenc
was not signiÞcantly different with Þsh oil versus plac
Lok et al388 reported that time to intervention was n
signiÞcantly different with Þsh oil versus placebo (
0.78; 95% CI, 0.55-1.09). However, fewer interventio
per 1,000 access days was reported with Þsh oil v
placebo (0.39 vs 0.95 interventions per 1,000 access
95% CI, 0.20-0.85;P= 0.02).388 This group also reporte
a lower rate of thrombosis with Þsh oil compared w
placebo, 1.71 versus 3.41 (RR, 0.50; 95% CI, 0.35-0.
Bowden et al389 reported no difference in gastrointesti
distress between patients assigned to Þsh oil versu
cebo, 33% versus 13% (RR, 2.68; 95% CI, 0.62-11.6).
dose and compositions of Þsh oil used by Bowden an
were different.

Tables of study details and evidence quality are
vided inSupplement 3, Tables S164 and S166.

Dipyridamole and Aspirin 96,390. Two publications of 1
North American RCT (N= 649) reported outcomes for th
comparison between dipyridamole (200 mg) and asp
(25 mg) daily versus placebo96,390 given at the time o
AVG creation and followed for 1 year. The particip
were on average 59 years old; 39% were male, and
were black. Dixon et al96 showed that AVG unassisted g
patency at 1 year was lower with dipyridamole/asp
(80%) versus placebo (84%) (HR, 0.82; 95% CI, 0.
0.98). They reported a median primary patency of
months with dipyridamole/aspirin versus 4.3 months w
placebo (ie, a difference of 6 weeks); however, statis
signiÞcance was not reported, and data was othe
insufÞcient to calculate signiÞcance or assess qua
evidence. There was no difference in hospitalization
tween groups (54% vs 52%; HR, 0.93; 95% CI, 0.
1.15).96,390 The study did not report further harms of t
dipyridamole and aspirin combination.

The study details and evidence quality are provide
Supplement 3, Table S166.
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Summary

Arteriovenous Fistula. In AVFs, clopidogrel and pro
tacyclin has been the only pharmacologic therapy
gested by RCT evidence to be effective to prevent
dysfunction.283 This study reported that clopidogrel a
prostacyclin therapy improved primary AVF failu
Although reviewed in a separate section, a multicenter
by Dember et al31 reported that clopidogrel signiÞcan
reduced 6-week AVF thrombosis but did not improve
suitability for dialysis. A recent RCT evaluating Þsh oi
aspirin in new AVFs did not show any beneÞt to impr
primary failures, thrombosis, abandonment, or cann
tion failure in the Þsh oil group.386 A subset of participan
without aspirin indication (n= 406) in both groups were
also randomized to aspirin or placebo.386 It is unclear how
many in each group were concurrently taking aspirin,
analyses controlled for aspirin status. The results from
aspirin subset were not graded for level of evide
However, in the aspirin-only analysis, aspirin did
improve primary or secondary outcomes. Also, in a
sequent independent publication, Þsh oil was found t
associated with reduced rates of AV access
terventions.345 Finally, the far-infrared therapy stud
demonstrated signiÞcantly improved primary AVF pat
rates compared with no treatment. Although severa
these pharmacologic and technologic therapies
shown beneÞt, the Work Group recommends an ind
ualized approach toward implementing these thera
because the sample size was small in several of
studies.

Arteriovenous Grafts. There were 2 major studie
evaluating pharmacologic therapies in AVG, Þsh oil388 and
dipyridamole/aspirin.96 The Þsh oil study showe
improved primary but not secondary AVG pate
Dipyridamole/aspirin also showed improved prim
patency. Clinical practice implementation based on
results of these studies needs to be individual
Although in combined studies Þsh oil did not show
niÞcant beneÞt for AVF patency, it was associated
reduced frequency (rate) of thrombosis and interventi
and it prolonged the time to thrombosis. Overall, Þsh
has low-risk proÞle; risks and beneÞts can be consi
within the patientÕs ESKD Life-Plan.

On the other hand, although dipyridamole/aspi
showed a signiÞcant statistical beneÞt to reduce lo
primary patency, the beneÞt of the therapy realistically
very modest: primary unassisted patency in the d
idamole/aspirin group was 28% versus 23% in the plac
group (ie, taking dipyridamole/aspirin delayed loss
primary patency by 6 weeks).96 However, the risks o
potential complications of frailty, falls, and bleeding m
be individualized before considering use of this thera

Although not reviewed by the ERT for these guidelines
efÞcacy of the combination of aspirin and clopidogrel in
prevention of graft thrombosis was evaluated in a Vet
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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Guideline 15. AV Access Flow Dysfunction—Con� rmation and Treatment
Affairs Cooperative study.391 The study was a randomize
double-blind trial conducted at 30 hemodialysis unit
Veterans Affairs medical centers. Participants unde
hemodialysis with an AVG were randomized to receive e
double placebos or aspirin (325 mg) and clopidogrel
mg) daily. Participants were to be monitored while recei
study medications for a minimum of 2 years. The study
stopped after randomization of 200 participants by the
Safety and Monitoring Board because of a signiÞc
increased risk of bleeding among the participants rece
aspirin and clopidogrel therapy. The cumulative inciden
bleeding events was signiÞcantly greater for those p
pants compared with participants receiving placebo
1.98; 95% CI, 1.19-3.28;P= 0.007).391 Among the vascula
access outcomes data reported, there was no sign
beneÞt of active treatment in the prevention of thromb
(HR, 0.81; 95% CI, 0.47-1.40;P = 0.45).391 Similar
increased major bleeding risks were noted in a w
conducted double-blind RCT of low-dose warfarin (ta
international normalized ratio [INR], 1.4-1.9) versus plac
to reduce HD graft thrombosis.392 Although these studies
show beneÞt of an antiplatelet agent or anticoagula
thrombosis, they more importantly highlight the need for
potential complications of using antiplatelet or anticoa
elderly and frail population, where the beneÞt of the th
modest or absent.

Special Discussions
Overall, there were very few studies that evaluated t
pies to prevent AVF and AVG dysfunction that wer
high-quality evidence. Even in those studies of
quality, careful consideration should be made before u
additional therapies based on statistically signiÞcant r
in the absence of important clinically meaning
differences.

Implementation Considerations

� Some of these therapies, such as far-infrared the
may not be widely available outside of Asia.

� Antiplatelet and anticoagulant agents may increas
of bleeding, and their use needs to be care
considered in the elderly population and those pat
with high bleeding risks.

Monitoring and Evaluation

� Because a number of these therapies have bee
formed in smaller studies and often nonrandom
studies, adverse events need to be closely monitore
evaluated.

� A number of these agents have adverse events s
bleeding, so these complications must be clo
monitored and evaluated.

Future Research

� Far-infrared therapies for AVF and AVG dysfunctio
populations outside of Taiwan
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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Guideline 15. AV Access Flow
Dysfunction —Con� rmation and Treatment
Please refer toBox 1to understand the evidence basis
the Guideline Statements.

Note: When a statement indicates that ÒThere is i
for KDOQI to make a recommendation,Ó the Work G
any recommendation, suggestion, or other evidence
either direction) based on the very low, low, or inad
evidence amassed by the ERT.

Statements: Radiographic Con � rmation of
Clinically Signi � cant AV Access Lesion

15.1 KDOQI considers it reasonable that when clinica
monitoring suspects clinically signiÞcant AV ac
cess lesion (eg, stenosis), further timely an
conÞrmatory evaluation should proceed
including imaging of the dialysis access circuit
(Expert Opinion)

Notes:

� A clinically signiÞcant lesion is one that contri

signs and symptoms (see AV Access MonitoTable 13.2)
without other cause (with or without a change
measurements, such as change in blood ßo
pressures).

� Dialysis access circuit is deÞned as the con
heart and the arterial inßow through the AV
venous outßow back to the heart.

� The timeframe, choice, and extent of imag
further evaluation are dependent on local r
severity of Þndings on clinical monitoring; a ti
than 2 weeks was deemed reasonable by th
Group.
risk
lly
nts

per-
d
and

h as
ely

in

15.2 KDOQI considers it reasonable to use the smalle
volume of iodinated contrast or non-iodinated
contrast agents (eg, CO2 gas) by operators
knowledgeable in their uses, contraindications
and risks to obtain the best possible image in a
patients with CKD to preserve residual kidne
function. (Expert Opinion)

15.3 KDOQI considers it reasonable that when furthe
conÞrmatory imaging studies reveal a culpr
lesion responsible for clinical signs and symp
toms, the clinically signiÞcant lesion is promptly
treated.(Expert Opinion)

Note: A clinically signiÞcant lesion is one that contrib
and symptoms (see AV access Monitoring, Table 13.2) withou
other cause (with or without a change in surve
ments, such as change in blood ßow [Qa] or ve
S91
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Guideline 15. AV Access Flow Dysfunction—Con� rmation and Treatment
Statement: General Treatment of Clinically
Signi � cant Stenosis or Thrombosed AV Access

15.4 KDOQI considers it reasonable to use a caref
individualized approach to the treatment of
failing or thrombosed AVF and AVG (surgical o
endovascular), based on the operators best cli
ical judgment and expertise considering the pa
tientÕs ESKD Life-Plan.(Expert Opinion)

Note: Consider both the patientÕs individual circumstances and the
clinical experience and expertise (ie, reasonable capabilities
tations); preferably discussed and agreed on by themanaging t
patientÕs vascular access, including but not lim
and one or more of the following: nephrologist,
surgeon, vascular access coordinator, cannu
technician).
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Statements: Treatment of Clinically Signi � cant AV
Access Stenosis

Angioplasty

15.5 KDOQI considers it reasonable to use balloo
angioplasty (with high pressure as needed) a
primary treatment of AVF and AVG stenotic le
sions that are both clinically and angiographically
signiÞcant.(Expert Opinion)

Note: Angiographically present stenosis without ac
ical signs and symptoms is inadequate to treat/

15.6 There is inadequate evidence for KDOQI to mak
a recommendation regarding the use of specia
ized balloons (drug-coated or cutting) versus
standard high-pressure balloons in the primary
treatment of AVF and AVG stenosis.

15.7 There is inadequate evidence for KDOQI to mak
a recommendation regarding the optimal dura-
tion of balloon inßation time during angioplasty
to improve intervention primary patency in the
treatment of AVF or AVG stenosis.

15.8 KDOQI considers it reasonable that a carefu
patient-individualized approach to the choice of
balloon type for angioplasty of clinically signiÞ-
cant AVF and AVG stenosis be based on the o
eratorÕs best clinical judgment and expertis
(Expert Opinion)

Stents

15.9 KDOQI suggests the appropriate use of se
expanding stent-grafts in preference to angio
plasty alone to treat clinically signiÞcant graft-
vein anastomotic stenosis in AVG when th
S92
l

operatorÕs
d limi-
eame
ed to the patient
terventionalist,

ators (nurse or

ompanying clin-
tervene upon.

-
.

-

goal is overall better 6-month postintervention
outcomes after carefully considering the pa
tientÕs ESKD Life-Plan.(Conditional Recomme
tion, Moderate Quality of Evidence)

Note: Appropriate use avoids cannulation segmen
Note: Overall better 6-month outcomes refer to re

AVG restenosis± improved patency.

15.10 KDOQI considers it reasonable to Þrst conside
the consequences of placement of a stent-gra
on future AV access options according to th
patientÕs ESKD Life-Plan, with consultation wit
the vascular access team if necessary, prior to
placement.(Expert Opinion)

15.11 KDOQI suggests that the use of an appropriate
placed stent-graft is preferred to angioplast
alone for the treatment of in-stent restenosis in
AVG and AVF for overall better 6-month post-
intervention outcomes. (Conditional Recomme
tion, Moderate Quality of Evidence)

Note: Appropriate use avoids cannulation segmen
Note: Overall better 6-month outcomes refer to re

AVG and AVF restenosis± improved patency.

15.12 KDOQI considers it reasonable to avoid the use
bare metal stents for the treatment of clinically
and/or angiographically signiÞcant AVG and AVF
stenotic lesions.(Expert Opinion)

Rationale/Background
Maintaining effective functioning AV access (AVF
AVG) is an ongoing challenge that frequently requ
remedial treatment for problematic AV accesses
Table 13.2, Clinical Indicators (Signs and Symptom
Suggesting Underlying Clinically SigniÞcant Lesions
ing Access Monitoring), especially if AV access throm
occurs as a terminal event. Several of these conditio
addressed in separate sections of the Guide
(Guidelines 16-19). The generic approach to these vari
failure modes includes appropriate monitoring and im
ing to identify the underlying cause and then deÞn
treatment of the clinically signiÞcant culprit lesion. Var
endovascular approaches have largely replaced the
surgical approach and should be used as the Þrst l
treatment, with the surgical approach reserved for e
vascular failures, lesions not amenable to endova
treatment, and those select lesions in which the sur
approach is deemed far more durable.

Stenosis is the most common complication after
access creation.393 Venous stenosis is often the resul
neointimal hyperplasia394 and leads to several serio
sequelae in both AVF and AVG. Stenosis causes AV
maturation with the attendant reliance on CVCs.
maturation failure has been reported in observati
studies to range from 20% to 60%.77,233,234 Furthermore,
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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Guideline 15. AV Access Flow Dysfunction—Con� rmation and Treatment
a multicenter RCT in the United States reported that
60% of AVFs failed to mature successfully for dia
use.31 Stenosis also causes dysfunction in mature
resulting in inadequate HD clearance, thrombosis,
eventual abandonment. AVGs are also susceptible
nosis developing at the graft-vein junction, leading
thrombosis in 80% of AVGs.235,236,238,239,395 The previous
2006 KDOQI guideline maintained that PTA is the Þrst
treatment for stenosis in the access circuit.13 Although this
generally remains the case in the modern era of vas
access, several important clinical trials and devic
novations are considered that may alter the indication
angioplasty and the types of balloons and stents for
ment of stenosis. The current recommendations up
those from the previous Guidelines.
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Detailed Justi � cation
Maintaining vascular access function required to pro
adequate goal-directed dialysis is an ongoing challeng
all access types and conÞgurations; all have a limite
expectancy. The complication and remediation rates
infection, sepsis, thrombectomy) vary by the dialysis a
type (CVC: 0.7 and 2.1 episodes/year; AVF: 0.14 and
episodes/year; AVG: 0.25 and 0.77, episodes/y
respectively)396,397 and are detailed in various sections
this Guideline. In addition to the signiÞcant morbid
associated with dialysis access complications,398 procedures
to conÞrm and manage AV access ßow–related problem
have been deemed the most burdensome to patients,
leading to patient dissatisfaction.345 It is the responsibility o
the treating team to ensure appropriate detection of fa
AV access and judicious use of invasive procedures
diagnosis and treatment of culprit lesions. To pro
greater clarity, the Work Group has replaced the termAV
access dysfunctionwith 3 more speciÞc terms describing
access complications: (1) thrombotic-ßow related com
cations or dysfunction; (2) nonthrombotic-ßow–related
complications or dysfunction, and (3) infection-rela
complications or dysfunction (see Glossary). It is inc
bent on all health care providers who care for HD patien
be familiar with the various vascular access complica
and failure modes. It is critical to emphasize that redu
complications and vascular access failure begins be
vascular access is created, with proper patient selectio
an appropriate vascular access plan (vascular access
plan) that considers the entire life cycle of the vascula
cess (vascular access contingency and succession pla
the appropriate monitoring and care within the dialysis u

Detection and Diagnosis of Clinically Signi � cant
Stenosis and Related Complications
A clinically signiÞcant stenosis within the HD access c
is associated with patient signs and symptoms and ca
to abnormal dialysis indicators (Table 13.2). The HD
vascular access circuit should be viewed as a conti
from the left side of the heart, through the outßow arte
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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inßow to the anastomosis and back again, through
peripheral veins (or graft) to the central veins, and
mately to the right side of the heart. AV accesses
develop lesions, especially stenosis, at any point withi
circuit. AVGs typically develop stenoses at the graft-v
anastomoses, whereas AVFs typically develop steno
the juxta-anastomotic region and the swing segmen
brachial-basilic AVF and the cephalic arch for brac
cephalic AVF.399-402 As noted inGuideline 15, the indi-
cation for further evaluation and deÞnitive treatment
quires the presence of a clinically symptomatic, signiÞ
lesion and not simply the presence of a lesion
asymptomatic stenosis).403,404

Once routine monitoring reveals a clinically import
vascular access problem (Guideline 13), the diagnostic
approach is contingent on the clinical suspicion of
underlying lesion (ie, arterial inßow, anastomosis, ven
outßow). Duplex ultrasound is effective for examining
AV access from the arterial anastomosis throughou
peripheral venous section (or graft) and may asce
causes of thrombotic ßow–related complications
dysfunction such as neointimal hyperplasia (NH), th
ened venous valves, and competing accessory
However, it is ineffective for interrogating the cen
venous outßow, given the limitations of ultrasound
the bony thoracic cavity. Arterial duplex ultrasound ca
helpful to image the peripheral arteries but is again lim
for assessing the great vessels in the chest. Cathete
venography and arteriography are invasive proce
but can deÞnitively image the AV access from the an
mosis to the heart (venography) or the whole AV ac
circuit (arteriography) while serving as a platform
therapeutic interventions. CT arteriography and ve
raphy are alternative diagnostic studies for most perip
vascular interventions but may have practical lim
tions.405 These diagnostic procedures may use iodin
contrast that is potentially nephrotoxic and should be
judiciously in patients with CKD/ESKD and residual kid
function—on or off dialysis. Indeed, the choice of contr
needs to be factored into the imaging algorithm. Car
dioxide can be used as an alternative non-nephro
contrast agent for catheter-based procedures in
cases, although the quality of the imaging may no
sufÞcient to guide interventions, and caution should
exercised to avoid intra-arterial injection in the upper
tremity due to the potential of the gas to pass into
cerebral arterial circulation and cause neurologic even406

Intravascular ultrasound can also be helpful in pat
with severe contrast allergies.407 MRI is also an alternati
to CT arteriography, although the published experien
limited, and the use of the MRI contrast agent gadolin
is relatively contraindicated due to the risk of nephrog
Þbrosis.405,408

Appropriate imaging of the dialysis circuit sho
identify the culprit lesion and suggest deÞnitive treatm
strategies. Venous stenoses throughout the periphera
for AVFs and at the venous anastomoses for AVG
S93
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Guideline 15. AV Access Flow Dysfunction—Con� rmation and Treatment
typically treated with endovascular therapies given
less invasive nature. Notably, these stenoses are ty
dense, Þbrous lesions from intimal hyperplasia and
distinctly different from arterial atherosclerotic lesio
Anastomotic lesions can likewise be treated with
endovascular-Þrst approach, although they may not
amenable to angioplasty, and, thus, more suited for
repair. The choice of treatment for atherosclerotic ar
inßow lesions should be based on their natural his
independent of the fact that they involved ves
providing inßow to the AV access. Accordingly, subcla
oriÞcal lesions are typically treated with a combinatio
balloon angioplasty and intraluminal stenting with
more peripheral lesions (ie, axillary, brachial, radial,
nar) treated by endovascular methods or open sur
repair using bypass or patch angioplasty.

Angioplasty for Treatment of Clinically Signi � cant
Stenoses

High-Pressure Balloon Angioplasty. Venous stenos
from NH is characterized by a concentric thickening
a lumen diameter reduction caused by myointimal
proliferation.409 Although there are several putat
mechanisms that may promote NH, including an
ßammatory reaction secondary to the AVF creation
gery, hemodynamic shear stress, trauma related to n
punctures, and possibly as a direct result of uremia,410 a
durable solution to NH-induced stenosis remains elu
Re-stenosis at the initial lesion or elsewhere in the
viously treated dialysis circuit occurs up to 60% of
time at 6 months.411 In addition, the usual percutaneo
angioplasty (PTA) solution to AV access stenosis
very mechanism by which NH is induced in the porc
model and vessels progressively injured in HD
tients.412 Due to these fundamental limitations in
efÞcacy of standard PTA, several innovations
Table 15.1. Outcomes of Paclitaxel-Coated Balloon Angioplasty in AVG

Outcome Paclitaxel-coa

Primary patency at 1 year (all AV accesses) No differe

Median primary patency (all AV accesses), years 0.64

Primary patency at 1 year (AVG),% 38

Median primary patency (AVG), years 0.62

Primary patency at 1 year (AVF),% 29

Median primary patency (AVF), years 0.78

Abbreviations: AV, arteriovenous; AVF, arteriovenous� stula; AVG, arteriove
angioplasty; RR, relative risk.
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evaluated in this Guidelines. Aside from the specia
cumstances described herein, standard high-pre
balloon angioplasty remains the treatment of choice
the majority of anatomic and clinically signiÞcant
access stenotic lesions. A clinically signiÞcant AV
stenotic lesion is one that is accompanied by clinical
and symptoms (refer to sectionGuideline 13 and
Tables 13.1and 13.2) and shows >50% narrowing
relative to adjacent normal vein diameter by angiogra
or ultrasound.

Paclitaxel-Coated Balloon Angioplasty in AVF. An
RCT (N= 40) evaluated treatment with paclitaxel dru
coated balloons (PCBs) (Supplement 3, Table S17)
compared with high-pressure balloons for treatmen
single stenotic lesions in AVFs.413,414 Patients were fol
lowed to 1 year with clinical assessments every 2 mo
Both groups received oral aspirin 100 mg daily after
gioplasty. Primary patency at 200 days was not sig
cantly different with PCB versus high-pressure ball
(RR, 2.25; 95% CI, 0.83-6.13). However, treatment les
re-stenosis-free survival was signiÞcantly superior in
PCB group compared with the high-pressure bal
group (PCB, 308 days vs balloon, 161 days; HR, 0
95% CI, 0.23-0.96;P = 0.03), as was access circuit p
mary patency (ACPP) (median days): 270 versus 161
(HR, 0.48; 95% CI, 0.23-0.97). Thrombosis at 1 year
not differ (RR, 2.0; 95% CI, 0.2-20.3).414 Another smal
RCT (N= 10) compared PCB with plain balloon ver
plain balloon alone for treatment of stenotic AVF wh
each access circuit had 2 lesions, 1 treated with PC
the other without. Each patient acted as his/her o
control and was followed for 1 year.415 A high-pressure
balloon was used if a plain balloon did not adequa
treat the target lesion. Primary patency at 1 year wa
signiÞcantly different with PCB and plain balloons ve
plain balloon alone (20% vs 0%;P= 0.47). Angioplasty-
s and AVFs

ted PTA Plain balloon PTA RR, HR, or P value

nce No difference RR, 7.0
95% CI, 0.95-51.8

0.36 P = 0.0007
adjusted HR, 0.23
95% CI, 0.10-0.50

0 P = 0.003

0.21 P = 0.002
unadjusted HR, 0.22
95% CI, 0.08-0.57

14 P = 0.26

0.43 P = 0.15
unadjusted HR, 0.42
95% CI, 0.13-1.44

nous graft; CI, con� dence interval; HR, hazard ratio; PTA, primary balloon

AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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Guideline 15. AV Access Flow Dysfunction—Con� rmation and Treatment
free days were signiÞcantly greater with PCB and
balloons versus plain balloon alone (251 vs 103 daysP<
0.01).

Paclitaxel-Coated Balloon Angioplasty in AVG. One
RCT (N= 40) compared paclitaxel-coated balloon ve
plain balloon for PTA in stenotic AV access (14 AVF=
14] and 26 AVG) at 1 year413 (Table 15.1).

Thrombosis was not signiÞcantly different with P
versus plain balloon (RR, 1.0; 95% CI, 0.l6-6.4
Angiographic restenosis was signiÞcantly lower with
versus plain balloon (RR, 0.68; 95% CI, 0.49-0.96), as
the need for repeat angioplasty procedures (RR, 0.63
CI, 0.44-0.92).

A recent meta-analysis found that paclitaxel-coated
and balloons used in patients with peripheral arterial di
for claudication was associated with an increased 5
mortality. A causative factor, if any, has not been asc
ned—it is unclear if this Þnding is relevant to the HD pat
population and vascular access.416

Cutting Balloon Angioplasty. Two RCTs compare
cutting balloon angioplasty with high-pressure ball
angioplasty for the treatment of stenosis in AVF.417,418

One Canadian trial (N= 48; 39 analyzed), included pa
ticipants with de novo stenoses. Another Singapore-
study (N = 77; 71 analyzed) included participants w
stenoses for whom conventional pressure balloon a
plasty had failed who were randomized to cutting ball
PTA versus high-pressure balloon PTA. Average age
AVF was approximately 15 months in the Canadian
and 22 months in the Singapore trial.418 Clinical treatmen
success, deÞned as the ability to perform at least 1
cessful dialysis procedure using the AVF after angiop
was 96% and did not differ between groups (RR, 1
95% CI, 0.95-1.05). Technical treatment success, de
as<30% residual stenosis, did not differ at 95% and 9
in the cutting and high-pressure arms, respectively
0.98; 95% CI, 0.91-1.05]. Overall, 6-month prima
patency did not differ between groups.
Table 15.2. Indications for Stent-Graft Use in AV Access

Please note that the indications for stent graft use is for 6 month outc
The numbers of patients at risk in the individual studies were too sma
Studies have not suf� ciently or consistently shown stent graft use to imp
months.
The indications below are relevant to AV accesses in the absence of
consider the impact of its placement on (1) the current access’s ability
subsequent vascular access creation and use.

� Recurrent clinically signi� cant graft-vein anastomotic stenosis in AVG
� Recurrent graft-vein anastomotic thrombosis in AVG
� In-stent re-stenosis in AVF and AVG
� Treatment of ruptured venous stenotic segment of AVF and AVG
� Treatment of highly select AV access aneurysm/pseudoaneurysm (s

Note: Overall better 6-month outcomes refer to reduced recurrent AV
consensus in the Guidelines,Table 15.2re� ects the Work Group’s very co
expert opinion (eg,Guideline Statements 15.9-15.11), considering clinical p
and numbers from the available evidence. This highlights the need for f
� ndings on clinical monitoring and surveillance that lead to the indication
the impact of treatments on future AV access creation and use.
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Study details and evidence quality are provide
Supplement 3, Table S167.

Angioplasty Balloon In � ation Time. One RCT (N=
48) compared a 1-minute inßation time with a 3-minu
inßation time during PTA of AV access stenosis.419 Most
were AVF (88%), with an average age of 692 days. T
were 40 stenoses in the 27 participants allocated to t
minute group and 36 stenoses in the 21 particip
allocated to the 3-minute group. Results were reporte
to 6 months. Treatment success, deÞned as a reduc
stenosis to less than 30% of the luminal diameter
reduction of the mean gradient to less than 10 mm H
peripheral or to less than 5 mm Hg in central lesions,
not differ statistically between groups (75% in the
minute group vs 89% in the 3-minute group ;P =
0.12). Primary patency did not differ between group
any of the postintervention intervals of 1, 3, or 6 mon
Kaplan-Meier estimates of 6-month patency were 63%
47% for the 1- and 3-minute duration groups, resp
tively. An observational trial (N= 75) analyzed prospec
tively collected data from a vascular access datab
stenotic AVGs and AVFs with 223 interventions (178
30-second inßations and 45 with 1-minute inßations)420

Demographics and baseline characteristics were s
across groups. Immediate technical success and pate
the Þrst 3 months did not differ (HR, 0.86; 95% CI, 0.3
2.20). After 3 months, however, a 1-minute inßation ti
was associated with greater incidence of AV access
(adjusted HR, 1.74; 95% CI, 1.09-2.79).

Stents for Treatment of Clinically Signi � cant
Stenoses
SeeTable 15.2for indications for stent use in AV acce

Stents-grafts in AVG. Two RCTs evaluated stent gr
for treating AVG stenosis: Haskal et al421 and Vesely
et al422 compared treatments for AVG venous anastom
stenosis using angioplasty with placement of stent-g
versus angioplasty alone. Haskal et al conduct
omes only.
ll for the ERT to determine impact on 12- and 24-month outcomes.

rove AV access thrombosis rates or cumulative AV access survival beyond 6

central vein occlusion. Before the use of a stent-graft, clinicians should� rst
to be cannulated without harm and (2) the patient’s ESKD Life-Plan and

ee AV access aneurysms section)

G restenosis± patency (target lesion and AV access circuit). To achieve
nsidered decision to incorporate and balance the available evidence with
ractice and the long-term needs of patients, with the limited follow-up time
urther rigorous study of stent-graft use in AV accesses, which considers the
s for investigation and treatment, and the need for longer follow-up, including
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Guideline 15. AV Access Flow Dysfunction—Con� rmation and Treatment
multicenter RCT (N= 190) that compared angioplas
with placement of a stent-graft (self-expanding niti
polytetraßuoroethylene stent [Flair Endovascular
Graft, Bard Peripheral Vascular]) to high-pressure a
plasty alone to treat AVG venous anastomotic ste
Participants were followed for 6 months. Treatm
groups were similar at baseline, except for more an
moses at the axillary vein among the angioplasty-a
group. Thrombosed accesses were excluded, a
mandatory 6-month angiogram was performed. Ve
et al conducted a multicenter RCT (N= 293) that
compared angioplasty with placement of a stent-graft (
expanding polytetraßuoroethylene stent with a hep
bioactive surface and an external nitinol structure (Via
Endoprosthesis With Heparin Bioactive Surface, WL
to angioplasty alone to treat AVG venous anasto
stenosis.422 Participants were followed for 24 month
Treatment groups were similar at baseline, except for
Hispanic/Latino participants among the angioplasty-a
group. Thrombosed AVGs were included, and follow
was conducted per individual site standard of pra
with no mandatory angiogram. Outcomes were repo
for both intent-to-treat and per-protocol populations; o
the intent-to-treat outcomes were extracted and ana
by the ERT. Because Vesely et al also reported p
patency for patients with stenosis versus thromb
separately, the outcomes for patients with stenosis
pooled with outcomes from Haskal et al and analyze

In a pooled analysis, treatment area primary pat
(TAPP) by angioplasty with stent graft versus angiop
alone at 6 months was signiÞcantly higher among ste
lesions (RR, 1.71; 95% CI, 1.11-2.64) and among al
sions (stenotic and thrombotic) (RR, 1.50; 95% CI, 1.
1.97) in Vesely et al.422 However, in the shorter term
TAPP was not signiÞcantly different for angioplasty
stent graft versus angioplasty alone among stenotic le
at 2 months (RR, 1.04; 95% CI, 0.90-1.21). ACPP
angioplasty with stent graft versus angioplasty alone
months was signiÞcantly higher in a pooled ana
among stenotic lesions (RR, 1.58; 95% CI, 1.30-2.20)
in the study by Vesely et al, among all lesions (stenotic
thrombotic) (RR, 1.46; 95% CI, 1.06-2.01). However,
the Haskal et al study, ACPP was not signiÞcantly dif
for angioplasty with stent graft versus angioplasty a
among stenotic lesions at 2 months (RR, 1.03; 95%
0.88-1.19).

Tables of studies, evidence quality, and risks of bia
provided inSupplement 3, Tables S168-S177.

Several intermediate outcomes evaluated showe
angioplasty with stent graft, compared with angiopl
alone, had (1) higher freedom from subsequent in
vention (32% angioplasty with stent graft vs 16% an
plasty alone;P= 0.03),421 (2) lower risk of restenosis (RR
0.52; 95% CI, 0.40-0.68), (3) longer median time to lo
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of TAPP among all lesions (2,013 days for angioplasty
stent vs 108 days for angioplasty alone),423 and 4) longer
median time to loss of ACPP among all lesions (126
for angioplasty with stent s 91 days for angioplasty alo
Tests for signiÞcance were not reported and were
calculable in time-to-event analyses.

Haskal et al421 and Vesely et al422 did not report other
intermediate health outcomes. Harms associated
treatment, including infection (RR, 2.84; 95%
0.59-13.72), pseudoaneurysm (RR, 2.37; 95% CI, 0
11.90), and vessel rupture (RR, 2.84; 95% CI, 0
26.82), were not signiÞcantly different for angiopla
with stent graft versus angioplasty alone in Haskal
Adverse events within 30 days, whether major (risk
ference, -0.01; 95% CI, -0.03 to 0.005; RR, undeÞned
minor (RR, 2.04; 95% CI, 0.38-10.97) were not sign
cantly different for angioplasty with stent grafts ve
angioplasty alone in Vesely et al.

The Work Group discussed these studies and the
plications at great length. Concerns raised included th
that the Haskal et al study421 used protocol angiograms
detect lesions, which may not have been clinically si
icant; thus, the generalizability and relevance to cli
practice was questioned. There was also no differen
clinically important thrombosis. After the literature rev
and data extraction by the ERT, another study was
lished (RENOVA, by Haskal et al), which was simila
design as the prior Haskal study but with longer foll
up.424 The Work Group reviewed and considered
study as well. All studies that reported 12- and 24-mo
outcomes had low numbers of remaining patients at
leaving uncertainty in interpretation (for example,
Haskal et al, at 12 months, the total number of evalu
patients at risk was 9, and at 24 months it was 0,
ACPP).

The Work Group statements reßect the considerati
the outcomes of all 4 published studies and their clin
interpretation, application, and relevance in light of
Work Group concerns.

Stent-grafts in AVF. Two RCTs evaluated stent gr
for treating AVF stenosis.425,426 Shemesh et al425 and Rajan
et al426 compared treatments for cephalic arch sten
Shemesh et al compared angioplasty with a stent
versus angioplasty with a bare-metal stent, whereas
et al compared angioplasty with a stent graft versu
gioplasty alone. The ERT did not extract data for an
from the Rajan et al study, due to the studyÕs high r
bias.

Shemesh et al (N= 25) compared the 2 groups fo
treating recurrent cephalic arch stenosis within 3 mo
of a previous successful PTA of a brachiocephalic
with up to 15 months follow-up (mean, 13.7 months).425

The stent graft was a self-expanding nitinol stent cov
by expanded polytetraßuoroethylene (Fluency Plus,
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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Guideline 15. AV Access Flow Dysfunction—Con� rmation and Treatment
Peripheral Vascular, Angiomed GmbH & Co M
zintechnik KG). The bare-metal stent was a self-expa
nitinol stent (Luminex, Bard Peripheral Vascu
Angiomed GmbH & Co Medizintechnik KG). Stent gr
compared with bare-metal stents showed (1) higher
mary patency (HR, 4.09; 95% CI, 1.9-20.3;P = 0.002)
and (2) no difference in secondary patency (P= 0.29 by
log-rank test) at 1 year.

Interventions for re-stenosis were signiÞcantly fe
with a stent-graft versus a bare-metal stent during
follow-up (RR, 0.46; 95% CI, 0.22-0.96), as were ove
interventions per patient-year (RR, 0.47; 95% CI, 0
0.61). Re-stenosis was deÞned as>50% stenosis at
months as determined by angiography. Re-stenosis
months was signiÞcantly lower with a stent-graft (
0.26; 95% CI, 0.07-0.97). Of note, no sample s
determination was made, and methodology for rando
zation was not provided. The Work Group had discuss
about these studies and shared concerns about m
statements based on the small numbers in these s
and, therefore, refrained from doing so.

Tables of studies, evidence quality, and risks of bia
provided inSupplement 3, Tables S168-S177.

Stent-Graft for In-Stent Restenosis. The next study
was discussed by the Work Group, but it did not m
entry criteria for retrieval and review by ERT due to
publication date. A multicenter RCT (N= 275) by Falk
et al427 evaluated the efÞcacy of stent-graft versus a
plasty alone for the treatment of in-stent re-stenotic les
in the venous outßow of the AV access circuit of AVG
AVFs.427 Primary endpoints were ACPP at 6 months
safety through 30 days; secondary endpoints were e
ated through 24 months. ACPP at 6 months was si
cantly higher in the stent-graft group (18.6%) versus
angioplasty group (4.5%;P< 0.001), and freedom from
safety events (30 days) was comparable (stent
96.9%; angioplasty, 96.4%;P= 0.003 for noninferiority).
TAPP was superior for the stent-graft group (66.
versus the angioplasty group (12.3%) at 6 monthsP <
0.001). ACPP and TAPP for the stent-graft group de
strated similar outcomes in central and peripheral
subgroups (P< 0.001). Of note, overall or secondary a
cess patency was not assessed.

Thrombolysis —Endovascular and Surgical
Despite efforts at prevention of thrombosis, either
pharmacologic prophylaxis or angioplasty of stenosis
cess thrombosis frequently occurs. Percutaneous th
bectomy remains an essential endovascular proce
with a variety of approaches to this procedure. The me
chosen depends on operator experience, availabl
sources, and patient factors. Although immediate su
to provide at least 1 effective dialysis session afte
procedure can be achieved in 80% to 95% of thromb
AVGs and AVFs,428 long-term patency after thrombectom
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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remains elusive, with reported rates of 25% to 50%
months and 10% to 20% at 1 year.429 For AVGs, a meta
analysis of 8 RCTs compared surgical thrombectom
endovascular therapy for thrombosed AVGs and f
outcomes to be comparable.430 With regard to AVFs, onl
observational studies on the treatment of thrombosed
were identiÞed that also showed similar primary outco
of surgical and endovascular interventions.431

Surgery
Open surgical repair is generally reserved for recu
lesions, those not amenable to endovascular treatmen
those for which the outcomes associated with the e
vascular approach are poor.432,433 There are a variety o
open surgical techniques for these peripheral venou
sions, including interposition grafting and patch ang
plasty, with the choice typically dictated by the exten
the lesion. Notably, Romann et al434 reported that failure
of balloon angioplasty for AVF stenoses was corre
with the length of the lesion, with those>2 cm having a
higher failure rate, suggesting that these may be b
treated with an open approach. Brachiocephalic AVF
brachiobasilic AVFs frequently fail due to developme
stenoses at the cephalic arch and Òswing seg
(proximal hinge for the mobilized basilic vein). Both
these lesions are amenable to endovascular treatme
the surgical alternative may be more durable and rem
an option for recurrent lesions after failed endovas
treatments. Two series have reported favorable su
results for the cephalic arch stenoses,435,436 although a
systematic review failed to identify a superior appro
among the open and endovascular options.437

Special Discussions

� Should stents and their variations be used, it is im
tant to avoid placing them at AV access cannul
segments to preserve AV access functionality and

� Overall, there were very few studies that evalu
therapies to prevent AVF and AVG dysfunction that
of high-quality evidence.

� See commentary in Detailed JustiÞcation sectio
Work Group discussion of stent-graft use.

Implementation Considerations

� Close follow-up and documentation of the effects
stent-graft use on short- and long-term outcomes
the currently affected and future AV accesses

Monitoring and Evaluation

� Because a number of these therapies have bee
formed in smaller and often nonrandomized stud
adverse events need to be closely monitored
evaluated.
S97
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Guideline 15. AV Access Flow Dysfunction—Con� rmation and Treatment
Future Research

� Study the patient and AV access outcomes and imp
(1) ultrasound-guided angioplasty and (2) intravasc
ultrasound-guided angioplasty, to limit contrast ex
sure in CKD/ESKD patients with residual kidney f
tion and urine output

� Stent-grafts versus bare-metal stents for treatme
central vein stenosis requires more RCT evaluation
larger numbers, rigorous conduct, and analysis.

� More RCT evaluation of stent-grafts for vascular a
management (primary or secondary) with clinical-ba
(rather than angiogram) outcomes are urgently requ

� Study is needed in AVFs for multiple modalities
treatment (eg, stent-grafts, drug-eluting balloons, e

� Comparative methods of AV access thrombolysis
surgical vs endovascular) with a variety of short-
longer-term AVF and AVG outcomes

� Increasing evidence in the following areas:
� The use of specialized balloons (drug-coated or

ting) versus standard high-pressure balloons in
primary treatment of AVF and AVG stenosis

� The optimal duration of balloon inßation time duri
angioplasty to improve intervention primary pate
in the treatment of AVF or AVG stenosis

� The secondary use of drug-coated balloons
successful angioplasty with high-pressure ball
for treatment of stenosis in AVF and AVG

� Impact of timing of recurrence of stenosis on choic
treatment modality

� Use of stent grafts in locations other than graft-
anastomosis or cephalic arch in brachiocephalic A

� Optimal treatment of in-stent stenosis that occur
stent-grafts

� Study outcomes with surgically corrected occluded
accesses that are followed by a completion angiog
imaging± further corrective procedure. How does t
strategy compare with historical surgical correc
without completion imaging or with endovascu
management?

� The optimal timing of angioplasty/thrombolysis
thrombectomy in thrombosed AVF and AVG

� Studies to determine the best measurement that d
a successful procedure outcome: for example, sho
be a percent relative improvement in lumen size o
absolute lumen diameter or other measurement? W
should it be measured after the treatment (eg, P
(during the procedure or after?)
n
h
n
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Statements: Treatment of Thrombosed AV Access

15.13 KDOQI considers it reasonable that manageme
of each episode of AV access thrombosis is at t
operatorÕs/clinicianÕs best judgement a
discretion, and involves the consideration of the
patientÕs dialysis access Succession Plan th
consistent with the ESKD Life-Plan, given th
S98
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compromised AV access patency after eith
endovascular or surgical treatment.(Expert Opinio

Note: Operators/clinicianÕs discretion carefully c
patientÕs individual circumstances and the operat
clinical experience and expertise (ie, reasonable cap
tions). The Succession Plan is a critical component o
Monitoring and Evaluation discussion inGuideline 1).

15.14 KDOQI considers it reasonable to surgically treat
failing AV access in the following circumstances
(1) endovascular treatment failures, (2) clinically
signiÞcant lesions not amenable to endovascul
treatment, and (3) situations in which the surgical
outcomes are deemed markedly better.(Expert
Opinion)

Note: Situations when surgical outcomes are antic
than alternative optionsshould be Þrst discussed and agreed u
managing the patientÕs vascular access, including
the patient and one or more of the following: nep
ventionalist, surgeon, vascular access coordinator, an
if possible.

Rationale/Background
Fully occlusive thrombosis represents the terminal event f
the failing AV access and accounts for 65% to 85% of a
access abandonments.438 Although the contributory cause
the terminal thrombotic event is usually obvious (eg, low ß
related to venous outßow stenosis in AVG), patients ca
sent with de novo thrombosiswithout any clear failure
mechanism.439 The clinical priorities include providin
necessary effective dialysis,clearing the intralumina
thrombus, and deÞnitively treating the underlying cause o
failure.

The diagnosis of a thrombosed AV access is
obvious on physical examination but can be conÞr
with duplex ultrasound. Patients with an emergent n
for dialysis (eg, volume overload, hyperkalemia) shoul
dialyzed through a temporary nontunneled CVC prio
deÞnitive treatment of their AV access thrombosis.

Detailed Justi � cation
Both endovascular and open surgical approache
treating thrombosed AVGs are acceptable, with the c
determined by the local practice and expertise, under
condition, and patient preference. Although earlier rep
suggested superior outcomes with the surgical appr
more recent reports have suggested that both appro
for AVGs are comparable, likely reßecting the ov
evolution in the endovascular therapies.431,440,441

Furthermore, there are a number of different endo
cular approaches, although none has proven superi438

Importantly, open surgical and endovascular approa
should not be viewed as competing but rather com
mentary, because there are a variety of hybrid appro
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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Guideline 15. AV Access Flow Dysfunction—Con� rmation and Treatment
that involve both (eg, open surgical thrombectomy w
combined balloon angioplasty of central vein ste
sis).442,443 There has been a gradual evolution in
approach to thrombosed AVFs with the earlier versio
the 2006 KDOQI guideline recommending abandon
the AVF to more recent attempts at AVF thrombectom
AV access salvage.395,444 A meta-analysis by Kuhan et al441

emphasized the lack of long-term data with little qua
evidence to guide the management of thrombosed A
The contraindications to AV access thrombectomy in
pulmonary hypertension and right-left intracardiac sh
due to the potential risk of embolization and AV ac
infection.

Regardless of the approach, thrombectomy shou
performed in a timely fashion relative to the eve
particularly for AVFs, given the pathophysiology of
thrombotic process and the underlying inßamma
response. Although it is possible to remove AVG throm
up to 30 days, early thrombectomy has been assoc
with better long-term results.445 Sadaghianloo et al446

reported that thrombectomy within<6 hours was assoc
ated with a better technical outcome and impro
midterm results. Practically, early thrombectomy h
minimize and/or eliminate the need for dialysis with
CVC. However, patients may still require a CVC for dia
to manage volume overload or electrolyte abnorma
prior to AV access thrombectomy.

Although the reported technical success rates fo
access thrombectomy, both endovascular and sur
have been good, the longer-term patency rates have
poor, underscoring the critical importance of conside
the next AV access option (ie, AV access succession
even before each thrombotic event.438,447,448 Simoni
et al449 reported from a large device registry that
technical success rate of the AngioJet (Boston Scie
Marlborough, MA) percutaneous thrombectomy de
was 92%, although the patency rate for AVGs and
was 53% and 86%, respectively, at 3 months. Simi
Quencer and Friedman438 reviewed that the patency ra
after thrombectomy ranged from 25% to 50% at 6 mon
and 10% to 20% at 12 months for both AVGs and A
Accordingly, repeated thrombectomy of the same AV
cess is likely not justiÞed.

DeÞnitive treatment requires identifying and correc
the underlying cause of the AV access thromb
Completion imaging should be done after either en
vascular or surgical thrombectomy to conÞrm that
culprit lesion is corrected.

AV accesses thrombosis within the early postope
period (<30 days) is often due to technical issues
anastomotic stenosis) or the choice of an inadequa
tery/vein combination (eg,diminutive vein) for an AVF
AV access thrombectomy and/or revision is/are pos
if there is an identiÞed technical defect, although de
itive treatment usually requires constructing a new A
access. Chemical thrombolysis is a rela
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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o-
contraindication in the early postoperative period du
the associated bleeding risk.
of
ng
and

ity
Fs.

ude
nts
ess

be
t,

he
ry
bus
ated

ed
lps
a
ysis
ties

Implementation Considerations
All of the HD vascular access types and conÞgur
have a limited life expectancy and, accordingly, will
timately fail or start to fail (ie, failing access). It
incumbent on the various health care providers who
for dialysis patients to recognize these dysfunctiona
cesses and be familiar with the various failure modes
access complications). Rosenberg et al450 reported that it
is possible to teach nonmedical professionals the req
physical examination skills to recognize failing AV ac
in a short duration of time. Furthermore, it is importa
to engage the patients themselves and challenge th
assume responsibility for the care and maintenanc
their vascular access. The ultimate goal is to ma
safe, effective dialysis with the fewest number of
terventions in a patient-centric, cost-effective man
Any intervention should consider the impact on cur
and future accesses; for example, viable/useful can
tion segments should be avoided when using stent g
It is the hope that early recognition and deÞnitive tr
ment of the failing and thrombosed vascular access
result in improved vascular access functional surviv
AV
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Monitoring and Evaluation
The identiÞcation of failing and thrombosed AV ac
should be part of the routine monitoring protoc
(Guideline Statement 11.1andGuideline 13). It is important
for the various health care providers to be cognizant o
various failure modes such that they can initiate the a
priate referral and/or remedial treatment, as part of
vascular access contingency plan. At that time, conside
and planning for the next dialysis access or kidney rep
ment modality (as appropriate) should begin in accord
with the individual patientÕs ESKD Life-Plan strategy.

Future Research

� DeÞne and validate the optimal monitoring strate
for the dysfunctional AV access

� DeÞne and validate the thresholds for intervention
the dysfunctional AV access

� DeÞne the optimal open and endovascular treatme
for the dysfunctional and thrombosed AV access

� DeÞne outcome metrics for the dysfunctional
thrombosed AV access

� Determine outcomes with surgically corrected occlu
AV accesses that are followed by a completion a
gram/imaging± further corrective procedure(s). Ho
does this strategy compare with historical surg
correction without completion imaging or with end
vascular management?
S99
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Guideline 16. AV Access Infection
Guideline 16. AV Access Infection
Please refer toBox 1to understand the evidence basis
the Guideline Statements.

Note: When a statement indicates that ÒThere is i
for KDOQI to make a recommendation,Ó the Work G
any recommendation, suggestion, or other evidence
either direction) based on the very low, low, or inad
evidence amassed by the ERT.

Statements: AV Access Infections

Monitoring and Prevention

16.1 KDOQI considers it reasonable to educate th
patient on washing the access arm using ant
septic to clean the skin prior to every cannula-
tion. (Expert Opinion)

16.2 KDOQI considers it reasonable to check th
vascular access and surrounding area prior
every cannulation for signs and symptoms o
infection. (Expert Opinion)

Note: This check should be done by patient and ca
does not self-cannulate).

See special considerations fromGuideline Statemen
11.2, 11.3, and11.7 that are relevant to this section.

Diagnosis

16.3 KDOQI considers it reasonable to use radiolog
imaging to help conÞrm the diagnosis of AV ac
cess infection; however, physical examinatio
remains the hallmark for assessing for infection
(Expert Opinion)

Note: Radiologic imaging includes duplex ultraso± CT scan
PET, and nuclear medicine scans (eg, indium s

Note: Signs of infection include erythema, skin bre
discharge, and presence of exposed graft.

16.4 KDOQI considers it reasonable to investigate an
closely monitor for metastatic complications (eg,
endocarditis, spinal abscesses, septic arthritis)
patients with buttonhole infection from particu-
larly dangerous organisms such asS aureus, Gram-
negative bacteria, and fungal organisms.(Expert
Opinion)

Note: Investigations include 2D echocardiography
rate, and other, as appropriate.

Treatment

16.5 KDOQI considers it reasonable to obtain culture
and sensitivities of the blood and any availabl
infected AV access vessel/material, surroundin
tissue, or drainage prior to initiating antibiotic
therapy. (Expert Opinion)
 n

S100
or

adequate evidence
oup cannot make
based guidance (in
quate quality of

nulator (if patient

nd,
an).
kdown, purulent

MRI, joint aspi-

16.6 KDOQI considers it reasonable for infected
AV access the rapid initiation of empiric
broad-spectrum antibiotics and timely
referral to a surgeon knowledgeable in the
management of vascular access complication
(Expert Opinion)

16.7 KDOQI considers it reasonable to have stric
follow-up of culture results with the appropriate
change in antibiotics based on organism sens
tivities, with antibiotic duration according to
extent of vascular access infection and surgic
intervention. (Expert Opinion)

16.8 KDOQI considers it reasonable that the speciÞ
surgical treatment for AV access infection
(with concurrent antibiotics) should be based
on the patientÕs individual circumstances
considering the extent of infection, offending
organism, and future vascular access option
(Expert Opinion)

Rationale/Background
Both AVFs and AVGs (collectively referred to aAV
access) can become infected. The underlying mec
nisms are somewhat different, but the managem
principles including systemic antibiotics and sou
control are similar and grounded on standard princ
ples of managing infectedvascular prostheses. T
incidence of AV access infections is relatively
particularly for AVFs. However, the spectrum of po
tential sequelae of AV access infections are broa
range from mild limited cellulitis to extensive gr
involvement mandating total explant; the syste
consequences can range from localized pain and
to overwhelming sepsis and death. Treatment requires
early recognition and management to prevent sequ
The deÞnitive treatment of AV access infections sh
be chosen within the context of the patientÕs E
Life-Plan dialysis access needs, with consideratio
preserving/maintaining future vascular access opt
Prevention and monitoring for ongoing or recurre
infection are critical. The current recommendations
consistent with the recommendations from the pre
ous KDOQI Guidelines.

Detailed Justi � cation
AVF and AVG infections are a major clinical problem,
leading to hospitalization and increased mo
ity.396,451,452 AVG infections have been reported to oc
in up to 1.6% to 35% of patients, with an overall incide
of positive blood cultures of 0.31/1,000 days.453,454 The
incidence of AVF infections is typically, but not alw
lower,455 and this may be modiÞed by different cannu
tion techniques, with buttonhole cannulation putting A
at greater risk of infection.303,312,456 AVGs that have bee
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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Guideline 16. AV Access Infection
abandoned in the past are also sources for infection.
have a median infectious complication rate of 0.11/1,
days457 and positive blood culture rate of 0.08/1,00
days.458

The underlying mechanisms responsible for the de
opment of AV access infections are likely multifactoria
include both patient and system-related is
(Supplement 4). Skin organismsS aureusand Staphyloco
epidermidisaccount for 70% to 90% of AV access
fections459-461 in the upper extremity, with a highe
incidence of Gram-negative organisms in lower-extre
AV accesses.462 AV access infection may be polymicrob
with a variety of causative organisms, includ
fungi.264,460,463-466Attaining blood and relevant AV acc
cultures (wound, soft tissue, tunnel, or drainage)befor
initiating antibiotics is critical.

Patients with AV access infections require tim
detection, diagnosis, and treatment to prevent poor
comes. Presenting signs and symptoms range from
cellulitis around the cannulation site to bacteremia
overwhelming sepsis.

The physical examination and routine laboratory stu
are usually sufÞcient to establish the diagnosis. How
additional imaging can help corroborate the diagnosis
deÞne the extent of AV access involvement. In parti
Duplex ultrasound can be used to conÞrm patency, i
rogate the integrity of the AV access wall, conÞrm
presence of any aneurysms/pseudoaneurysms, docu
the presence of ßuid around the vein/nonautogenous
cess, and help determine the extent of the infection264,467

Ultrasound cannot differentiate the type of ßuid aro
the AV access (ie, hematoma vs seroma vs abscess)
requires clinical corroboration. Other imaging studies
be used, including CT, PET, indium scans, and techn
scans, although they are rarely necessary and not a
versally available.264,454,467,468 PET and nuclear medici
scans may help exclude an occult infection in a thr
bosed, nonfunctional AVG.

General Treatment
Blood cultures should always be obtained when an
access infection is suspected. Cultures of the infected
soft tissue, AV access site, or tunnel (eg, obvious absc
purulent drainage) may help conÞrm causative orga
and infection source. Cultures should also be obtain
the time of any surgical intervention or AV access exc
Antibiotic therapy should be altered accordingly to cul
sensitivity results. Most antibiotic regimens can
administered with dialysis, avoiding longer-term intra
nous AV access. Consultation with infectious diseas
perts to Þnd the most convenient and approp
antibiotic regimen per culture results may be help
PICCs should be avoided in CKD and ESKD patie
highlighted throughout the guidelines (Guideline 6).

Treatment of AV access infections includes imme
initiation of broad-spectrum antibiotics (afterattaining
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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relevant cultures) for both Gram-positive and Gr
negative organism coverage (eg, vancomycin, p
acillin/tazobactam) and control of the infectious nidus
source control). Ideally, the infected AV access shou
avoided for dialysis, although it is possible if the infec
is minimal. Otherwise, a CVC should be inserted and
until the AV access infection is resolved or if,
salvageable, until a new AV access can be establish

Speci � c Medical Management
Antibiotics alone may be adequate treatment for lim
localized AV access infections (eg, buttonhole
infection in AVF). However, the optimal treatment sho
be patient individualized, and requires a multidisciplin
team approach with early involvement of an experie
AV access surgeon (Supplement 4AV Access Infections
Notably, AVG infections can rarely be treated with a
biotics alone because once the prosthetic material bec
infected, it is almost impossible to clear the infection.

The optimal duration of antibiotic therapy depends
the patientÕs circumstances and extent of infection
example, extensive AV access infections involving the
and vein should likely undergo an extended cours
parenteral antibiotics similar to the treatment of pati
with endocarditis (eg,� 6 weeks); input from infectiou
diseases experts is suggested for guidance in complex

Speci � c Surgical Management
DeÞnitive surgical treatment of AV access infection req
careful individualized consideration of the extent of
infection, the offending organism, the type of AV acces
AVF vs AVG), the location of the infection (ie, anastom
vs nonanastomotic), the extent of the infection (ie, local
vs diffuse), the presence of systemic signs, the prese
bleeding, and, importantly, future dialysis access opt
Both AVF and AVG infections can lead to erosion of the
and life-threatening hemorrhage, underscoring the im
tance of a timely, deÞnitive surgical treatment as ne
Surgical treatment options can be broadly categoriz
strategies designed to salvage the AV access and
designed to excise the AV access (Supplement 4). AV acces
salvage options include those for in situ and extra-ana
reconstruction (with the reference being the anato
course of the infected AV access) for localized infec
where close follow-up and surveillance are manda
given the risk of recurrent infection and the potential
anastomotic disruption and signiÞcant bleeding. AV a
excision options include strategies for both complete
subtotal AV access excision and are considered for infe
involving the full length of the AVG (seeSupplement 4for
surgical details).

Key Surgical Management Points to Remember

� Salvage of the AV access may be possible if the inf
is localized; in an AVG infection, this may be poss
S101
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Guideline 17. AV Access Aneurysms
only if the adjacent segments are uninvolved and
incorporated.

� If the infected segment is limited, graft replacem
through an uninfected Þeld with excision of t
involved segment, may be possible.

� Extensive AV access infections, especially AVG, r
total graft excision with deÞnitive treatment of
arterial and venous anastomosis.
Note: Potential options include vein patch angiopla

and ligation, depending on extent of infection an

Preventative strategies should always be used
include avoiding or limiting CVCs, optimizing the use
AVFs where appropriate, avoiding the creation of lo
extremity AV accesses whenever possible, use of a
nous or nonautogenous biologic grafts in patients at
risk for infection, use of the appropriate prophyla
perioperative antibiotics, strict sterile technique at the
of AV access creation, appropriate cannulation techn
(Guideline 11), and mandatory routine AV access mo
toring with a low threshold for intervention with an
evidence of infection.

Buttonhole cannulation has been associated
signiÞcantly higher risks of infection compared w
rope-ladder cannulation technique and should
avoided whenever possible. Buttonhole infections
more likely to be Gram-positive and more virulent (eg
S aureus), often with serious metastatic consequen
such as endocarditis, septic arthritis, or spinal absc
Should metastatic complications be detected, r
treatment with consultation from infectious disea
experts is necessary to prevent serious or catast
outcomes.
g
s
m
iv

re
r
e

e
n

A
v
o
t

o
s

e

x
-
u-

ct

-
in
is

-
e

Special Discussions
Although this information refers to all AV accesses,
attention must be paid to lower-extremity AV accesse
their higher complication rate, including infectious co
plications (more likely to involve Gram-negat
organisms).58,462,469,470

Early post-AV access creation (<1 month) soft-tissue
infections are commonly associated with the inhe
surgical trauma from creation and/or any break in ste
technique. They can typically be treated with a cours
systemic antibiotics but require long-term monitoring.

Although the current recommendations build on thos
from the previous KDOQI Guidelines, the ERT did
identify relevant publications for the treatment of
access infections using their search criteria. The pre
Guidelines deÞned outcome measures for lifetime use
AVF (<1%) and AVG (<10%); however, the curren
Guideline has not deÞned similar measures due t
lack of appropriate evidence, especially those u
current measures (eg, rates/1,000 access days vs p
use).
S102
ell

nt
e

quire
e

ty, vein bypass.
circumstances.

and
of
er-
toge-
igh
tic
me
ues
i-

ith
th
be
are

es
sses.
pid
es
phic

reat
due
-
e

nt
ile
of

ot
V
ious
f

the
ing
rcent

Guideline 17. AV Access Aneurysms
Please refer toBox 1to understand the evidence basis
the Guideline Statements.

Note: When a statement indicates that ÒThere is i
for KDOQI to make a recommendation,Ó the Work G
any recommendation, suggestion, or other evidence
either direction) based on the very low, low, or inad
evidence amassed by the ERT.

Statements: AV Access Aneurysms

Recognition and Diagnosis

17.1 KDOQI considers it reasonable to check A
access for aneurysms/pseudoaneurysms at ea
dialysis session by knowledgeable care provide
including but not limited to dialysis technicians,
nurses, nephrologists, and vascular access co
dinator. (Expert Opinion)

17.2 KDOQI considers it is reasonable to proactivel
educate patients on emergency procedures f
aneurysm rupture and to obtain proactive surgi-
cal assessment when clinical Þndings suggest
AV access aneurysm/pseudoaneurysm to be
risk of complications. (Expert Opinion)

Note: An aneurysm/pseudoaneurysm that is cons
complications is one with evidence of associated
breakdown.

17.3 KDOQI considers it is reasonable to obtai
emergent surgical assessment and treatment
AV access aneurysm/pseudoaneurysm complic
tions such as erosion or hemorrhage.(Expert
Opinion)

17.4 KDOQI considers it reasonable to use duple
ultrasound to corroborate the physical examina
tion suggesting an AV access aneurysm/pse
doaneurysm and to obtain information on the
size, presence of stenosis/thrombus, and impa
on the AV access (including ßow rate [Qa] and
status of the arterial inßow and the venous
outßow). (Expert Opinion)

Management

17.5 KDOQI considers it reasonable that the pres
ence of an aneurysm/pseudoaneurysm alone
the absence of symptoms (ie, asymptomatic)
not an indication for deÞnitive treatment.
(Expert Opinion)

17.6 KDOQI considers it reasonable to avoid cannu
lating the access segment(s) that involve th
aneurysm/pseudoaneurysm if there are
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020



e

a
.

-

-

l
-

sm

e
-

r-
e
a
d

r
e

d

s
-
r-

n
u
t
n
s

e

s

cess
cess
likely
ry to
sed
can
orted
se-
f

tural
s are
e
d to
tion,
AV
/
or a
e-

of
gical
eu-
reat-

AV
f local
vered
ure
ec-
t

ious

the
se in
me
are

they
ein
pres-
ntra-
etic
true
all 3
sm is
efect
at is
sue

n the

Guideline 17. AV Access Aneurysms
alternative sites. In the rare scenario where ther
are absolutely no suitable alternative cannulation
sites, the sides (base) of the aneurysm/pseudo
neurysm should be cannulated (ie, avoid the top)
(Expert Opinion)

17.7 KDOQI considers it reasonable to obtain appro
priate imaging of the arterial inßow and venous
outßow to assess volume ßow or stenotic prob
lems that may need correction prior to or during
deÞnitive treatment of symptomatic aneurysm/
pseudoaneurysm.(Expert Opinion)

17.8 KDOQI considers it reasonable that surgica
management is the preferred treatment for pa
tients with symptomatic, large, or rapidly
expanding AV access aneurysm/pseudoaneury
(see ÒTreatment–DeÞnitiveÓ below). (Expert
Opinion)

17.9 KDOQI considers it reasonable that a deÞnitiv
surgical treatment is usually required for anas
tomotic aneurysms/pseudoaneurysms.(Expert
Opinion)

Treatment –De� nitive

17.10 KDOQI considers it reasonable that open su
gical treatment should be deemed the deÞnitiv
treatment for AV access aneurysms/pseudo
neurysms with the speciÞc approach determine
based on local expertise.(Expert Opinion)

Note: The approach may include a plan for staged
aneurysms to avoid bridging CVCs in the periop

17.11 KDOQI considers it reasonable to use covere
intraluminal stents (stent-grafts) as an alternative
to open surgical repair of AV access aneurysm
pseudoaneurysms only in the special circum
stances such as patient contraindication to su
gery or lack of surgical option, due to the
associated risk of infection in this scenario.(Expert
Opinion)

17.12 KDOQI considers it reasonable that, should a ste
graft be used to treat AV access aneurysms/pse
doaneurysm, cannulation over the stent-graf
segment be avoided when possible.(Expert Opinio

Note: The use of stent grafts to manage aneurysm
is not an FDA-approved indication.

Prevention

17.13 KDOQI considers it reasonable that appropriat
cannulation techniques should be implemented
to reduce the occurrence of AV acces
 rmal

AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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aneurysms/pseudoaneurysms (Guideline 11).
(Expert Opinion)

Rationale/Background
The hemodynamic changes resulting from AV ac
creation lead to vessel dilatation and AV ac
enlargement. These hemodynamic changes are
exacerbated by the repeated cannulations and inju
the vein or graft material and, along with increa
intraluminal pressures from any outßow stenosis,
cause pseudoaneurysms or aneurysms. The rep
incidence has ranged from 5% to 60% in clinical
ries.471,472 Al-Jaishi et al457 reported an incidence o
0.04 per 1,000 patient days. The incidence and na
history of AV access aneurysms/pseudoaneurysm
somewhat undeÞned, partly because of their imprecis
deÞnitions. Aneurysms/pseudoaneurysms can lea
skin erosion with hemorrhage, AV access dysfunc
pain, and cannulation difÞculties. All symptomatic
access aneurysms/pseudoaneurysms with skin erosion
ulceration and hemorrhage that represent a risk f
true life-threatening surgical emergency merit imm
diate assessment and appropriate treatment. The size
an AVF aneurysm alone is not an indication for sur
treatment, although cannulation through the an
rysmal segment should be avoided. The optimal t
ment approach is individualized to the patientÕs
access and ESKD Life-Plan, within the constraints o
expertise. An endovascular approach using a co
intraluminal stent may be a helpful temporizing meas
in urgent or emergent settings, although it is not r
ommended for more routineindications. The curren
recommendations are consistent with the prev
KDOQI Guidelines.

Detailed Justi � cation
After creation of an AVF, hemodynamic forces in both
artery and the vein are altered, leading to an increa
vessel diameter, blood ßow, and blood volu
throughout the circuit. These physiologic changes
integral to the maturation process of AVFs, although
can become problematic or pathologic if the outßow v
continues to dilate and becomes aneurysmal. The
ence of an outßow stenosis leading to increased i
luminal pressure,473 repeated cannulations, and gen
predisposition contributes to aneurysm formation. A
aneurysm is deÞned as a circumscribed dilation of
layers of the vessel wall, whereas a pseudoaneury
essentially an extraluminal Òblood ßow throughÓ d
(ie, hole) in the vessel or prosthetic AV access th
walled off or contained by the surrounding soft tis
(Fig 17.1). An aneurysm in thearterialcirculation is
deÞned as a vessel that is 1.5 times greater tha
normal, expected blood vessel diameter (eg, no
S103
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Type 1a: The vein is
dilated almost uniformly
from the arterial anasto-
mosis along most, if not all,
of its length. The appear-
ance resembles a hose
pipe.

Type 1b: The proximal part
of the vein is dilated. This is
almost entirely seen within
5 cm of the arterial
anastomosis.

Type 2a: There is at least
one localized dilatation of
the vein, but more often
two. This is the classic
camel hump. These
dilatations appear to
correlate with sites of
needling for dialysis. In
between these localized
aneurysms the vein returns
to normal caliber or is in
some cases, stenosed.

Type 2b: There is both a
post anastomotic aneurysm
and also localized
dilatations. This effectively
is a combination of Type 1b
and Type 2a.

Type 3: These represented
AVFAs which did not fit the
groups above and bore no
resemblance to each other.
There were no typical
features.

Type 4: These may appear
as true localized
aneurysms but on duplex
testing will be shown to be
false aneurysms. An
intraoperative specimen is
shown here.

Figure 17.1. Valentini Classi� cation according to shape of the AV aneurysm. Adapted from Valenti et al666 with permission of SAGE Publications,
Inc; original image© 2014 Valenti et al.

Guideline 17. AV Access Aneurysms
infrarenal aorta, 2 cm; aneurysmal aorta, 3 cm).
deÞnition of an aneurysmal AVF is somewhat confu
because a mature AVF is essentially an Òaneurysm
the strict deÞnitions for arterial aneurysms. Balaz
Bjorck471 have attempted to clarify this issue and h
deÞned an AVF aneurysm as an enlargement of all 3
layers with a diameter of>18 mm or roughly 3 times the
diameter of the outßow vein of a mature AVF. Howe
other classiÞcation systems exist.474 Aneurysms ca
develop anywhere along the course of the AV a
circuit, including the inßow artery,475 but they typically
occur in the outßow vein. Indeed, the distribution of
aneurysmal segments in the outßow vein has been u
part of a classiÞcation scheme.474

Pseudoaneurysms usually occur due to vessel wa
fects from repeated cannulations in the same location
are noted intraoperatively as having Swiss cheese a
ance. Although they develop in AVFs, they are m
common in AVGs. Given the strict deÞnition given,
aneurysms are unlikely to occur in the prosthetic seg
of an AVG because it requires a dilation of all 3 v
walls. Pseudoaneurysms can also develop at the
anastomosis in the AVF or AVG, although the respon
mechanisms are somewhat different and include tech
defects related to the procedure and infection.

The majority of AV access aneurysms/pseudoaneu
are typically asymptomatic, but they can be associated
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multiple complications and/or lead to AV acc
dysfunction. Most worrisome, the aneurysms/pseud
neurysms can lead to thinning and subsequent erosi
the overlying skin and life-threatening hemorrhage.
et al476 reported that the incidence of AV access–related
fatal hemorrhage (all etiologies, not just related to a
rysm/pseudoaneurysm) was 1 for every 1,000 pat
years and likely occurs every decade in a dialysis
Aneurysms/pseudoaneurysms often contain lamin
thrombus that compromise AV access function, the
limiting available cannulation sites.471 Aneurysms/pseu
doaneurysms can be associated with high-output co
tive heart failure and pain, and they become cosmet
unacceptable to patients.

The diagnosis of an AV access aneurysm/pseudoane
is made by physical examination and can be corrobo
with Duplex ultrasound. Ultrasound can also detect
access ßuid, intraluminal thrombus, and inßow/outß
stenoses and quantitate aneurysm/pseudoaneurysm di
and intra-access ßow rates. It is critical to determine
aneurysm/pseudoaneurysm is symptomatic and/or at ris
for ulceration and rupture. Therefore, it is important to hav
routine, objective measures of aneurysm/pseudoaneu
growth and development, and with greater frequenc
worrisome signs or symptoms develop (Table 17.1). Some
signs and symptoms, such as AV access ßow dysfu
thrombosis, unacceptable cosmetic appearance, pain
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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Table 17.1. Physical Examination Findings That Are Clinically Relevan
to Differentiate Between Aneurysm/Pseudoaneurysm That Do Not
Require Urgent Intervention and Those of Urgent Concern

Physical
Examination
Findings

Nonurgent: Monitor Closely
Aneurysm/Pseudoaneurysm

Urgent: Rapid Attention
Aneurysm/
Pseudoaneurysm

Size Not enlarging Enlarging

Overlying skin Can be pinched easily
(supple, mobile skin)

Thin, shiny, depigmented

Skin erosion None Ulcers, scabs

Arm elevation
sign

Collapses May not collapse

Bleeding
from
puncture
sites

Uncommon Often prolonged

Guideline 17. AV Access Aneurysms
difÞcult cannulation, are either obvious or are addre
elsewhere in the Guidelines.

All symptomatic AV access aneurysms/pseudoa
ysms should be evaluated and managed. Patients
threatened skin or ulceration overlying their aneurys
pseudoaneurysms should be treated urgently or e
gently to prevent signiÞcant hemorrhage. Patients
aneurysm/pseudoaneurysm-related AV access
dysfunction, thrombus, or limited cannulation si
require treatment to maintain AV access to pro
effective dialysis. Patients with high-output conges
heart failure merit treatment to potentially reverse
contribution from the AV access. Patients with p
and/or unacceptable cosmetic disÞgurement due to
aneurysm/pseudoaneurysm need an individual
treatment plan that considers the risks associated w
potential loss of their AV access. However, aneur
pseudoaneurysmsize alone is likely not an indicafor
treatment in the absence of symptoms or threate
skin.471,472 AV access aneurysms/pseudoaneurysm
not usually spontaneously rupture like aneurysms in
arterial circulation. However, rapidly enlarging AV
cess aneurysms/pseudoaneurysms merit closer fo
up and a lower threshold for intervention. Lar
asymptomatic AVG pseudoaneurysms may re
careful monitoring and active treatment because the
essentially fed by a large opening in the prosth
material that is walled off or contained by the s
rounding tissue. Lazarides et al477 have suggested th
12-mm AVG pseudoaneurysms be repaired becaus
exceed the typical 6-mm graft diameter 2-fold.
anastomotic aneurysms/pseudoaneurysms require
uation and active consideration for repair because
etiology and natural history are likely different than
those involving the outßow vein or length of the gr
Finally, all infected AV access aneurysms/pseudoa
ysms merit treatment (Guideline 16).
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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The treatment goals for patients with symptomatic
cess aneurysms/pseudoaneurysms should be to p
acute complications by managing the precipitating c
(eg, high inßow or a venous outßow stenosis) a
modifying the involved AV access segment(s), main
AV access function, prevent further complications,
avoid CVC use. Unfortunately, the quality of the avai
evidence to guide treatment is limited, and there are
RCTs. Open, surgical repair remains the standard of
and it is feasible to salvage the AV access in the majo
cases; patency rates after revision range from 52% to
at 1 year.471,472,477-479

The optimal approach and timing are dictated by
extent of the aneurysm/pseudoaneurysm (ie, focal ve
diffuse), the quality of the involved tissue, and the p
ence of any infection. Alternative treatments inc
aneurysmorrhaphy and interposition grafting with
choices among the latter including both autogenous
prosthetic conduits tunneled in situ or extra-anatomic
(ie, Wang and Wang479). In certain instances (eg,
involved segments), a staged approach may be us
allow continued access use and avoid a CVC. A var
creative aneurysmorrhaphy techniques have
described involving diameter reduction over a cath
mandril,480 endo staples,481 and reinforcement with a
external mesh wrap.482 Aneurysmorhaphy may not b
feasible if the vein wall comprising the involved segme
severely degenerated or calciÞed, and in situ interpo
grafting with prosthetic material is contraindicated in
infected Þeld. AV access ligation is an appropriate
native to AV access salvage in certain situations but u
requires excision of the aneurysm/pseudoaneurysm d
the potential to develop thrombophlebitis and the cosm
appearance of the thrombosed segment.472 A full assess
ment of the arterial inßow and venous outßow of the
access and correction of any contributory lesions is int
to the treatment algorithm given the high prevalenc
associated lesions.452,471 Any concurrent AV acce
dysfunction may be related to culprit high inßow
outßow stenosis rather than the associated aneur
pseudoaneurysm.

Intraluminal covered stents have been used to tre
access aneurysms/pseudoaneurysms.478,483,484 This
endovascular approach is minimally invasive and may
a signiÞcant role as atemporizing measurefor patients with
active bleeding or ulceration without compromising fut
deÞnitive treatment. The potential downsides to the u
an intraluminal stent include the potential size mism
between the inßow/outßow sections, potential insert
in an infected Þeld (eg, acute placement for ulcerat
bleeding), potential loss of cannulation zone (seconda
stent as well as surrounding nonresorbable chr
thrombus with propensity for infection), and lack
incorporation within the aneurysm/pseudoaneurys
Additionally, covered stents were not designed

t
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Figure 17.2. Creating a longer tract using the lateral approach.
Reproduced from Wilson & Shenoy667 with permission of SAGE
Publications, Ltd; image© 2014 Wichtig Publishing.

Guideline 17. AV Access Aneurysms
repeated cannulation, and they are not approved by th
Food and Drug Administration for AV access salvage
et al484 reported a complication rate of 29% with the u
of covered stents for salvaging AV access, includin
eurysms/pseudoaneurysms, with the speciÞc comp
tions including migration, fracture, erosion, and ruptu

The optimal treatment for the majority of asym
tomatic aneurysms/pseudoaneurysms is expe
management or no intervention. The involved segm
of the AV access should not be used for cannula
and the cannulation technique should be optimized
outlined elsewhere in the Guidelines (Guideline 11).
Indeed, optimal cannulation techniques are crit
through the life cycle of the AV access to help pre
aneurysm/pseudoaneurysmformation. In the rare
scenario that no alternative cannulation sites
available, the side of the aneurysms/pseudoaneu
(base) that has adequate healthy skin and subcuta
tissue should be used (Fig 17.2).485 It is important to
educate patients with aneurysms that are at ris
bleeding regarding speciÞc emergency measures su
as occluding the inßow of the access and elevatio
the limb above the level of the heart to cont
bleeding and calling for help (911), should an an
rysm rupture.486 There are no published recomme
dations for surveillance or serial imaging, although
AV access should be monitored by physical examina
tion at each dialysis session per routine as detail
the following sections.

The deÞnitivetreatment for anastomotic aneurysm
pseudoaneurysms is dictated by their etiology. An
motic disruption in the early postoperative period due
technical reason (eg, suture fracture, inadequate s
bite) should be treated by revision of the anastomosi

Those related to infection, typically AVGs, req
removal of all infected material and then arterial repa
revascularization as outlined elsewhere in the Guide
(Guideline 16).
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Special Discussions
Skin erosion or active hemorrhage from an AV ac
aneurysm/pseudoaneurysm is a surgical emergency
requires early recognition and deÞnitive treatment.
bleeding can usually be controlled by direct pressur
the site or often by occluding the AV access inßow a
anastomosis and temporized by a suture incorporatin
surrounding soft tissue. Compression of the AV a
outßow (ie, distal to the bleeding site) should be avoi
because it increases the intraluminal access pressu
potentially increases the bleeding. Patients should be
directly to the operating room for deÞnitive repair with
delay, even if the temporary measures are success
controlling the hemorrhage.

AV access aneurysms/pseudoaneurysms can con
to AV access thrombosis and their presence can com
AV access thrombectomy. The treatment strategie
thrombosed AV accesses with aneurysms/pseudoane
should consider the management of chronic intralum
thrombus and management of the precipitating cause
outcomes, particularly for thrombosed AVFs, are l
inferior to those that do not involve aneurysms/pseud
neurysms. Cull et al444 have described a useful techniq
that includes an incision over the arterial anastomos
remove the arterial plug and then complete throm
removal by manually ÒmilkingÓ the thrombus out of
lumen.

The preceding discussion is relevant for aneurys
pseudoaneurysms that involve both AVFs and A
However, it is worth re-emphasizing that aneurys
occur only in AVFs and that pseudoaneurysms are
marily a problem of AVGs that results from degenera
of the graft due to repeated cannulation in the s
location. Accordingly, the treatment decisions nee
factor in the natural history of the AV access type (ie,
vs AVG), the etiology of the underlying problem, and
overall ESKD Life-Plan. The treatment of AVG pse
neurysms typically requires an interposition prosth
graft tunneled in situ or extra-anatomically with
choice partially dictated by the presence of any infec
aneurysmorrhaphy is not an appropriate treatm
option.477

Implementation Considerations
The optimal treatment for patients with AV access a
rysms/pseudoaneurysms, particularly for patients
skin ulceration or bleeding, requires early recognition
deÞnitive treatment. It is incumbent on all personnel
care for HD patients to recognize the ominous symp
associated with AV access aneurysms/pseudoaneu
and initiate the appropriate treatment algorithm. Inde
AV access ulceration and hemorrhage should be view
a failure of care given the typical thrice-weekly dia
sessions. Care should be provided within the contex
multidisciplinary team involving dialysis technicia
dialysis nurses, nephrologists, interventionalists,
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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Table 18.1. Strategies to Reduce the Incidence of AV Access Steal

Assessment of arterial in� ow imaging with correction of in� ow stenoses
Correct in� ow stenosis or use contralateral extremity
Avoid distal brachial artery–based procedures
Avoid large conduits

Abbreviation: AV, arteriovenous.

Guideline 18. AV Access Steal
surgeons involved with vascular access, given
complexity of the treatment algorithm.

Monitoring and Evaluation

Assessment, Identi � cation, and Documentation
All dialysis providers should be able to assess, reco
and diagnose aneurysm/pseudoaneurysm formation
AV access. The size of the aneurysm/pseudoane
should be measured at minimum in 2 dimensions, p
erably with ultrasound imaging (as described) and do
mented in the medical records at least every quarter
with the overlying skin changes. This frequency
established by consensus of the Work Group given
there are no published recommendations for surveillan
serial imaging, although the AV access should be exa
at each dialysis session per routine (as described).
monitoring of an enlarging aneurysm/pseudoaneurysm
those that show signs or symptoms of concern (Table 17.1)
with low threshold for surgical intervention (as describ
should be the guiding principle.

Patients should also be instructed on the approp
assessment and monitoring of their AV access and pro
instructions for emergency care and appropriate con
for deÞnitive treatment.

Future Research

� Validate the deÞnition and classiÞcation scheme
access aneurysms/pseudoaneurysms.

� DeÞne natural history of AV ccess aneurys
pseudoaneurysms.

� DeÞne the optimal treatment strategy for access
rysms/pseudoaneurysms.

Guideline 18. AV Access Steal
Please refer toBox 1to understand the evidence basis
the Guideline Statements.

Note: When a statement indicates that ÒThere is i
for KDOQI to make a recommendation,Ó the Work G
any recommendation, suggestion, or other evidence
either direction) based on the very low, low, or inad
evidence amassed by the ERT.

Statements: AV Access Steal

18.1 KDOQI considers it reasonable that strategies
both prevent and treat AV access steal should
developed and implemented before AV acce
creation, to reduce the risk of AV access steal a
related morbidity, respectively.(Expert Opinion)

18.2 KDOQI considers it reasonable that post AV a
cess creation, patients should be monitore
closely for signs and symptoms associated wi
AV access steal and managed appropriately w
consideration of individual circumstances a
follows: (Expert Opinion)
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
� Mild to moderate signs and symptoms requir
close monitoring for progression of ischemia
and worsening of signs and symptoms.

� Moderate to severe signs and symptoms oft
require urgent treatment to correct the he-
modynamic changes and prevent any longe
term disability.
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18.3 KDOQI considers it reasonable that patients wit
signs and symptoms consistent with AV acce
steal should be referred urgently to a surgeon
interventionist familiar with the diagnosis and
options for the deÞnitive treatment of AV acces
complications, particularly AV access steal.(Exper
Opinion)

18.4 KDOQI considers it reasonable that the optima
treatment of AV access steal should be dete
mined based on the patientÕs clinical presen
tion, local expertise, and resources.(Exper
Opinion)
iate
ided
acts

for

s/

neu-

or

adequate evidence
oup cannot make
based guidance (in
quate quality of

e
s
d

Rationale/Background
The construction of an AV access can compromis
perfusion of the extremity distal to the anastomo
resulting in symptoms consistent with acute or chro
ischemia, commonly referred to assteal syndrome. This oc-
curs most commonly after brachial artery–based AV ac
cesses, although it can occur after radial artery–based or
lower-extremity accesses. It may occur shortly afte
access creation or several years later, with an incre
intra-access ßow or with development of arterial disea
the inßow and outßow vessels. It is important to cons
strategies to reduce the incidence of steal synd
(Table 18.1).

The clinical symptoms of steal syndrome can ra
from mild numbness to severe motor compromise,
from skin ulceration to gangrene that necessitates m
amputation. Several preoperative clinical predictors
identify patients at high risk of steal syndro
(Table 18.2) who may beneÞt from mitigation strategi
It is important to be familiar with clinical signs a
symptoms (Table 18.3) because the diagnosis is large
clinical one, although Þndings can be corroborated
noninvasive testing to conÞrm the hemodynamic cha
The natural history of steal syndrome is poorly deÞ
but moderate to severe symptoms rarely resolve wit
deÞnitive treatment. Treatment options (Table 18.4),
S107
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Table 18.4. Treatment Options for AV Access Steal

Ligation (if symptoms are severe, limb loss at risk, or no other option
available)
Correction of arterial in� ow stenosis
Flow limiting or banding
Proximalization of the arterial in� ow
Revision using distal in� ow
Distal revascularization and interval ligation

Abbreviation: AV, arteriovenous.

Table 18.2. Clinical Predictors of AV Access Steal

Advanced age
Female sex
Diabetes mellitus
Peripheral vascular disease
Large out� ow conduits
Multiple prior permanent access procedures
Distal brachial artery–based procedures (ie, near antecubital fossa)
Prior episode of AV access steal

Abbreviation: AV, arteriovenous.

Guideline 18. AV Access Steal
aimed to correct the hemodynamic changes and poten
reverse the symptoms, should be viewed as comple
tary with the optimal choice based on the clinical scen
Timely recognition and remediation are crucial to av
long-term complications with the ideal goal being
reverse symptoms and salvage the AV access. The
tance of early recognition of AV access steal and
referral to an appropriate surgeon (ie, knowledgeab
the management of AV access steal) were part o
previous KDOQI Guidelines.13

Special Discussions
As mentioned above, AV access steal occurs less fre
after radial artery–based AV accesses than after brac
based procedures.488,489 Given the dual blood supply
the hand through the radial and ulnar arteries, the resu
hemodynamic changes may differ. Notably, the AVF
serve as a pressure sink that can ÒstealÓ blood fr
hand or, more speciÞcally, retrograde ßow through
AVF from ulnar artery and palmar arch can compro
digital perfusion. The available treatment options
dictated by the underlying causes of the hemodyn
changes but include correction of any inßow lesions,
reduction, ligation (or embolization) of the distal rad
artery to prevent retrograde perfusion, and AV ac
ligation.488-491

The creation of an AV access can result in s
sensorimotor dysfunction distal to the AV access in
setting of only mild to moderate ischemia, termedischem
monomelic neuropathy.492-494Although this is likely within the
spectrum of AV access steal, it is a distinct entity tha
been attributed to the development of severe isch
neuropathy despite adequate skin and muscle perfu
Table 18.3. Signs and Symptoms of Steal

Grade Severity Clinical Presentation Treatment

0 None None None

1 Mild Cool extremity with few symptoms None

2 Moderate Intermittent symptoms during
dialysis, claudication

Intervention
sometimes

3 Severe Ischemic rest pain, tissue loss Intervention
mandatory

Note: Based on the Society for Vascular Surgery Reporting Standards
for AV access steal.487
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The published experience is somewhat limited, altho
the condition appears to be increased among patients
diabetes, peripheral vascular disease, and preexistin
ripheral neuropathy. Optimal management includes
mediate recognition and treatment, typically with
access ligation and observation, although the sensori
symptoms may not be reversible in any approach.495
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Implementation Considerations
The development of AV access steal symptoms is one
most worrisome complications associated with AV a
creation, given its potential to compromise hand func
and potential for digital ischemia. Accordingly, provid
constructing AV access should be familiar with and as
complete responsibility of every phase of its managem
including preoperative predictors, diagnosis, strategi
reduce its incidence, and deÞnitive treatment.
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Monitoring and Evaluation
Given the potential for AV access steal to compromise
function, all health care providers managing AV ac
should be familiar with its clinical presentation a
appropriate initial management, including timely refe
to a surgeon familiar with the various remedial treatme
Patients should be assessed for the signs and sympt
AV access steal as part of routine AV access monitori
counseled about the symptoms of steal and the ne
share them with their health care providers.
ccess

e the

rate

r AV

r AV
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has
mic
ion.

Future Research

� Further deÞne the pathophysiologic changes that le
the development of steal.

� Further deÞne and establish the predictors for AV a
steal.

� Further deÞne and establish strategies to reduc
incidence of AV access steal.

� Further deÞne the natural history of mild to mode
symptoms related to AV access steal.

� Further deÞne and validate the diagnostic criteria fo
access steal.

� Further deÞne the optimal remedial treatments fo
access steal.

� Further deÞne ischemic monomelic neuropathy
distinct entity from AV access steal.
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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Guideline 19. Other AV Access Complications
Guideline 19. Other AV Access Complications
Please refer toBox 1to understand the evidence basis
the Guideline Statements.

Note: When a statement indicates that ÒThere is i
for KDOQI to make a recommendation,Ó the Work G
any recommendation, suggestion, or other evidence
either direction) based on the very low, low, or inad
evidence amassed by the ERT.

Statement: Management of AVG Seroma

19.1 KDOQI considers it reasonable to carefull
monitor for complications of AVG seroma and
manage based on the patientÕs individual c
cumstances and the clinicianÕs best judgment a
discretion. (Expert Opinion)

Note: OperatorÕs/clinicianÕs discretion carefully c
patientÕs individual circumstances and the ope
own clinical experience and expertise (ie, reaso
and limitations).

Detailed Justi � cation
Fluid collections or seromas can develop around p
thetic AVGs in the early postoperative period, freque
near the anastomoses.496 They may resemble an ane
rysms/pseudoaneurysms (Fig 19.1). The seromas ar
likely due to the transudation of ßuid through the g
material itself or disruption of the surrounding lympha
channels. Daria et al497 reported the incidence to be 1.7
among 535 AVGs, with higher incidence among th
with upper arm (vs forearm) AVGs. The presence
Figure 19.1. Seroma.

AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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seroma/ßuid around the AVG can be conÞrmed with
ultrasound. The majority of these early seromas are
limited and tend to resolve without any conseque
however, they can serve as a nidus for infection g
the protein-rich nature of the ßuid. Seromas that pe
or develop after the early postoperative period
necessitate AVG removal and replacement, prefe
with a different material tunneled through a differ
anatomic course. Fortunately, the majority of the A
can be salvaged, and the longer-term results
reasonable.497

Statement: Management of High-Flow AV Access

19.2 KDOQI considers it reasonable to closely monito
and prophylactically manage AV access with hig
ßows to avoid serious or irreversible complica-
tions (eg, high output cardiac failure), based on
the patientÕs individual circumstances and th
clinicianÕs best judgment and discretion.(Expert
Opinion)

Note: OperatorÕs/clinicianÕs discretion carefully c
patientÕs individual circumstances and the ope
own clinical experience and expertise (ie, reaso
and limitations).

Note: Close monitoring refers to physical exam and
dialysis rounds and determination of Qa/CO eve
or more frequently as needed.
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ofDetailed Justi � cation

High-Flow AV Access
Increased ßow rates through an AV access can lea
host of problems, including high-output congestive h
failure, pulmonary hypertension, central venous sten
venous hypertension, aneurysmal degeneration of
AVF, and AV access-related hand ischemia. The
threshold to deÞne high-ßow access has not been
ously validated or universally accepted, although an
access ßow rate (Qa) of 1 to 1.5 L/min or Qa of>20% of
the cardiac output (Qa/CO) has been suggested.498 AV
access can exacerbate underlying symptoms of cong
heart failure (eg, shortness of breath and fatigue) and
lead to high-output failure, similar to traumatic AVF499

Basile et al500 reported that Qa values of>2.0 L/min
were associated with the occurrence of high-output
diac failure, with a sensitivity of 89% and speciÞcit
100%, whereas a Qa/CO of� 20% had a sensitivity o
100% and a speciÞcity of 75%. Not surprisingly, sy
toms of congestive heart failure may develop at lo
thresholds in patients with underlying heart disease.
frequency of determination of Qa/CO is not establish
the Work Group believed a 2-dimensional echocar
gram every 6 to 12 months to help evaluate for car
S109
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Guideline 20. Treatment and Prevention of CVC Complications
decompensation and changes in Qa/CO, depending o
patientÕs circumstances and local resources, was
able. AV access ßow rates can be reduced by using
riety of ßow-reducing therapies or banding (Guideline
18).501-504 Predictably, occlusion of the high-ßow A
access results in a decrease in the cardiac outpu
improved oxygen delivery.505
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Guideline 20. Treatment and Prevention of CVC
Complications
Please refer toBox 1to understand the evidence basis
the Guideline Statements.

Note: When a statement indicates that ÒThere is i
for KDOQI to make a recommendation,Ó the Work G
any recommendation, suggestion, or other evidence
either direction) based on the very low, low, or inad
evidence amassed by the ERT.

Statement: Monitoring/Surveillance of CVC
Complications

20.1 KDOQI considers it reasonable to perform a bas
medical history focused on signs and symptom
of CVC-related complications (eg, dysfunction
infection) and physical examination or check of
the dialysis catheter, exit site, tunnel, and sur
rounding area at each catheter dressing change
dialysis session.(Expert Opinion)

Rationale/Background
Although no studies have explicitly studied the valu
history, physical examination, check, or inspection
CVC dysfunction, infection, and migration, they
fundamental tools for assessing the HD patient.
example, a history of signs or symptoms of bactere
septicemia in a patient with a CVC, should alert
clinician to further assess for the possibility of CVC-re
infection. It is common for a patient to appear relativ
well but then complain of symptoms of headac
nausea, dizziness, and chills and exhibit signs
vomiting, rigors, and fever 15 to 30 minutes af
HD initiation when a CVC-related infection is pres
These signs and symptoms may be related to endo
release from a CVC containing an infected bio
perturbed by the ßow incurred by the initiation
dialysis.

Inspection of the CVC exit site may reveal
migration that places the CVC at risk of infection
also physical loss of the CVC. Exit-site infectio
indicated by the presence of erythema, swelling, ten
ness and purulent drainage around the CVC exit
the part of the tunnel external to the cuff. Signs
tunnel infection are swelling, erythema, ßuctuance,
tenderness over the CVC tunnel central or proximal t
cuff.
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Inspection of the patient on the side of the CVC
also indicate central venous stenosis/occlusion. Com
Þndings are not limited to but include dilated subcuta
ous veins and limb swelling.

Special Discussions
Special discussions from the Work Group included (1
frequency required to evaluate the CVC for adequate
vention of CVC infection and dysfunction and (2) t
prior 2006 KDOQI guideline recommend against exch
of CVC.

Implementation Considerations
The Work Group discussed implementation cons
ations, which included (1) standardizing the use of clin
questions to ask patients pertaining to CVC complica
(2) training and update of dialysis nurses/technician
identify physical signs of infection, occlusion, steno
and (3) identifying key medical personnel to convey
formation and facilitate a subsequent action plan i
abnormality was identiÞed.

Monitoring and Evaluation
More frequent monitoring and follow-up are required
an abnormality is suspected or found.

Future Research

� Cost beneÞt of prophylactic vascular access relate
tory/physical examination or check

� Testing long-term durability of dialysis catheters
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Guideline 21. Catheter Dysfunction
Please refer toBox 1to understand the evidence basis
the Guideline Statements.

Statement: De � nition of CVC Dysfunction

21.1 KDOQI considers it reasonable to assess for C
dysfunction during each HD session using th
following updated deÞnition of CVC dysfunction:
failure to maintain the prescribed extracorporea
blood ßow required for adequate hemodialysis
without lengthening the prescribed HD treat-
ment. (Expert Opinion)

Background/Rationale
Cuffed, tunneled, dual-lumen CVCs have becom
acceptable form of HD vascular access when an AV ac
not suitable or available, despite the associated
complication rates and mortality risk.67,455 Maintenance o
CVC patency is paramount to providing adequate H
patients requiring CVCs on either a temporary or lo
term basis. A common complication of the CVC is
dysfunction, which is associated with reduced dia
adequacy, increased risk of CRBSI,506 and mortality.
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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Guideline 21. Catheter Dysfunction
Although several studies have reported on CVC dys
tion, the rate of occurrence, the time from CVC inser
to dysfunction, and its effect on patientsÕ quality of
there is no consistency in the deÞnitions used for
dysfunction.506-508
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Detailed Justi � cation
The new Guidelines deÞnition of CVC dysfunction
fers from the prior guidelines, which was most suita
for a conventional dialysis prescription of three time
week dialysis, for 3-4 hours per treatment. The upd
deÞnition can be applied to a range of dialysis
scriptions (eg conventional HD, incremental HD, s
daily HD, nocturnal HD, etc). There are several fa
that contribute to the delivery of adequate HD bey
blood ßow, including but not limited to the duratio
frequency and/or type of dialysis, type of CVC, ul
Þltration variables, degree of recirculation, and we
of the patient. In fact, blood ßow may be misleading
an indicator of clearance if there is a signiÞcant pres
of recirculation, particularly if the lines are reversed509

Past deÞnitions of CVC dysfunction have included
ciÞc criteria pertaining to blood ßow rates, venous
arterial pressure limits, dialysis adequacy based on
kinetics, and other parameters. The 2006 KD
guideline deÞned CVC dysfunction as failure to mai
extracorporeal blood ßow of>300 mLÚmin at a pre-
pump arterial pressure more negative than -250
Hg or failure to attain and maintain an extracorpo
blood ßow sufÞcient to perform HD without signi
cantly lengthening the treatment time.13 Although it is
important to standardize outcomes within a guidel
this recommendation was opinion based and has
interpreted as the need to maintain blood ßows>300
mL/min to ensure adequate HD. As a result of th
blood ßow recommendations, CVCs are often run in
reverse conÞguration, thrombolytic agents such a
combinant TPA are administered, or CVCs
exchanged when blood ßow is consistently� 300 mL/
min. Previous comparisons of CVC mean blood ßow
250, 275, and 300 mL/min did not reliably predi
inadequate HD. This was particularly relevant in pat
with weights below 70 kg.510 Furthermore, blood ßow
of <300 mL/min are often standard in patients receiv
long-duration HD, such as nocturnal HD or frequent
where HD adequacy is excellent.

Additionally, there is uncertainty around the freque
of abnormality, that is, the number of HD sessions
include before deÞning CVC dysfunction. Patients
experience a single poor HD run with inadequate clea
and then spontaneously resume good runs, provi
adequate clearance, without an intervention. These
mittent decreases in clearance can be related to the po
of the patient, transient blood pressure drop, interdia
weight gain, higher levels of hemoglobin, transient pa
thrombosis of the CVC that autolyze, and factors not
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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understood. The consequences of such intermittent
sodes of reduced clearance are unclear, likely due
variations in frequency and etiologies.511,512 However, the
Dialysis Outcomes and Practice Patterns Study does
an association between number of inadequate HD se
and increased risk of hospitalizations and mortality,
these data are confounded by HD inadequacy b
attributed to shortened HD sessions.513 It is unknown if a
single session of HD with reduced adequacy, as mea
by urea clearance but with maintained duration of HD
associated with the same risk.

The rate of HD CVC dysfunction is variable depen
on the speciÞcs of the deÞnitions. Using a combine
of 3,364 patients and 268,363 CVC-dependent HD
sions from Da Vita and the USRDS, CVC dysfun
deÞned as a blood ßow (Qb)<300 mL/min occurred in
7.1% of HD sessions, and almost two thirds of pat
had � 1 CVC dysfunction session; 30% had� 1 CVC
dysfunction session per month.514 In an RCT of hepari
versus t-PA, CVC dysfunction, deÞned as pea
of � 200 mL/min for 30 minutes during a HD treatmen
mean Qb of� 250 mL/min during 2 consecutive H
treatments, or inability to initiate HD owing to inad
quate Qb, occurred in 20.0% of patients in the T
group and 34.8% in the heparin group. Others have
ported rates varying between 0.5 to 3.0 events per 1
catheter-days.515
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Implementation Considerations
The KDOQI Work Group offers this deÞnition becau
allows for intrapatient comparisons and respects d
ences in deÞnitions of dialysis adequacy used by va
studies, institutions, and jurisdictions. It allows for
ßexibility required when considering various HD p
scriptions according to type, duration, and frequencie
the dialysis regimen.

HD units may want to consider establishing local d
nitions of CVC dysfunction that incorporate their p
scription goals to meet adequacy targets (thereby b
consistent with KDOQI deÞnitions) and documen
episode(s) of CVC dysfunction at a predetermined
quency or interval to allow for trending and appropri
intervention
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Future Research
To accurately document the rate of CVC dysfunc
for comparisons within institutions, across jurisdicti
and treatment regimens, it is necessary to standard
the deÞnition of CVC dysfunction. There is an urg
need for the nephrology community to re-evaluate
deÞnition of CVC dysfunction with supporting vali
tion studies, eg, what are the sensitivity, speciÞcit
predictive value of various markers, and timing
intervention for CVC dysfunction? Is earlier interven
tion better?
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Guideline 21. Catheter Dysfunction
Statements: Pharmacologic Prevention of CVC
Dysfunction

CVC Connectors to Prevent CVC Dysfunction or
Bacteremia

21.2 KDOQI considers it reasonable to have an ind
vidualized approach to use special CVC conne
tors based on the clinicianÕs discretion and be
clinical judgment. (Expert Opinion)

21.3 KDOQI considers it reasonable to use an ant
microbial barrier cap to help reduce CRBSI in
high-risk patients or facilities; the choice of
connector should be based on clinicianÕs disc
tion and best clinical judgment.(Expert Opinion)
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Intraluminal Agents to Prevent CVC Dysfunction

21.4 KDOQI considers it reasonable that the choice to
use citrate or heparin as a CVC locking solution b
based on the clinicianÕs discretion and best clinic
judgment, as there is inadequate evidence
demonstrate a difference in CVC survival or com
plications between these locking solutions.(Expert
Opinion)

21.5 KDOQI suggests the use of low-concentratio
citrate (<5%) CVC locking solution, if feasible, to
help prevent CRBSI and CVC dysfunction.(Con-
ditional Recommendation, Low Quality of Evide

21.6 KDOQI suggests that TPA may be prophylac
cally used as a CVC locking solution once p
week to help reduce CVC dysfunction.(Conditiona
Recommendation, Low Quality of Evidence)

21.7 There is inadequate evidence for KDOQI to make
recommendation on the comparative use of th
following CVC locking agents for CVC dysfunction
or infection prophylaxis: tinzaparin versus unfrac-
tionated heparin, taurolidine/citrate versus heparin
with or without gentamicin, neutral valve
connector (Tego [ICU Medical]) versus citrate
(46.7%) locking solution.

Systemic Agents to Prevent CVC Dysfunction

21.8 KDOQI recommends against the routine use o
prophylactic systemic anticoagulants (eg
warfarin) for the sole purpose of maintaining or
improving CVC patency, as there is inadequa
evidence of beneÞt for CVC patency but sugge
tion of increased risk of harm(Conditional/Stron
Recommendation, Low Quality of Evidence).
 te a
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21.9 KDOQI suggests that low-dose aspirin may b
used to maintain tunneled CVC patency in pa
tients with low bleeding risk (Conditional Reco
mendation, Low Quality of Evidence).

Note: CVC refers to tunnelled hemodialysis CVCs
speciÞed.

Rationale/Background
Among incident HD patients in North America, 8
continue to start with a CVC,516 despite the well-known
complications of central vein stenosis,517 increased ris
of subsequent AVF failure,94,515 and associated likelihoo
of persistent use of the CVC beyond 90 days.516,518,519

CVC dysfunction is a common problem and often
quires medical or surgical intervention.520 Use of throm-
bolytic agents and/or CVC exchange occurs in 20% to
of patients dialyzing with CVCs.506 Both of the latter in-
terventions are associated with high costs.521 In many
cases, CVC dysfunction (previously deÞned by
KDOQI guideline13 as Òfailure to attain and maintain
extracorporeal blood ßow of 300 mL/min or greater a
prepump arterial pressure more negative than -250
HgÓ) persists. Besides increases in arterial and v
pressures registered by the dialyzer that necessi
decrease in blood ßow, CVC dysfunction can resu
signiÞcant recirculation, leading to poor clearance
lower Kt/V. Left untreated, such CVCs require prema
removal when they become nonfunctional522 (ie, with 1
or both lumens that cannot be aspirated).

The onset of CVC dysfunction can occur early or
after insertion, which may help in determining the eti
ogy of the problem and guide subsequent managem
Dysfunction noted immediately after the CVC placeme
likely due to the positioning of the CVC, preexist
vascular abnormalities (eg, central venous stenosi
mechanical damage to the CVC (eg, tight suture
perforation). Dysfunction developing after succes
initial use is usually due to intraluminal or pericathe
thrombosis, Þbrin sheath formation around the C
mural thrombus adhering to the CVC tip, or new cen
venous stenosis.

The following section discusses studies evaluating
phylactic strategies for CVC dysfunction.

Detailed Justi � cation

Connector Maneuvers to Prevent CVC Dysfunction
A closed-system connector has theoretical beneÞ
limiting environmental contact with microorganism
reducing bioÞlm formation and consequent CVC dysf
tion and infection. It is left in place during HD sessions
changed every week. An RCT (n= 66) compared a closed
system connector, ßushed with saline and attached t
CVC hubs, to 46.7% trisodium citrate lock to evalua
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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Guideline 21. Catheter Dysfunction
composite study endpoint of CVC dysfunction (requi
Þbrinolytic therapy or mean Qb� 250 mL/min during 2
consecutive dialysis sessions) and CVC-related b
emia.523 There was no difference in the composite outco
(48% [connector] vs 55% [trisodium citrate]; RR, 0.7
95% CI, 0.37-1.42]). The 2 groups also did not differ
the individual components of the composite o
come—dysfunction or bacteremia. The need
urokinase to treat thrombotic dysfunction did not differ (
participants from the connector group and 9 from the
sodium citrate group;P= 0.20). CVC survival rates (free
dysfunction or bacteremia) at 1 year were 0.43 in
connector group and 0.37 in the trisodium citrate gro
The study did not report harms. Therefore, given th
neutral results, KDOQI suggests that the use of the n
valve connector be at the discretion of the clinician.

Due to literature search timeline criterion, the Cl
Guard studies and data were not retrieved or reviewe
the ERT524,525; however, the KDOQI Work Group believ
it was important to include in this document. The m
recent study by Brunelli et al was a large, 13-mo
cluster-randomized, comparative-effective study
evaluated ClearGuard HD barrier cap (single-piece d
that applies antimicrobial inside and outside the h
versus Tego plus Curos (2-piece device that applies
microbial to the outside of the Tego cap only). The st
outcome was positive blood culture rate as an indicat
bloodstream infection rate. A total of 40 dialysis facil
were enrolled (20 facilities in each group). After a
month run-in phase, 1,671 patients (826 control gro
845 Tego plus Curos) qualiÞed for the 13-month in
vention phase. The ClearGuard group had 23 po
blood cultures compared with 75 in the Tego plus Cu
group (83,064 vs 100,042 CVC days, 0.28 vs 0.75
1,000 CVC days, respectively). The incidence rate rat
CRBSI analysis and access-related blood stream
favored the ClearGuard group (0.37;P= 0.003 and 0.32;
P< 0.001, respectively).525 Guideline Statements 21.2and
21.3 may be relevant to consider in the context of
study until a formal ERT review and analysis for the
Guideline update.

Tables of studies, evidence quality, and risks of bia
provided inSupplement 3, Tables S179-S182.

Intraluminal Agents to Prevent CVC Dysfunction

Anticoagulant Lock to Prevent CVC Dysfunction. Cit-
rate Versus Heparin. Three European RCTs compa
citrate to heparin CVC lock (total N= 542).526-528Follow-
up was 6 months in 2 studies; 1 study reported resul
CVC days.528 Interventions varied across the studies.
compared a 5% citrate lock to a 5,000 U/mL hepa
lock527 (standard concentrations). Two trials evalua
higher concentrations of citrate: 1 compared 30% ci
lock to a 5,000-U/mL heparin lock,528 and 1 compared
46.7% citrate lock to a 5% heparin lock.526 There were
more episodes of nonocclusive clot per session in th
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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citrate group compared to the 5,000 U/mL heparin gro
(14% vs 7%,P< 0.0001).527 All studies reported on th
treatment required for CVC dysfunction. Overall, there
no statistically signiÞcant difference between groups
1.25; 95% CI, 0.53-1.96]). One high-concentration lo
study and 1 standard-concentration lock study reporte
signiÞcant difference between groups for needing t
ment with urokinase.527,528 One study reported n
bleeding complications,526 and 1 study reported signiÞ
cantly lower incidences of major bleeding episodes (3
11%,P= 0.01) and lower persistent bleeding after ins
tion (4% vs 13%,P = 0.005) in the 30% citrate grou
compared with the heparin group.526-528

Doses of Citrate. There is inadequate evidence for KDO
to make a recommendation on the use of high- versus
concentration citrate as a locking solution for HD C
This was not included in the summary of statement
avoid confusion.

One European crossover RCT compared 10% citrate
citrate (n= 28)556 in tunneled, single-lumen CVCs. E
treatment arm was followed for 3 months. Nonocclusive
formation was noted in 9.5% of HD sessions with 10% ci
lock and 12.5% of HD sessions with 5% citrate lock=
0.04). Urokinase for CVC dysfunction was required in
episodes during 10% citrate use and 14 episodes durin
citrate use. The difference was not signiÞcant. There we
episodes requiring a urokinase infusion to restore cat
patency. There were no harms reported.
Doses of Heparin. One RCT529 (n = 75) and 1 observa
tional study530 (retrospective review of prospective
collected data; n= 223) compared different hepar
concentrations. The RCT compared 5,000 U/mL to 2,
U/mL and reported outcomes to 24 hours.529 The
observational study compared 3 different heparin l
(5,000, 1,000, and 500 U/mL) after CVC insertion wi
follow-up to 30 days.530 In the RCT, there were no e
isodes of thrombosis within 24 hours in either group.529

The observational study found no signiÞcant differe
between heparin concentrations in 2- or 30-day C
related infection-free survival, CVC related bleedin530

or incidence of blood ßow less than 250 mL/min.530

Tables of studies, evidence quality, and risks of bia
provided inSupplement 3, Tables S183-S193.

Thrombolytic Lock to Prevent CVC Dysfunc-
tion. Recombinant TPA has primarily been used in
treatment of CVC thrombosis. An RCT comparing
once per week (with 5,000 U/mL heparin lock after t
other 2 HD sessions) to heparin lock 3 times per w
enrolled 225 participants with both incident (Þrst ev
and prevalent CVCs.531 For 61% of the participants, th
CVC was their Þrst dialysis CVC. Follow-up was 6 mo
with extended follow-up for those who experienced
primary outcome of CVC dysfunction. The primary st
outcome of CVC dysfunction was deÞned as the
occurrence of decreased blood ßow (eg, peak Qb of� 200
mL/min for 30 minutes during HD, mean Qb of� 250
S113
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Guideline 21. Catheter Dysfunction
mL/min during 2 consecutive HD treatments, or inabi
to initiate HD due to inadequate blood ßow) after pro
colized attempts to re-establish patency. There w
signiÞcantly higher occurrence of CVC dysfunction in
heparin-only group (40/115; 35%) compared with th
TPA group (22/110; 20%) (HR, 1.91; 95% C
1.13–3.22) Among CVCs that experienced dysfunc
the need for TPA for immediate management was s
icantly higher in the heparin group (50% vs 18%,P =
0.01). No signiÞcant differences were obser
between the TPA and heparin-only groups for revers
CVC lines for immediate management of CVC dysfun
(TPA, 3/22 [59%], heparin 14/40 [35%],P = 0.07)
(orfor any serious adverse event (21% [TPA], 30% [
arin]; P = 0.14) or any bleeding (P = 0.93). There is a
paucity of rigorous studies comparing various method
installation of thrombolytic agents (eg, dwell, infusio
push techniques) and their impact on CVC patency
comes and complications.

Tables of studies, evidence quality, and risks of bia
provided in Supplement 3, Tables S179, S181, S194
through S207, andS237-S239.

Other Intraluminal Agents to Prevent CVC Dysfunc-
tion. Taurolidine and Citrate Versus Heparin. RCTs
(total N = 168) that compared a combined taurolidi
and citrate lock (taurolidine/citrate) to heparin lock532,533

and 1 RCT that compared taurolidine/citrate to
combined gentamicin and heparin lock (gentamic
heparin) for prevention of CVC complications w
identiÞed.534

Of the 2 RCTs of taurolidine/citrate versus heparin l
1 trial was conducted in the United Kingdom (N=
110),533 the other in the Netherlands (N= 58).532 The UK
study was of tunneled, cuffed CVC with follow-up
8,129 and 9,642 CVC days in the taurolidine/citrate
heparin groups, respectively.533 In the Dutch trial, the
majority (76%) of the catheters were for temporary
and nontunneled CVC (NT-CVC)532; the median CVC us
was 158 days for tunneled CVCs and 28 days for NT-
in the jugular or subclavian vein and 7 days for NT-C
inserted in the femoral vein.532 In both trials, the inter-
vention locks contained taurolidine 1.35% and citrate
and the heparin lock control contained 5,000 U/mL.

In both trials, removal of CVC due to thrombosis/
clusion did not differ between treatment groups. In
study of all tunneled CVCs, the need for thrombo
therapy at least once was twice as great in the tauroli
citrate group compared with the heparin group: 5
versus 26% (HR, 2.5; 95% CI, 1.3-5.2).533

Solomon et al533 conducted a nonrandomized, 3-a
study (N = 174) as an extension of the RCT conduc
in the United Kingdom and compared taurolid
(1.35%), citrate (4%), and heparin (500 UÚmL) (ie, TCH)
locks versus taurolidine/citrate versus heparin (5,000
S114
y
o-
s a
the

,
n,

nif-

ed
l of
tion

p-

of
,
ut-

are

e

a
/

re

ck,

f
nd

se

VCs
VC

%,

c-
e

tic
ine/
%

ed
e

U/

mL) locks. There was no signiÞcant difference for
survival between groups.533 Need for thrombolysis wa
reduced with the TCH lock (n= 106) compared with the
taurolidine/citrate lock (n= 34) (HR, 0.2; 95% CI, 0.06
0.5) but not the heparin 5,000 U/mL lock (n= 34) (HR,
1.4; 95% CI, 0.5-3.9).535

The UK trial involving tunneled CVCs reported
heparin-induced thrombocytopenia led to CVC remov
1 participant in the taurolidine/citrate group and none
the heparin group.533 The other study reported no adve
events associated with the use of taurolidine and c
lock solution.532

Taurolidine and Citrate Versus Gentamicin and Heparin.
There was one RCT (N= 119) evaluating combine
taurolidine 1.35% and citrate 4% lock (taurolidine/citra
versus combined gentamicin 40 mg/mL and hep
5,000 U/mL lock (gentamicin/heparin).534 Follow-up
was 90 days.

There was no signiÞcant difference in the develop
of CVC thromboses: 9 (12%) in the citrate/taurolid
group versus 11 (15%) in the gentamicin/heparin gro
(P= 0.63).
Tinzaparin Versus Heparin. One crossover RCT fro
Canada (N= 42) compared tinzaparin lock to hepa
lock.536 Participants received each of the locks for 7 we
All had been using CVCs for more than 3 weeks at the
of enrollment. No signiÞcant differences between tr
ment arms were observed for CVC removal due to fa
Use of alteplase for CVC dysfunction was signiÞc
lower in the tinzaparin group (3.2% vs 6.0% of HD s
sions;P= 0.008).

Tables of studies, evidence quality, and risks of bia
provided inSupplement 3, Tables S185, S190, S193, and
S208-S217.

Systemic Agents to Prevent CVC Dysfunction
Five studies of systemic anticoagulants for preventi
CVC complications were identiÞed. Three RCTs a
observational study compared a systemic antiplate
anticoagulant agent to placebo or no intervention.537-540

One of the RCTs evaluated an antiplatelet
(aspirin),539 and 1 RCT and the observational st
evaluated an anticoagulant (warfarin).538,540 One of the
RCTs compared an antiplatelet (aspirin) and an an
agulant (warfarin) to no intervention and to ea
other.537 One additional RCT compared systemic a
coagulation after CVC placement to anticoag
delayed until the Þrst CVC thrombosis or dysfunc
event.541

Aspirin. There are 2 RCTs (total N= 223) evaluating
aspirin compared with either a placebo or no int
vention (control group) in participants wit
CVC.537,539 One trial was conducted in Iran (N= 185;
follow-up 12 months),539 the other in Saudi Arab
(N = 38; follow-up not indicated).537 The Iranian tria
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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Guideline 21. Catheter Dysfunction
compared low-dose aspirin (80 mg/day) to pl
cebo,539 whereas the Saudi study compared low-d
aspirin (81 mg/day) to no intervention.537

Results were mixed for CVC survival outcomes
systemic antiplatelet therapy versus control. The Ira
study reported overall mean CVC survival time to
longer in the aspirin group compared with the place
group, 5.3 versus 3.9 months (mean difference, 1
95% CI, 0.28-2.52]).539 The Saudi study reported 68
of the 19 CVC in the aspirin group to be dysfuncti
free at 12 months compared with 37% of the 19 C
in the no intervention group. The authors reported t
the difference between groups was signiÞcant, bu
ERT reanalyzed the results using a Fisher exact te
found no statistically signiÞcant difference.537

In the Saudi trial, there were fewer participants wit
least 1 CVC dysfunction due to CVC thrombosis in
aspirin group than in the no intervention group (21%
47%), but when results were reanalyzed by the ERT
a Fisher exact test, the difference was not statis
signiÞcant.537

Adverse events did not differ between the aspirin
placebo groups in the Iranian trial.539 The Saudi stud
reported that no participant in either group experienc
major bleeding event.537

Warfarin. Two RCTs (total N= 213) compared
warfarin to placebo or no intervention.537,540 One trial
was conducted in Canada (N= 174).540 The second tria
represents the other intervention arm of the study f
Saudi Arabia (n= 39) described in the preceding se
tion.537 The follow-up periods were 709 to 72
participant-months in the Canadian study and 12 mo
in the Saudi study.537 Most of the participants receiv
tunneled cuffed CVCs (24% received NT-CVC in
Canadian trial). A low dose of warfarin, adjusted to
INR of 1.4 to 1.9, was compared with placebo in
Canadian study.540 The Saudi study compared a warfa
dose of 2 to 5 mg/day, targeting an INR of 1.5 to 2.0,
no intervention.537

Both studies reported CVC survival outcomes.
Canadian study reported that CVC removal for an
reason did not differ between the warfarin and p
cebo groups (HR, 0.87; 95% CI, 0.42-1.81]).540 The
Saudi study reported that dysfunction-free CVC
vival at 12 months was higher in the warfarin gro
(75%) compared with no intervention (37%) (re
ported asP < 0.01 in the publication andP = 0.02
using a Fisher exact test analyzed by ERT).537 The
Saudi trial also reported that 4 (20%) had at least 1
dysfunction due to CVC thrombosis in the warfarin gr
versus 9 (47%) with no intervention, but the differen
was not statistically signiÞcant based on the ERTÕ
alysis with a Fisher exact test.537 In the Canadian stud
need for an intervention for CVC dysfunction did
differ between the warfarin and placebo groups, at
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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versus 47%, respectively (HR, 0.90; 95% CI, 0
1.38).540

The Canadian trial reported no difference in m
bleeds between treatment groups540: 10 (12%) in the
warfarin group and 7 (8%) in the heparin group (R
1.43; 95% CI, 0.57-3.58]). The Saudi study reported
no participant in either group experienced a ma
bleeding event.537

One observational study from 2 units in the Uni
Kingdom (n = 112 participants with 194 femora
CVCs)538 observed a total of 20,021 CVC days of
Prophylactic systemic anticoagulation, typically war
with a target INR of 1.5 to 2.5, was compared with a
anticoagulation control group. The control gro
restricted anticoagulation to patients with C
dysfunction requiring repeated treatment with urokin
locks.

CVC survival, assessed as CVC removal due to occ
did not differ, at 33% in the anticoagulation group a
27% in the control (P= 0.49).

There was no difference in the number of CVC-re
thromboses between groups, 9% in the prophylactic g
compared with 11% (adjusted HR, 0.66; 95% CI, 0
1.72). Major bleeding occurred in 5 (6%) of 80 CVCs in
prophylactic group and in 4 (4%) of 108 CVCs in the
anticoagulation group, with an adjusted HR of 1.65 (95%
0.44-6.22). Corresponding rates were 0.7 and 0.4 per 1,00
CVC days.

Warfarin Versus Aspirin. There is inadequate eviden
for KDOQI to make a recommendation or suggestio
the use of systemic warfarin versus aspirin for the
vention or treatment of CVC dysfunction. This was
included in the summary of statements to avoid confus
The detailed justiÞcation is as follows.

The RCT from Saudi Arabia by Abdul-Rah
et al,537 with warfarin and aspirin arms compared
no intervention (described in the preceding sectio
also provided data comparing warfarin to aspirin.
comparative effectiveness study compared a wa
group (n = 20) that received a dose of 2 to 5 mg/da
targeting an INR of 1.5 to 2.0, with an aspirin gro
(n = 19) that received 81 mg/day. Patients were
lowed for 12 months.

There was no difference between groups
dysfunction-free CVC survival at 12 months: 7
(warfarin) versus 68% (aspirin) (P= 0.65) or for at least 1
CVC dysfunction due to CVC thrombosis: 20% (warfa
versus 21% (aspirin). No participant in either gro
experienced a major bleeding event.

Warfarin Initiated After CVC Placement Versus
Warfarin Initiated After First Thrombosis or CVC
Dysfunction Event. One Italian RCT (total N= 144)
evaluated warfarin initiated 12 hours after CVC place
(postplacement warfarin group) versus warfarin initia
S115
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Guideline 22: Treatment and Management of CVC Dysfunction
after the Þrst thrombosis or dysfunction (postev
warfarin group).541 In both groups, warfarin was adjust
to an INR of 1.8 to 2.5; follow-up was 12 months for the
CVCs.

Fewer participants in the postplacement warf
group experienced a thrombosis/dysfunction event,
(12%; 0.16 events per patient-year) versus 33 (5
1.65 events per patient-year) in the postevent war
group. Also, fewer participants in the postplacem
warfarin group required a CVC replacement due
thrombosis compared with the postevent warfarin gr
(2% versus 17%, respectively; RR, 0.14; 95% CI 0
0.62). No participant in either group experienced
major bleeding event.

Tables of studies, evidence quality, and risks of bia
this section are provided inSupplement 3, Tables S21
S232.
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Special Discussions

� Several of these solutions, such as citrate and
olidine, are not widely available for use in the out
tient setting in the United States.

� The cost effectiveness of using prophylactic throm
lytic locking solutions has not been extensiv
evaluated.

� Regarding the uses of systemic anticoagulants, th
of beneÞt and the potential risks of harm were dee
by the Work Group to be concerns, regardless
whether an INR is targeted (eg, in cases where war
is used; the beneÞts, risks and harms data for wa
prophylaxis used in other vascular access types
other indications in HD patients were reviewed by
Work Group), especially given the known challenge
consistently achieving a target INR and remai
within the therapeutic range in HD patients.
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Implementation Considerations

� Must consider whether each individual dialysis unit
the resources to implement changes in preve
locking solutions.

� The use of any intraluminal or extraluminal clean
solutions, antiseptics, antibiotics, medicines, or an
agulants should be compatible with the CVC mate

� When the evidence extracted and analyzed by the
was inadequate to make a recommendation and
were no associated harms, the Work Group believ
important to support use based on the clinicia
discretion and best clinical judgment. The Work Gr
did not want to place restrictions but instead wan
encourage future research to provide the necessa
idence to assist with future clinical practice guidel
development on these topics.
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Monitoring and Evaluation
Close monitoring of adverse events related to lockin
lutions such as citrate.

Future Research

� To prevent CVC dysfunction, better diagnostic tool
required to detect etiology of dysfunction. For exam
further research can evaluate the role of 2-dimens
echocardiography to diagnose a catheter-related
thrombus.

� The relationship between size of the intralumina
mural thrombus and symptoms

� Larger multicenter RCTs evaluating citrate
taurolidine

� The role of ethanol as a CVC-locking solution
� The role of nitroglycerin-based CVC lock solution
� The beneÞt of anticoagulant lock over normal salin

CVC patency has been raised and could be fu
researched, given the potential for increased ris
adverse events with anticoagulant locks542-545

� The cost effectiveness of various doses of prophy
TPA in high-risk patients eg, 2 mg vs 1 mg installat

� Rigorous studies comparing various methods of in
lation of thrombolytic agents (eg, dwell, infusion, pu
techniques) and their impact on CVC patency outco
and complications
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Guideline 22: Treatment and Management of CVC
Dysfunction
Please refer toBox 1to understand the evidence basis
the Guideline Statements.

Note: When a statement indicates that ÒThere is i
for KDOQI to make a recommendation,Ó the Work G
any recommendation, suggestion, or other evidence
either direction) based on the very low, low, or inad
evidence amassed by the ERT.

Statements: Medical Management of CVC
Dysfunction

Conservative Maneuvers

22.1 KDOQI considers it reasonable for a conservativ
bedside approach to managing CVC dysfunctio
prior to other medical or mechanical in-
terventions.(Expert Opinion)

Pharmacologic Maneuvers

22.2 KDOQI recommends intraluminal administration
of a thrombolytic agent in each CVC port to
restore function of dysfunctional CVCs due to
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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Guideline 22: Treatment and Management of CVC Dysfunction
thrombosis. (Conditional Recommendation, M
Quality of Evidence)

22.3 KDOQI recommends the use of alteplase o
urokinase plus citrate 4% per limb for restoring
intraluminal CVC blood ßow in an occluded CVC
(Conditional Recommendation, Moderate Q
Evidence)

22.4 KDOQI suggests intraluminal administration of
alteplase 2 mg in preference to alteplase 1 mg
each CVC port to restore function of dysfunc
tional CVCs due to thrombosis. (Conditiona
Recommendation, Moderate Quality of Evidenc

22.5 KDOQI suggests administering alteplase by th
dwell or push method to treat CVC dysfunction
(Conditional Recommendation, Low Quality of E

Rationale/Background
Despite the well-known complications of C
use,94,515,517-519 CVCs are used in 80% of all incid
HD patients.516 CVC dysfunction is a common proble
and often requires medical, endovascular, or sur
intervention520 in 20% to 40% of patients dialyzin
with a CVC.506 This is inconvenient for patients a
costly to the health care system.521 In the 2006 KDOQ
guideline,13 CVC dysfunction was deÞned as Òfailu
attain and maintain an extracorporeal blood ßow of
mL/min or greater at a prepump arterial pressure m
negative than -250 mm Hg.Ó Besides increases in a
and venous pressures registered by the dialyzer
necessitate a decrease in blood ßow, CVC dysfun
can result in signiÞcant recirculation, leading to poo
clearance and lower Kt/V. Left untreated, such C
require premature removal when they beco
nonfunctional522 (ie, with one or both lumens tha
cannot be aspirated, and dialysis cannot be deliver

Interventions to prevent and treat CVC dysfunc
can be categorized by the type of intervention as me
and mechanical interventions. Medical interventions
further subdivided into conservative maneuvers
pharmacologic interventions per se (eg, TPA use).
chanical interventions are similarly subdivided into Þ
sheath disruption, catheter exchange, and CVC rem
with replacement.

Conservative Maneuvers
Due to complex anatomy of the thoracic veins, C
malposition is common546 (Guideline 9). In the set-
tings of superior vena cava (SVC) stenosis (
common in HD patients) and venous aberrations
follow, such as dilatation of the azygous vein,
likelihood of incorrect CVC positioning is ev
higher.547 Even if initially appropriately positione
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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CVCs can migrate spontaneously, most commonly in
the contralateral innominate vein generating an a
of complications.548,549

CVC dysfunction in these cases is due to direct co
of the CVC tip or its side holes with the vessel wall, cau
obstruction of blood ßow. A CVC placed through the
internal jugular vein may induce thrombus formation e
if its tip moves up into only the upper portion of th
SVC548,549 because of the 90� turn the CVC has to tak
from the left brachiocephalic vein into the SVC. If the
length is too short, its tip will be abutted against the r
lateral wall of the SVC, irritating endothelium. If the CV
found to be malpositioned within the Þrst week
placement, it should be exchanged for one of proper s
length and properly situated. Older CVCs will likely h
Þbrous tissue formed around the cuff, necessitating
cutaneous dissection and subsequent exchange for
CVC.

CVC occlusion, a common cause of poor blood ß
may also be caused by kinking or malpositioning. In t
cases, CVC dysfunction generally emerges during th
HD session and can be resolved by repositioning if
position is the culprit.

Use of Intraluminal Thrombolytic
The initial management of CVC dysfunction invo
bedside maneuvers. Bedside management inc
repositioning the patients (Trendelenburg position)
the use of rapid saline ßushes to dislodge a pos
thrombus.550 Reversal of lumens may provide tem
rary respite and allow for completion of the HD tre
ment. If these initial bedside maneuvers
unsuccessful, and the CVC remains dysfunctiona
cannot be used to provide prescribed HD), consi
ation should be made for subsequent medical or
chanical intervention.

Persistent CVC dysfunction may be due to intralum
or pericatheter thrombus or development of a Þ
sheath. Fibrin sheaths may start to develop at the tim
CVC insertion, recruiting platelets and other coagul
factors and promoting leukocyte adherence.551 Over a
period of days to months, collagen is deposited near th
from the venous vessel wall where the CVC is locat
clotting exceeds the endogenous Þbrinolytic system
pacity, subsequent CVC thrombosis will ensue.551 The 3
main types of CVC-related thrombi include intralum
thrombus, CVC-tip thrombus, and Þbrin sheath-throm
the most common type of thrombus. Managemen
directed at these types of thrombi.

The evidence supporting the use of thrombolytic ag
for the medical management of CVC dysfunction follo

One RCT (N= 106) compared intraluminal admin
istration of the recombinant TPA alteplase (1 mg/m
to urokinase (5,000 IU/mL) in completely occlude
CVC552; both thrombolytics were allowed to dwell ov
S117
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Guideline 22: Treatment and Management of CVC Dysfunction
40 minutes. The mean duration since CVC insertion
246 days, and 31% were femoral CVCs. Outcomes
assessed after 1 and 10 HD sessions after the
alteplase and urokinase administrations. Treatmen
cess, deÞned as Qb>200 mL/min after dwell, was no
signiÞcantly different between the thrombolytic groups
Treatment success after 1 dose of alteplase was
versus 82% in the urokinase group (P= 0.06). After 10
HD sessions, CVC function was maintained in 93%
alteplase recipients and 86% of urokinase recipientsP=
0.23). CVC removal due to treatment failure occurre
1 (3%) from the alteplase group compared with
(13%) in the urokinase group. No serious har
occurred.

A second RCT (n= 151) compared tenecteplase 2 m
with placebo (administered over a dwell time of 1 hour
dysfunctional CVC, deÞned as a blood ßow rate<300 mL/
min.553 Outcomes were assessed after 1 treatment se
Treatment success was deÞned as blood ßow
(Qb) � 300 mL/min and an increase of 25 mL/min fro
baseline. Success was greater in the tenecteplase
compared with the placebo group (22% vs 5%). The
solute mean difference was 17% (95% CI, 6-27;P =
0.004). Rates of CRBSI were low and did not signiÞc
differ between groups, at 1% and 4% in the tenecte
and placebo groups, respectively. There were no si
cant harms in either group.

Dose of Intraluminal Thrombolytic
One observational study (N= 237) compared high-dos
alteplase (2 mg) to low-dose alteplase (1 mg) for
treatment of CVC dysfunction.554 The treatments wer
administered over a dwell time of 30 minutes. The tim
to-event outcome was deÞned as the time interva
tween the Þrst alteplase session until CVC removal d
occlusive thrombus. More CVCs were removed du
unresolved thrombus-related dysfunction in the low-d
group compared to the high-dose group: 19% ve
10%, respectively. After adjustment for potential c
founding variables, the risk for CVC removal was m
greater in the low-dose group compared with the hi
dose group, with an adjusted HR of 2.75 (95%
1.25,-6.04). Mean survival times were 955 days for
high-dose group and 782 days for the low-dose groupP=
0.019).

One RCT (n= 81) compared higher-dose urokina
(100,000 IU lock) with lower-dose urokinase (25,00
IU lock) in participants who experienced CVC thro
bosis/dysfunction during a 3-year study period.555 The
treatments were administered over a dwell time o
hour. All participants received warfarin therapy
prevent CVC-related thrombosis. Nine study partic
pants with functioning CVC died and were exclu
from analysis. Higher-dose urokinase was more e
tive than lower-dose urokinase in restoring adeq
blood ßow. Over the 3-year period, 36 and
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thrombotic events were reported for the higher an
lower-dose urokinase groups, respectively. In
higher-dose group, adequate blood ßow was retur
in all 36 cases after initial treatment 14% (4/2
compared to the cases in the lower-dose groupP =
0.01). Adequate blood ßow rate was restored in
remaining 25 cases in the lower-dose group with
additional administration of urokinase 75,000 IU.
the lower-dose group, 14 of the 29 patients (48
required additional urokinase treatments for more th
2 HD sessions after initial urokinase administration
compared with 3 of 36 patients (8%) in the highe
dose group (P = 0.01). Two in the higher-dos
group (5%) and 12 in the lower-dose group (38%
(P < 0.05) had CVC changed due to CVC dysfunc
after repeated thrombolytic therapy failed.

Method of Thrombolytic Administration
There was 1 RCT (N= 83) that compared push an
dwell protocols for alteplase (2 mg/mL) administrati
for occluded CVC (Qb,<200 mL/min).558 The push
protocol was completed in approximately 30 minutes
the dwell protocol, the initial dwell time was 30 m
nutes. If the CVC was not functional after 30 minu
alteplase was allowed to dwell for an additional 90
nutes. The majority of participants (71%) had a prev
CVC. Nearly 70% of the study CVC had been previ
treated with alteplase. Treatment success, deÞn
Qb � 300 mL/min for a minimum of 30 minutes and
minimum of 100 mL/min increase in Qb as a result
treatment was not signiÞcantly different between
push and dwell groups. Treatment success was
(push) versus 65% (dwell) (P = 0.08). CVC surviva
deÞned as time from thrombolytic administration to
next required CVC intervention, did not differ betwe
the push and dwell groups. After censoring for rea
other than CVC interventions for dysfunction and in
tion, the mean duration before the next required in
vention in the push group was 65.5 days versus
days in the dwell group (P = 0.77). No serious harm
were reported

Tables of studies, evidence quality, and risks of bia
this section are provided inSupplement 3, Tables S19
S207.
e

-

1

Monitoring and Evaluation
Tracking frequency of dysfunctional and embedded C

Tracking frequency of use of thrombolytic agents
treat dysfunctional CVCs.
to

ed
ec-
ate
9

Future Research
The various methods of managing a CVC that is dys
tional but also embedded.

Investigate alternate agents, doses, and methods t
dysfunctional CVC.
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020



n

e
t

e
d
y

a

d
-
C

C
c
i

a

ie
a
Þ
rn

ie
ra

e
o
e
a

s

p
t
w
a

e

a
%

ere
/no
up
ared

ce-
CVC
1 (n
t, it
t, the
deter-
ce-
rin

oup.
heath
CI,

and
oups.
d in

safely
s.
ce) to

ing
r ex-
e of
sheath

in-
CVC
ire
eval-

change
the

up)
t and

pro-
roup

on-
n);

ethod
ve the
ous
n to
tious
VC

most
n
ts
ut

Guideline 22: Treatment and Management of CVC Dysfunction
Statements: Mechanical Management of CVC
Dysfunction

22.6 KDOQI considers it reasonable that the decisio
to perform Þbrin sheath disruption during CVC
exchange for CVC dysfunction be based on th
operatorÕs discretion and best clinical judgmen
(Expert Opinion)

22.7 There is inadequate evidence for KDOQI to mak
a recommendation on the efÞcacy of or metho
of Þbrin sheath disruption based on CVC patenc
outcomes.

22.8 KDOQI considers it reasonable that CVC remov
followed by replacement at a different site should
be the last resort after conservative, medical, an
other mechanical (eg, angioplasty, CVC ex
change) strategies have all failed to treat CV
dysfunction. (Expert Opinion)

Detailed Justi � cation

Mechanical Endovascular Fibrin Sheath Disruption
Fibrin sheath formation is a frequent cause of
dysfunction, particularly late CVC dysfunction. Re
ring use of thrombolytics should in itself raise suspic
of the presence of Þbrin sheath around the CVC559—a
problem affecting 40% to 100% of CVCs.560-562

Although thrombolytic therapy has been demonstr
to have a high immediate success rate of>80% (as
discussed), 2-month patency can be quite low,
approximately 36%.563 Subsequently, 4 other strateg
for restoration of CVC patency have been evalu
Those included CVC exchange, percutaneous
sheath stripping, angioplasty disruption, and inte
snare maneuver.

One RCT560 (pilot study) and 1 observational study564

address Þbrin sheath disruption. In the RCT, pat
with internal jugular CVCs with Þbrin sheaths were
domized to CVC exchange over a guidewire (n= 12) or
exchange over a guidewire with angioplasty sh
disruption (n = 18). A group of participants with n
sheath was also studied (n= 14). There were 2 measur
of patency: median time to repeat CVC dysfunction
median time to repeat CVC exchange.560 The median time
to repeat dysfunction were 373 days and 98 days in
sheath disruption and sheath/no disruption grou
respectively (P = 0.22), and 849 days in the no shea
group. The median times to repeat CVC exchange
411 days and 198 days in the sheath disruption
sheath/no disruption groups, respectively (P= 0.17), and
879 days in the no sheath group. Blood ßow and us
thrombolytic dwells were also reported.560 Mean Qb
< 300 mL/min was observed in 15% of those with she
disruption compared with 22% without disruption and 7
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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with no Þbrin sheath (no signiÞcant differences). Th
was greater use of thrombolytic dwells in the sheath
disruption group (5.0%) than the sheath/disruption gro
(2.1%), but the difference was signiÞcant only comp
with the no sheath group (1.8%).

An observational study, using a local institution pro
dural database, reviewed all tunneled dialysis
exchanged between January 2008 and December 201=
163).564 On angiogram, if a Þbrin sheath was presen
was disrupted by angioplasty; if no sheath was presen
CVC was exchanged over a guidewire. Patency was
mined at 3-month intervals (to 12 months after repla
ment).564 The 12-month patencies were 43% in the Þb
sheath disruption group and 52% in the no sheath gr
There was no signiÞcant association between Þbrin s
disruption and CVC failure (adjusted HR, 1.34; 95%
0.87-2.10]). Neither study reported harm outcomes,
there was no difference in bacteremia rates between gr

Study details and evidence quality are provide
Supplement 3, Tables S233-S238.

CVC Salvage, Exchange, and Other CVC Strategies
CVC exchange over a guidewire can be performed
and effectively to treat intrinsic CVC-related thrombosi565

However, there are sound reasons (non-RCT eviden
obliterate the Þbrin sheath, if detected, before perform
the CVC exchange to prevent early CVC failure afte
change.560,566 CVC patency is greater in the absenc
Þbrin sheaths than when CVCs are encased by Þbrin
(as discussed). Furthermore, Valliant et al,564 reported that
CVC exchange with Þbrin sheath disruption did not
crease the risk of bacteremia and subsequent
dysfunction rates compared with simple over-the-w
exchange. Another retrospective observational study
uated CVC exchange procedures comparing CVC ex
after creation of a new tunnel and exit site (using
original venotomy site for exchange) (revision gro
versus exchange over a wire using the same exi
venotomy site (exchange only group).567 In the revision
group, Þbrin sheath disruption was also part of the
cedure. Patients with CVC exchange in the revision g
had signiÞcantly fewer infections (likely due to n
disruption of the exit site and Þbrin sheath disruptio
repeat procedures were not evaluated.567

CVC exchange via a guidewire is also an effective m
to treat and prolong CVC patency and preserve and sa
exit site, particularly in patients with limited central ven
access sites.568 Guidewire exchange of CVCs has show
be safe and easily performed with no increase in infec
complications, but at the same time providing similar C
longevity to de novo CVC insertion.568

CVC Replacement
Central vein stenosis (CVS) remains one of the
common vascular access–related complications, with a
occurrence rate of up to 40% in prevalent HD patien517

(Guideline 26). CVC removal, therefore, witho
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Guideline 23. Catheter-Related Infection
protection of the stenotic vessel by placement of a
across the stenosis, can lead to thrombosis of the c
vessel in which the CVC was placed. In many patients
a long history of ESKD and vascular access problem
internal jugular and femoral veins may become inac
sible, either due to stenosis or chronic total occlus
These patients can exhaust all of their vascular acce
tions if the clinician leaves stenotic vessels unprotect
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Guideline 23. Catheter-Related Infection
Please refer toBox 1to understand the evidence basis
the Guideline Statements.

Note: When a statement indicates that ÒThere is i
for KDOQI to make a recommendation,Ó the Work G
any recommendation, suggestion, or other evidence
either direction) based on the very low, low, or inad
evidence amassed by the ERT.

Statements: De � nitions of Catheter-Related
Infections

23.1 KDOQI considers it reasonable to consistently us
standardized deÞnitions for CVC-related in
fections to allow for comparisons across pro
grams/jurisdictions. (Expert Opinion)

23.2 KDOQI considers it reasonable to use the KDOQ
VA-2019 deÞnitions of CVC-related infections
(Tables 23.1 and 23.2), which consider the
Table 23.1. De� nitions of CVC-Related Blood Stream Infections

KDOQI-2019 KDOQI-2006 13

Clinical manifestations and at
least 1 positive BC from a
peripheral source (dialysis circuit
or vein)and no other apparent
source,with either positive
semiquantitative (>15 CFU/
catheter segment, hub or tip) or
quantitative (>102 CFU/catheter
segment, eg, hub or tip) culture,
whereby the same organism
(species and antibiogram) is
isolated from the catheter segment
(eg, hub or tip) and a peripheral
source (dialysis circuit or vein)
blood sample. If available, the
following would be supportive:
Simultaneous quantitative cultures
of blood samples with a ratio
of � 3:1 (catheter hub/tip vs
peripheral [dialysis circuit/vein]);
differential period of catheter
culture versus peripheral BC
positivity of 2 hours.

De� nite: Same organism from a
semiquantitative culture of the
catheter tip (>15 CFU/catheter
segment)and from a BC in a
symptomatic patient with no other
apparent source of infection.
Probable: Defervescence of
symptoms after antibiotic therapy
with or without removal of the
catheter, in the setting in which
BC con� rms infection, but
catheter tip does not (or catheter
tip does, but blood does not) in a
symptomatic patient with no other
apparent source of infection.
Possible: Defervescence of
symptoms after antibiotic
treatment or after removal of
catheter in the absence of
laboratory con� rmation of BSI in a
symptomatic patient with no other
apparent source of infection.

Abbreviations: BC, blood culture; BSI, bloodstream infection; CDC, Cent
Kidney Disease Outcomes Quality Initiative; IDSA, Infectious Diseases
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unique circumstances of a hemodialysis patien
(Expert Opinion)

Note: In order to harmonize deÞnitions, the KDOQ
deÞnitions encompass those of other organiza
on.
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Rationale/Background
Patients dialyzing with a CVC are at increased ris
catheter-related infection (CRI) and have incre
morbidity, mortality, and health care costs.34,67,179,569

Catheter-related infections alone have a reported
dence of 1.1 to 5.5 episodes per 1,000 CVC days.171,570,571

The hospitalization and mortality rates for patie
commencing HD with a CVC is high and has b
attributed to the increase in bacteremia/sepsis observ
concert with an increased use of CVCs.171,569 The Þnancia
and patient costs of hospital admissions, antibiotic use
CVC changes associated with CRI have sign
implications.

It is essential that accurate, consistent deÞnitions o
be used to accurately report their occurrences to p
comparisons of rates of CRI that may inßuence pra
across jurisdictions in HD patients using CVCs.

Detailed Justi � cation
Several deÞnitions for CRI are cited in the literature
without consensus among the various asso
tions.13,297,319 Table 23.1lists the deÞnitions from th
CDC297 IDSA319

Clinical manifestations and at
least 1 positive BC from a
peripheral vein and no other
apparent source, with either
positive semiquantitative (>15
CFU/catheter segment) or
quantitative (>102 CFU/catheter
segment) culture, whereby the
same organism (species and
antibiogram) is isolated from the
catheter segment and a
peripheral blood sample.
Simultaneous quantitative
cultures of blood samples with a
ratio of � 3:1 (catheter vs
peripheral)
Differential period of catheter
culture versus peripheral BC
positivity of 2 hours
OR Isolation of the same
organism from semiquantitative or
quantitative culture segment and
from blood (preferably from a
peripheral vein) of a patient with
accompanying symptoms of BSI
and no other apparent source of
infection.

Bacteremia/fungemia in a patient
with an intravascular catheter with
at least 1 positive BC and with
clinical manifestations of
infections (ie, fever, chills, and/or
hypotension) and no apparent
source for the BSI except the
catheter
AND One of the following should
be present: A positive
semiquantitative (>15 CFU/
catheter segment) or quantitative
(>102 CFU/catheter segment)
culture whereby the same
organism (species and
antibiogram) is isolated from the
catheter segment and peripheral
blood.
Simultaneous quantitative BC
with a >5:1 ratio catheter versus
peripheral.
Differential time period of catheter
culture versus peripheral BC
positivity of>2 hours.

ers for Disease Control and Prevention; CFU, colony-forming unit; KDOQI,
Society of America.
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Table 23.2. De� nitions of CVC Exit Sites and Tunnel Infections

KDOQI 2019 KDOQI 2006 13 CDC297 IDSA319

Exit Site Infection

Hyperemia,
induration, and/
or
tenderness� 2
cm from
catheter exit
site. May be
associated with
drainage from
the exit site. It
may or may not
be associated
with
bacteremia. If
there is exit site
drainage, it
should be
collected and
sent for Gram
staining,
culture, and
sensitivities.

In� ammation
con� ned to the
area surrounding
the catheter exit
site, not
extending
superiorly
beyond the
cuff if the
catheter is
tunneled, with
exudate culture
result con� rmed
to be positive.

Erythema or
induration within
2 cm of the
catheter exit site,
in the
absence of
concomitant BSI
and without
concomitant
purulence.

Hyperemia,
induration, and/
or
tenderness� 2
cm from
catheter exit site.
May be
associated with
fever and
purulent
drainage from
the exit site. It
may or may not
be associated
with bacteremia.
If there is
purulent
drainage, it
should be
collected and
sent for Gram
staining and
culture.

Tunnel Infection

Tenderness,
hyperemia, and/
or induration that
extends along
the
subcutaneous
tunnel. It may
or may not be
associated
with bacteremia.
If there is
drainage, it
should be
collected and
sent for Gram
staining, culture,
and sensitivities.

The catheter
tunnel superior
to the cuff is
in� amed, painful,
and may have
drainage
through the
exit site that is
culture positive.

Tenderness,
erythema, or
site induration
>2 cm from the
catheter site
along the
subcutaneous
tract of a
tunneled
catheter, in the
absence of
concomitant
BSI.

Tenderness,
hyperemia, and/
or induration
that extends>2
cm from the exit
site and along
the
subcutaneous
tunnel. It may or
may not be
associated with
bacteremia. If
there is purulent
drainage, it
should be
collected and
sent for Gram
staining and
culture.

Abbreviations: BSI, bloodstream infection; CDC, Centers for Disease
Control and Prevention; KDOQI, Kidney Disease Outcomes Quality
Initiative; IDSA, Infectious Diseases Society of America.

Guideline 23. Catheter-Related Infection
2006 KDOQI guideline, the CDC, and the Infectious
eases Society of America (IDSA). Of note, the 2009
guidelines acknowledged the hemodialysis CVC
separate entity, as did the updated CDC guidelines.297 In
these aforementioned guidelines, the diagnosis of cath
related bloodstream infections (CRBSI) is obtained thr
a set of peripheral blood cultures compared with bl
cultures obtained from (1) the arterial or venous CVC
meeting quantitative criteria (3-fold higher count
colony-forming units [CFUs]/mm in the CVC hub cultu
compared with the peripheral venous blood culture);
an arterial or venous CVC hub meeting criteria of di
ential time to positivity (DTTP), that is, the blood cult
from the CVC hub turning positive at least 2 hours be
the peripheral blood culture; or (3) the hemodialysis C
tip growing the same microorganism as the periph
venous culture. These mentioned guidelines deÞn
peripheral venous culture as one taken from a perip
vein.

However, the need for a peripheral culture from
peripheral vein was recently challenged in a study
determined the applicability of IDSA criteria for
diagnosis of CRBSI in patients on HD. It determined
diagnostic characteristics of an alternate Òreal w
approach to diagnosing CRBSI with blood cultures
tained from the dialysis circuit (another periphe
source) rather than the peripheral vein.12 This study
determined that blood culture results were most se
tive, speciÞc, and accurate for the diagnosis of C
when taken from the HD circuit (the peripheral sour
and the venous CVC hub and least sensitive, sp
and accurate when taken from any combination w
peripheral vein blood cultures, making venipunct
unnecessary. This study does have some limitation
including a low CRBSI rate and the fact that it
conducted at a single center.

In the present era of accountability for CRBSIs,
important to note that the current CDC or IDSA d
nostic criteria have not been validated in the uni
circumstances of patients with a CVC undergoing HD
This issue is timely because there are several chal
that can inßuence the rate and accuracy of C
reporting. These include peripheral vein blood culture
not obtained, either because patient veins canno
accessed or an existing vein needs to be preserv
AV access; suboptimal handling of blood cultures in
outpatient dialysis unit (eg, variable time period bef
culture bottles are placed in an incubator, difference
temperature during transport to a microbiology la
ratory), and use of antibiotic locks for CRBSI pre
tion, which may interfere with diagnosis. Furthermore
quantitative blood cultures are not routinely availabl
clinical practice (ie, limitedto research settings), an
the differential time to positivity criteria has be
found to be met in less than one third of cases.

The 2019 NKF-KDOQI CRBSI deÞnition (Table 23.1) is
as follows: Clinical manifestations and at least 1 po
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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blood culture result from a peripheral source (dial
circuit or vein) andno other apparent source,witheither
positive semiquantitative (>15 CFU/catheter segment, hu
or tip) or quantitative (>102 CFU/catheter segment, e
hub or tip) culture, whereby the same organism (spe
and antibiogram) is isolated from the catheter segm
(eg, hub or tip) and a peripheral source (dialysis circu
vein) blood sample.

If available, the following would be supportiv
simultaneous quantitative cultures of blood samples w
ratio of � 3:1 (catheter hub/tip vs peripheral [dialys
S121
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Guideline 24: Prevention of CVC-Related Infection
circuit/vein]) and differential period of catheter cultu
versus peripheral blood culture positivity of 2 hours.

The 2019 NKF-KDOQI CRBSI deÞnition prese
earlier represents a modiÞcation of the previous KD
and other societal guidelines based on the cu
evidence.

Table 23.2provides the minimally revised 2019 NK
KDOQI deÞnitions for exit-site infection and tunnel
fections in addition to the previous 2006 KDOQI gui
line,9 IDSA,11 and CDC10 deÞnitions.

Special Discussions
The KDOQI Work Group discussed the importanc
good CVC connections and its contributory role in C
when not done properly. CVCs should be accesse
manipulated only by personnel trained and experienc
hemodialysis CVC care (Guideline 11).

Implementation Considerations
Standardized use of CRBSI deÞnitions among d
providers to ensure consistent reporting and to a
comparisons between populations/units.

Future Research

� Validate criteria for diagnosis of CRBSI in HD pati
� Further validation studies of diagnostic criteria for

site and tunnel infections in HD patients

Guideline 24: Prevention of CVC-Related
Infection
Please refer toBox 1to understand the evidence basis
the Guideline Statements.

Note: When a statement indicates that ÒThere is i
for KDOQI to make a recommendation,Ó the Work G
any recommendation, suggestion, or other evidence
either direction) based on the very low, low, or inad
evidence amassed by the ERT.

Statement: General Prevention of CVC Infection
and Use of Infection Surveillance Programs and
Infection Control Teams

24.1 KDOQI considers it reasonable for an infection
control program to include an infection surveil-
lance team to monitor, track (in an electronic
database), help prevent, and evaluate outcomes
vascular access infections and, in particular, CV
related infections.(Expert Opinion)

Rationale/Background
The key to reducing infections in HD patients
incorporating an infection surveillance program. Th
are several studies documenting that an infection
veillance program can assist in identifying CVC-re
infections and result in timely interventions to moni
and treat CVC-related infections and mainten
S122
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strategies to prevent CVC-related infections.572-574 Suc-
cessful surveillance programs require dedicated t
and resources (including use of an electronic infec
tracking system) to monitor clinical outcome meas
such as CVC-related infection rates, hospitalizations
death.572 Participation in the CDCÕs National Health
Safety Network for bloodstream infection surveillanc
encouraged. Multidisciplinary teams have been show
play an important role in implementing effective s
veillance programs.575 Having a dedicated vascular ac
nurse or coordinator to assist physicians and staff
management of CVC-related infections has been rep
to reduce CVC treatment failure rates and death
sepsis.177-179 However, probably the most effecti
strategy to reduce CVC-related infections is avoidin
use of CVCs. Previous studies have also reporte
programs that have implemented a vascular a
coordinator and vascular access protocols increase
AVF as the initial vascular access at HD initiation
reduce total number of CVC days.168

Speci � c Prevention of CVC-Related Infection
Routine Monitoring perGuideline 20is required for the
prevention of CVC complications, including CVC-rel
infections.

Statement: Surveillance of CVC Colonization and
Preemptive CRBSI Management

24.2 There is inadequate evidence for KDOQI to sup
port routine CVC surveillance cultures for colo-
nization and subsequent pre-emptive antibiotic
lock installation if culture is positive.
quate quality of

f
-

is
re
ur-
ted
r
nce

Rationale/Background

Surveillance of CVC Colonization
CVCs routinely develop a bioÞlm on their inner surf
often within 24 hours of their insertion. Bacteria
bioÞlm are a primary source of CRBSI in HD pat
with CVCs. It is likely that if the bacterial burden in
bioÞlm is high, this will result in positive surveillan
cultures of the CVC lumen. One potential approac
preventing CRBSI in patients with CVCs is to per
periodic cultures of the CVC lumen immediately befo
HD session. Hypothetically, if the culture results
positive, the patient could receive a course of in
luminal antimicrobial lock therapy to eradicate the b
teria in the bioÞlm.

Detailed Justi � cation
This approach was evaluated in a single-center ob
tional study of 104 patients with tunneled CVC at a
pital in Spain.576 During a 1-year intervention perio
patients underwent surveillance blood cultures from
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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Guideline 24: Prevention of CVC-Related Infection
CVC lumen every 15 days. If the cultures grew coagu
negativeStaphylococcusspecies within 14 hours or if the
grew another pathogen (S aureus, Enterococcusspecies, o
Gram-negative bacteria) at any time, the patient recei
2-week course of an antibiotic lock at the end of each
session. The primary outcome, CRBSI, occurred at
quency of 0.27 episodes/1,000 CVC days during
intervention period versus 1.65 episodes/100 CVC
during the historical control period (no surveillance blo
cultures). The authors concluded that this approach c
triage patients at high risk of CRBSI, who might be
from prophylactic antibiotic locks. The ERT graded
quality of this study as very low, with moderate risk
bias.
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ultiple CRSBI, S
Special Discussions and Implementation
Considerations
The KDOQI Work Group committee had several con
about this approach, as follows:

� The quality of evidence was graded as Òvery lowÓ
ERT.

� This was not an RCT, and moderate bias was ev
The intervention group was compared to a histo
control group rather than to a concurrent con
group, raising the possibility that the reduction
CRBSI was due to more meticulous aseptic techn
rather than the surveillance and preemptive antib
lock.

� This is an extremely labor-intensive and expen
approach. SpeciÞcally, in the course of the st
1,734 surveillance blood cultures were obtained
which 94.2% had negative results, and 4.6% g
coagulase-negativeStaphylococcusspecies in>14 hours.
In other words, only 1.2% of cultures resulted
treatment with an antibiotic lock. It is unlike
that such an approach would be feasible in u
clinical practice. Clearly, an indiscriminate appro
to CVC surveillance cultures for catheter-rel
infection is not feasible in normal practice. Howev
additional studies would be helpful to identify su
groups of patients who may beneÞt from frequent C
surveillance cultures and preemptive manageme
CRBSI.

� It is important to highlight that CVC surveillance c
tures are very different from surveillance for cathe
related infections (which the KDOQI Work Group
fers to asmonitoring, and strongly supports).
h
p
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HD
Future Research

� In addition to determining subgroups of patients w
may beneÞt from CVC surveillance cultures and
emptive management of CRBSI (as described), r
ously designed and implemented studies are requir
determine an effective CVC surveillance culture and
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
ase-emptive management strategy for CRBSI in subg
of patients at high risk.
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Statements: Methods to Prevent CRBSI

Extraluminal Strategies
SeeGuidelines 11, 21, and 24 on ÒCVC System Conn
and Disconnect Procedure ConsiderationsÓ and sec
ÒPrevention of CVC Dysfunction.Ó

Intraluminal Strategies

24.3 KDOQI suggests that the selective use of spec
prophylactic antibiotic locks can be considered in
patients in need of long-term CVC who are a
high risk of CRSBI (eg, multiple prior CRSBI),
especially in facilities with high rates of CRBS
(eg, >3.5/1,000 days). (Conditional Recommend
Low-Moderate Level of Evidence).

Note: Under these circumstances and given the cu
considers it reasonable for prophylactic use of s
cefotaxime, gentamicin or cotrimoxazole (TMP
cannotsupport the routine prophylactic use of a
with very low supporting evidence (Table 24.1).

24.4 KDOQI suggests that the selective use of spec
prophylactic antimicrobial locks can be consid-
ered in patients in need of long-term CVC who
are at high risk of CRSBI, especially in facilitie
with high rates of CRBSI (eg,>3.5/1,000 days).
(Conditional Recommendation, Low-Moderate
Evidence)

Note: Under these circumstances and given the cu
can support the prophylactic use of methylene
cannotsupport the routine prophylactic use of anti
with very low supporting evidence (Table 24.1).

24.5 KDOQI suggests that the selectiveuse of once
weekly prophylactic CVC locking with throm-
bolytic agent (recombinant TPA) can be
considered in patients in need of long-term CVC
who are at high risk of CRSBI, especially i
facilities with high rate of CRBSI (eg,>3.5/
1,000 days). (Conditional Recommendation, M
Quality of Evidence)

Note: Under these circumstances and given the cu
can support the prophylactic use of recombinan

Note: High-risk patients refers to those with prior m
aureus nasal carriers.

Rationale/Background
In patients with CVCs, the bacterial bioÞlm coating the
surface of the CVC is the major source of CRBSI.577Instillation
of an antibiotic or antimicrobial lock (in conjunction with
anticoagulant) into the CVC lumen at the end of each
session may reduce CRBSI by sterilizing the bioÞlm.
S123
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Guideline 24: Prevention of CVC-Related Infection
Detailed Justi � cation

CVC Antimicrobial Caps
Please see the discussion on the ClearGuard c
Guideline 21, under Detailed JustiÞcation (connec
maneuvers to prevent CVC dysfunction).

Intraluminal Lock Solutions
Please also see the discussion in Guideline21, under
Detailed JustiÞcation (other intraluminal agents to pre
CVC dysfunction).

Published RCTs have evaluated a large numb
antibiotic CVC lock solutions (gentamicin, cefazo
Table 24.1. Intraluminal Strategies: Effect of Antibiotic and Antimicrobial

Agents Studied
Patients,
n

Relative Risk
(95% CI) Anticipated

Locking Solutions That Can Be Used S

Cefotaxime593-595

(3 RCTs)
227 0.42 (0.25-0.72) Without a

Gentamicin583-

585,596 (4 RCTs)
555 0.18 (0.07-0.46) Without a

Weekly TPA506

(1 RCT)
225 0.30 0.11-0.85) Heparin:

Cotrimoxazole597

(1 RCT)
87 0.16 (0.04-0.69 Without a

1,000 day

Methylene blue598

(1 RCT)
407 0.29 (0.12-0.70) Heparin:

No Signi � cant Effect or Very Low Evidenc

Taurolidine/citrate533,599 183 0.49 (0.20-1.24) Heparin: 21.

Vancomycin or linezolid600

(1 RCT)
152 Without antib

6.7 per 1,000

Vancomycin+ gentamicin601

(1 RCT)
86 0.18 Without antib

4.0 per 1,000

Cefazolin602,603

(2 RCTs)
159 0.58 (0.32-1.04) Without antib

Cefazolin+ gentamicin604

(1 RCT)
120 0.14 Without antib

3.12 per 1,00

Minocycline605

(1 RCT)
204 0.32 (0.14-0.71) Without antib

4.3 per 1,000

Antimicrobial solutions

EDTA606

(1 RCT)
117 0.34 (0.04-3.24) Heparin:

1.08 per 1,00

Ethanol/heparin607

(1 RCT)
49 0.17 (0.02-0.63) Heparin: 13%

Ethanol/citrate608

(1 RCT)
40 Heparin: 5%

Hypertonic saline544

(1 RCT)
59 — Heparin: 10%

30% citrate528

(1 RCT)
291 (0.13-0.36) Heparin:

4.1 per 1,000

46.7% citrate526

(1 RCT)
232 — 46.7% citrate

0.7 per 1,000

Abbreviations: CRBSI, catheter-related bloodstream infection; EDTA, et
controlled trial; TPA, tissue plasminogen activator.
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cefotaxime, vancomycin, linezolid, vancomycin p
gentamicin, cefazolin plus gentamicin, cotrimoxaz
(TMP-SMX), minocycline, or antimicrobial CVC lock
lutions (taurolidine, 30% citrate, ethanol, EDTA, me
lene blue). Most of these (fairly short-term) studies h
demonstrated a substantially lower frequency of C
with an antibiotic or antimicrobial lock solutio
compared with an anticoagulant lock solution (such
heparin) (Table 24.1). It is also evident that, in gener
the reduction of CRBSI with an antibiotic or antimicro
lock solution was greatest in studies that observed a
tively high CRBSI rate in the control (anticoagulant-
lock) group.
Catheter Lock Solutions on CRBSI: Summary of Randomized Clinical Trials

Incidence of CRBSI (95 % CI)
Quality of
Evidence

electively for CRBSI Prophylaxis

ntibiotic: 67.5% With cefotaxime: 23.6% Moderate

ntibiotic: 22.1% With gentamicin: 4.0% (1.5-
10.2)

Moderate

13% Weekly TPA: 5% Moderate

ntibiotic: 4.4 per
s

With antibiotic: 0.58 per
1,000 days

Low

0.82 per 1,000 days Methylene blue% 0.24 per
1,000 days

Low

e, Cannot Be Recommended (below)

5% Taurolidine/citrate: 10.5% (4.3%-26.7%) Low

iotic:
days

With vancomycin: 1.2 per 1,000 days
With linezolid: 0 per 1,000 days

Very low

iotic:
days

With antibiotic: 0.7 per 1,000 days Very low

iotic: 29.3% With cefazolin: 17.0% (9.4%-30.5%) Very low

iotic:
0 days

With antibiotic: 0.44 per 1,000 days Very low

iotic:
days

With antibiotic: 1.1 per 1,000 days Not reviewed
by ERT

0 days
EDTA:
0.14 per 1,000 days

Very low

Ethanol/heparin: 4% Very low

Ethanol/citrate: 0% Very low

Hypertonic saline: 15% Very low

days
30% citrate:
1.1 per 1,000 days

Not reviewed
by ERT

:
days

Heparin:
0.7 per 1,000 days

Not reviewed
by ERT

hylenediaminetetraacetic acid; ERT, evidence review team; RCT, randomized
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Study name Statistics for each study Events / Total Risk ratio and 95% CI

Risk Lower Upper 
ratio limit limit Cefotaxime Heparin

Saxena 2012 1.99 1.36 2.91 33 / 41 19 / 47

Mortazavi 2011 3.44 1.57 7.58 15 / 15 4 / 15

Saxena 2006 diabetic 2.63 1.68 4.12 37 / 51 16 / 58

Saxena 2006 elderly 2.14 1.42 3.23 40 / 59 19 / 60

0.1 0.2 0.5 1 2 5 10

Favors Heparin Favors Cefotaxime

Meta Analysis

Figure 24.1. Catheter infection-free survival. Abbreviation: CI, con� dence interval.

Guideline 24: Prevention of CVC-Related Infection
Antibiotic locking agents that had at least mode
evidence for prophylaxis against CRI are discussed
following sections.

Cefotaxime. Overall CVC-related infections (includ
CRBSI) based on survival time were signiÞcantly l
with cefotaxime locks compared with heparin locks
tunneled CVCs.578 Four RCTs compared cefotaxime
mg/mL) and heparin (5,000 U/mL) locks to hepar
(5,000 U/mL) alone578-582; of these, 3 speciÞcally ind
cated use of tunneled, cuffed CVC (N= 30579 to more than
100,581,582 with follow-up of 2-12 months). Total samp
size could not be determined because of uncertainty a
overlap in the separate reporting of the elderly and dia
populations. The fourth study (n= 208) enrolled those
with nontunneled temporary catheters (NT-CVC).580

Two studies reported that CRBSI related mortality
lower in the cefotaxime lock groups compared with
heparin lock groups. The difference was not statisti
signiÞcant in 1 study (10% vs 21%; OR, 0.43; 95%
0.18-1.03).578 In the other study, it was statistically s
niÞcant for the elderly group (12% vs 31%; OR, 0.31; 9
CI 0.12-0.81)582 but not the diabetic group (10% vs 23%
OR, 0.37; 95% CI, 0.12-1.17).581

The range of CRBSI rates in both the control
cefotaxime groups were relatively wide,578 although
similarly observed in the studies of elderly (1.7 per 1,
CVC days [cefotaxime] vs 3.6 per 1,000 CVC days
arin]) and diabetic (1.6/1,000 CVC days [cefotaxime]
3.7/1,000 CVC days [heparin])581,582 participants
Infection-free survival was found to be signiÞcantly hig
in the cefotaxime lock groups compared with the hep
lock groups (Fig 24.1).

In the study of temporary NT-CVC, the CRBSI rate
also signiÞcantly lower in the cefotaxime lock group (1
1,000 CVC days [cefotaxime] vs 3.1/1,000 CVC d
[heparin]).580 This study also reported CRBSI rates by
location580 and found CRBSI rates for femoral vein C
(2.16 vs 5.78/1,000 CVC days;P = 0.0001), subclavian
vein CVCs (1.16 vs 2.43/1,000 CVC days;P= 0.046), and
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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internal jugular vein CVCs (1.62 vs 3.25/1,000 CVC d
P= 0.036) to be lower in those receiving cefotaxime.

See the tables in this section for study quality of
dence and bias.578-582

Gentamicin. The incidence of CRI was lower in t
gentamicin/anticoagulant locks compared with hep
locks.

4 RCTs583-586 and 3 observational studies587-589 evalu-
ated gentamicin combined with an anticoagulant loc
anticoagulant locks alone for prevention
CRI.583,585,586,590 One of the studies also compa
gentamicin to minocycline/EDTA585 and the other to
taurolidine534 (Table 24.1)

The 4 RCTs enrolled a total of 555 (range, 41-3
participants, and follow-up periods in total CVC d
ranged from less than 3,300 in 2 trials,583,585 approxi-
mately 18,000 in 1 trial,586 and nearly 40,000 in 1 trial.590

Two trials were conducted in the United Kingdom,583,590

1 in the United States,585 and 1 in China.586 Three trials
compared gentamicin 4 or 5 mg/mL in either 3% c
rate585 or heparin only (5,000-5,500 U/mL) locks t
heparin (5,000-5,500 U/mL) locks.583,585,586 One trial
(n = 303) compared lower-concentration gentamicin 3
� g/mL in 4% citrate lock to lower concentration hepa
1,000 U/mL lock.590

Overall, the 4 RCTS showed a signiÞcant reducti
the incidence of CRBSI in the gentamicin/anticoagu
group versus the heparin group (RR, 0.18; 95% CI, 0
0.46]).583,585,586,590 There were no signiÞcant differen
between treatment groups in the incidence of exit
infections.585,586,590

Harms associated with preventive procedures
sporadically reported, and events were few (Supplement 3
Table S244).

Cotrimoxazole (TMP-SMX). A single RCT enrolle
patients with prevalent subclavian (tunneled) CVC
compared cotrimoxazole (trimethoprim-sulfamethoxa
[TMP-SMX]) (10 mg/mL) and heparin (2,500 U/mL
lock to heparin (2,500 U/mL) lock alone.591 Median
S125
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Guideline 24: Prevention of CVC-Related Infection
duration of dialysis was 45 days in the intervention gr
and 31 days in the control group, with a follow-up of 6
12 months.

CRBSI occurred in 4% of the cotrimoxazole gr
(0.58/1,000 CVC days) and 27% of the heparin gro
(4.4/1,000 CVC days) (P = 0.002). Cumulative CRBS
free survival by 365 days was signiÞcantly highe
the cotrimoxazole group (77%) compared with
heparin group (47%) (P = 0.02). There were no CRBS
related deaths. Two of 41 participants (5%) in
heparin-only group were hospitalized after detectionS
aureusresistant to cotrimoxazole. There were no adv
reactions due to the cotrimoxazole lock solution.

Weekly TPA Locks. A Canadian, multisite, doubl
blind RCT (N = 225 patients) of incident CV
compared TPA lock once weekly (1 mg per C
lumen) and heparin lock (5,000 units/mL) twic
weekly versus heparin lock thrice weekly. During
month follow-up, deÞnite or probable CRBSI occu
at approximately one third of the rate in the patie
receiving weekly TPA locks as compared to stan
heparin locks (4.5% vs 13%). The frequency of CR
was 0.40 and 1.37 per 1,000 CVC-days, respectiv

Methylene Blue Locks. A multicenter US open-lab
RCT (N = 407) compared a lock solution containi
0.15% methylene blue, 0.15% methylparaben, and
sodium citrate to standard heparin locks (5,000 un
mL).592 Patients were followed for 6 months for a to
of 49,565 CVC-days. The occurrence of CRBSI
signiÞcantly lower in the methylene blue group than
the heparin group (0.24 vs 0.82/1,000 CVC-days;P =
0.005). There was no difference in interventions
restore CVC patency between groups (16.4 vs 14
P = 0.38). Of note, after review and retraining of b
practices in establishing a baseline practice for
conduct of this study, the control group achieved a
rate of CRBSI of 0.8 episodes/1,000 CVC days.

Tables of studies, evidence quality, and risks of bia
this section are provided inSupplement 3, Tables S17,
S181, S237-S239, andS240-S251.
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Special Discussions
Several RCTs have found that the use of prophy
antibiotic or antimicrobial locks reduces the freque
of CRBSI, as compared to conventional anticoag
locks alone. From that perspective, this approach s
attractive. However, there areseveral concerns. First,
aliquot of the intraluminal CVC lock solution invaria
leaks into the systemic circulation and may c
toxicity. For example, concentrated gentamicin lo
resulted in ototoxicity in a subset of patients in
study.609 Similarly, 30% citrate may cause symptom
hypocalcemia, as manifested by paresthesia in 15
patients in 1 study.526 More importantly, the Work
Group committee members were concerned about
potential of long-term prophylactic antibiotic loc
S126
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leading to antibiotic-resistant infections. There
conßicting reports about the potential of prophyla
gentamicin locks to select for infection with resis
bacteria during prolonged use. Landry et al610 docu-
mented this possibility, but 2 other large studies did
observe such a complication.584,589

The considered use of antibiotic locks is limited
high-risk patients as deÞned by the high-risk gro
studied in the trials reviewed by the ERT; that is,
tients with prior multiple CRBSI andS aureusnasal car
riage; other potential high-risk patients have not b
deÞned. The facility threshold for use of an intralum
prophylactic strategy has not been validated and
discussed at length by the Work Group. The W
Group came to a consensus of a baseline CRBS
of � 3.5/1,000 CVC days based on prior literature,
tential resource implications, and the Þnding that h
rates of CRBSI can and should be reduced Þrst
retraining and use of best CVC care practices
infection control.579,592,611

Implementation Considerations
The potential concern about selection for antibio
resistant infections makes the Work Group comm
reluctant to recommend antibiotic lock solutions acros
board. Thus, our recommendation is to use prophyla
antibiotic locks in those scenarios where the beneÞt
weighs the potential risk, namely, patients at high risk
CRBSI or units with high rates of CRBSI. These w
include patients at high risk of CRSBI (eg, multiple p
CRSBI and persistent,S aureusnasal carriers) or facilitie
with high rates of CRBSI (eg,>3.5/1,000 days). Use o
nonantibiotic antimicrobial CVC solutions may be a
perior option, due to the low likelihood of selecting f
antibiotic-resistant infections.

The RCT using methylene blue highlighted that
view, retraining, and implementation of best CVC
practices can achieve a low baseline CRBSI (0.8
sodes/1,000 CVC days),612 emphasizing that use of a
lock prophylaxis should be used only in facilities
baseline risk of CRBSI even after the implementatio
and infection control practices.

Future Research

� Determine and validate patients at high risk of CR
despite conÞrmed excellent CVC care and infe
control practices.

� Effect of risk stratiÞcation of patients at high risk
CRBSI and their prophylactic management of C
including strategies that involve extraluminal (eg,
site) and intraluminal antimicrobial prophylactic car

� It is unclear whether prophylactic strategies shoul
targeted to patients, facilities, or both at high risk
CRBSI; considerations of the effect of widespread
phylactic use of antibiotics and the potential emerg
of antibiotic-resistant organisms affecting not only
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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Guideline 25. Treatment of CVC-Related Infection
patient level but also the facility level must be con
ered and rigorously studied.

Guideline 25. Treatment of CVC-Related Infection
Please refer toBox 1to understand the evidence basis
the Guideline Statements.

Note: When a statement indicates that ÒThere is i
for KDOQI to make a recommendationÓ, the Work G
any recommendation, suggestion or other evidence
either direction) based on the very low, low or inad
evidence amassed by the ERT.

Statement: Management of the Patient With a CVC-
Related Infection

25.1 KDOQI considers it reasonable and necessary
obtain appropriate cultures prior to initiating
empiric antibiotics for the treatment of suspected
CVC-related infection, with a change in antibi-
otics according to culture sensitivities.(Expert
Opinion)

Note: See Rationale and Detailed JustiÞcation s
detailed guidance.

Statement: Management of the CVC in a Patient
With a CVC-Related Infection

25.2 KDOQI considers it reasonable to have an ind
vidualized approach to the management of a
infected catheter based on the patientÕs hea
dialysis, and vascular access circumstances
should follow the detailed guidance. Options
include CVC exchange via guidewire, CVC remov
and reinsertion, CVC salvage, and concurre
antibiotic lock (particularly if the CVC is deemed
to be the patientÕs Þnal access).(Expert Opinion)

Note: See Rationale and Detailed JustiÞcation s
guidance.
Þ
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Rationale and Detailed Justi � cation
CVC-related infections and bacteremia are a signi
cause of morbidity and mortality for HD patients. C
related infections include exit site infections, infect
of the tunnel track, and bacteremia. Bacteremia is the
signiÞcant complication because it has the potential to
to life-threatening sepsis and serious complications,
as endocarditis. The common clinical features of
infection include fever or chills, hemodynamic instabi
CVC dysfunction, hypothermia, nausea and vomiting,
generalized malaise.572,613,614 Treatment of the 3 mai
types of CVC-related infection—exit site infection, tunne
infections, and CVC-related bacteremia—requires carefu
consideration on how to (1) treat the patient and
manage the CVC.
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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Please seeGuideline 23for deÞnitions of CVC-relate
infections. Treatment of each type of CVC-related i
tion must consider local infection control practices an
inßuence on organism patterns, cultures, and sensitiv
Properly collected cultures must be obtained before
ating empiric antibiotic treatment for all types of CV
related infections to properly treat the infection a
avoid antibiotic resistance.

Exit Site Infections
If drainage is present from the exit site, cultures sh
be obtained before initiation of antibiotics.572 If there
are signs or symptoms or other concern of syste
infection, blood cultures should also be obtain
Empiric antibiotic treatmentshould cover Gram-positiv
organisms and be further modiÞed once culture
sensitivity results are Þnalized.572 Duration of treatmen
for exit site infections typically range between 7 and
days.572

CVC management of exit site infections:This typically
does not require removal; however, this depends on
infecting organism and the response to antibiotic ther

Tunnel Infections
When CVC tunnel infections are present, cultures
drainage from the tunnel or exit site and blood cultu
from the CVC need to be obtained.572 After attainment o
the appropriate cultures, empiric antibiotics should
initiated to target both Gram-positive and Gram-nega
organisms.572 Antibiotics should be modiÞed once c
ture and sensitivity results are available. The typical
ment duration for CVC tunnel infections is 10 to 14 d
in the absence of concurrent bacteremia.572 If CVC-related
bacteremia is also present, the duration of treatm
should be dictated by the management strategy fo
CVC-related bacteremia.572

CVC management of tunnel infections:If the tunnel
infection is not effectively treated with antibioti
consider CVC exchange with a new subcutaneous tun
preserve the venous access site.615 If not possible, the CV
should be removed and a new CVC placed at a new
site.572

CRSBI or Bacteremia
Patients with suspected CRBSI should have blood c
obtained from the CVC and peripheral source (dia
circuit ± peripheral veins;Guideline 23). Broad-spectrum
antibiotics that treat both Gram-positive and Gr
negative organisms should be initiated immediately572

Due to the high prevalence of methicillin-resistanS
aureus, empiric therapy should include coverage
methicillin-resistantS aureus318 but should also be guide
by the local infection rates, antibiotic sensitivities,
dialysis center policies. Once the Þnal organism and
sitivities are identiÞed, patients should receive long-
antibiotic treatment, according to the CDC or ID
guidelines, for 4 to 6 weeks for uncomplicatedS aureus, 7 to
S127
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Figure 25.1. Algorithm for CVC-related infection. Special consideration: if the CVC must be salvaged (eg, no other option, embedded, etc), anti-
biotic lock with concurrent systemic antibiotic may be considered.*If appropriate—that is, no purulence or other signs of infection at exit site or tunnel
if exchanging over same site. For tunnel infections, if there is purulence or other signs of infection at exit site or tunnel, exchange may be possible over
new noninvolved insertion site using the same side to preserve access. Abbreviation: CVC, central venous catheter.

Guideline 25. Treatment of CVC-Related Infection
14 days for Gram-negative bacilli or enterococcus, a
minimum of 14 days withCandidaspecies319 (Fig 25.1).

CVC management of CRBSI:There are 4 main option
that involve removing the CVC or retaining the CVC
follows:

Removing the CVC:
1. CVC removal with CVC exchange over a guidew

the same site
2. CVC removal with new CVC replaced at a new

(± ÒCVC freeÓ duration [whereby the patient h
period when there is no CVC in-situ] with insertion o
temporary CVC as needed for dialysis).
Several situations necessitate the latter option of i

mediate CVC removal with delayed CVC
placement318,572:

a. Clinically and hemodynamically unstable patien
b. Persistent fever 48 to 72 after initiation of syste

antibiotics
c. Persistent bacteremia 48 to 72 hours after initia

antibiotics
d. Metastatic complications, including suppura

thrombophlebitis, endocarditis
e. Infections due toS aureus, Pseudomonas aeruginos, fungi,

or mycobacteria
f. Presence of a tunnel-site infection616
S128
Note: In uncuffed, temporary CVC, CRBSI due t
bacilli, S aureus, enterococci, fungi, and myco
CVC removal.
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At the time of CVC removal, evaluation for the pres
of Þbrin sheath (presumably with infected bioÞlm) a
Þbrin sheath disruption can be performed (Guideline
Statement 26.3).

Retaining the CVC:
1. Retain CVC and use antibiotic CVC lock
2. Retain CVC without use of antibiotic CVC lock

Antibiotic locks with concurrent systemic antibio
may be an alternative treatment strategy to preserv
CVC. Although there are no RCTs evaluating the ro
antibiotic CVC locks in the treatment of CRBSI, there
been several observational studies demonstrating er
tion of bacteremia with antibiotic locks in conjuncti
with systemic antibiotics compared to CVC exchang
removal in conjunction with system
antibiotics.572,617,618

Although the best management of CVC-related
fections is to avoid them altogether, it is very unlikely
CVC can be completely eliminated, because 80% o
tients initiate HD with a CVC.516 Thus, there are seve
core interventions recommended by the CDC that KD
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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Table 26.1. Signs and Symptoms (Clinical Indicators) of Central Venous
Stenosis

Timing of
Occurrence Sign or Symptom Comments

Early signs and
symptoms

Swelling Typically asymmetric, affecting
the hands and arms

Pain Pain that can be attributed to
central venous stenosis/
occlusion, such as aching and
heaviness of an extremity, when
other causes have been
excluded

Cutaneous
� ndings

Venous collaterals
Skin discoloration (red, purple, or
blue discoloration)

Late signs and
symptoms

Swelling More widespread, affecting the
arms, head, neck, or trunk
(including breasts)
Swelling may be unilateral,
bilateral, or involve only the head,
face, and neck.

Pain Persistent pain attributed to
central venous stenosis/
occlusion (eg, persistent aching,
chest or extremity heaviness)

Guideline 26. Other Vascular Access-Related Complications
endorses that can be useful to decrease infection rat
complications in patients requiring dialysis with a C
and these are covered inGuidelines 24 and 25. These core
interventions include572 (1) infection surveillance an
feedback, (2) strictly following proper hand hygie
practices, (3) strictly following proper CVC/vascular
cess care protocols, (4) staff education and compet
(5) patient education and engagement, (6) CVC reduc
efforts, (7) chlorohexidine for skin antisepsis, (8) C
hub disinfection, and (9) antimicrobial ointment.

Multidisciplinary team surveillance and manageme
CVC-related infections has been demonstrated to r
infections and improve outcomes in hemodialysis pat
who require a CVC for dialysis access.309,324

Future Research

� Clinical sequelae of disrupting a Þbrin sheath in pat
with CRBSI requires further study.

� Prospective studies comparing treatment of CRBSI
antibiotic locks in conjunction with systemic antibiot
versus CVC exchange or removal in conjunction
systemic antibiotics is needed.
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Cutaneous
� ndings

Venous collaterals
Skin discoloration (red, purple, or
blue discoloration; chronic
pigmentation changes)
Lymphatic blistering or weeping
Stasis ulcers
Phlebitis
Infection (cellulitis, cannulation
site abscess)
Nonhealing wounds or incisions

Respiratory
compromise

Hoarse voice and/or respiratory
distress from laryngeal edema,
pleural effusion, or chest (or
breast) swelling that can cause
restrictive pulmonary
compromise

Neurologic
symptoms

Visual or auditory disturbances,
exophthalmos, cognitive
disabilities, headaches, or
seizures when other causes have
been excluded
Guideline 26. Other Vascular Access-Related
Complications
Please refer toBox 1to understand the evidence basis
the Guideline Statements.

Note: When a statement indicates that ÒThere is i
for KDOQI to make a recommendation,Ó the Work G
any recommendation, suggestion, or other evidence
either direction) based on the very low, low, or inad
evidence amassed by the ERT.

Statement: Treatment and Intervention of
Asymptomatic Central Venous Stenosis Without
Clinical Indicators

26.1 KDOQI considers it reasonable that ifasymptoma
central venous stenosis (without clinical in-
dicators) is identiÞed and/or associated with
the prior or current presence of a CVC, it should
not be treated.(Expert Opinion)

SeeTable 26.1for clinical indicators of central venous

Rationale/Background
Stenoses or occlusions in the major intrathoracic vein
central veins—internal jugular, subclavian, brachioc
phalic, superior vena cava) can compromise AV a
function and lead to ineffective dialysis. These lesion
also lead to marked venous hypertension due to
increased ßow associated with the AVF with seq
ranging from mild to severe symptoms (ie, positive clin
indicators) as characterized by varicosities, arm ed
dermatosclerosis, ulceration, and superior vena cava
drome (Table 26.1and Fig 26.1). Female patients ca
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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(ie,
-
cess
can
the
elae
al
ma,
syn-

occasionally present with ipsilateral breast edema des
normal or only moderately swollen extremity. These
notic lesions can lead to clinical signs and symptoms
as prolonged bleeding after removal of the dialysis
nulas and/or elevated venous pressures during ro
monitoring with high AV access recirculation. Central
stenoses (CVS) or occlusions have been reported to
in up to 5% to 50% of cases237,619-622 and represent th
Achilles heel of maintaining or creating a functional
access. They can preclude the placement of an ipsi
AV access and likely account for the leading etiolog
complex or tertiary AV access problems.

The central vein lesions are likely caused by an i
injury to the vascular endothelium that precipitates a
S129
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Figure 26.1. Physical� ndings of central venous stenosis. (A) Venous collaterals evident on the chest and neck. (B) Asymmetric extremities due to
venous congestion and arm swelling from central venous stenosis.

Guideline 26. Other Vascular Access-Related Complications
inßammatory response that leads to Þbrosis. A varie
factors have been shown to compound or exacerbat
various steps of this process, including deep ve
thromboses, intravascular CVC, cardiac rhythm de
(eg, pacemakers), and HD AV accesses thems
Peripherally inserted central catheters (ie, PICCs)
been reported to cause a CVS or occlusion in up to 7
cases, whereas subclavian catheters have been repo
cause these lesions in up to 50% of cases.266 Even appro
priately positioned (ie, internal jugular inserted) CVCs
lead to CVS and/or occlusions within a relatively b
period of time. The true incidence of CVC-induced C
occlusion is unknown. If CVS is incidentally identiÞed
angiographic assessment without clinical symptoms,
unknown what the natural history of the stenosis is o
time. However, overall, CVS/occlusions may represen
worst of the CVC-related complications, underscoring
importance of limiting their use.

Indeed, angioplasty for asymptomatic stenosis is
ciated with a more rapid progression to symptom
stenosis623,624 and should therefore be avoided unl
there is a clinical indication to perform an angioplasty
patients with symptomatic CVS/occlusion, prim
patency with angioplasty or angioplasty with stentin
very poor.2 Although stent grafts have demonstra
improved patency in peripheral stenosis, outcomes
central lesions are uncertain based on small retrosp
studies.

The current Guidelines differ from prior KDO
guidelines as they recommended treatment of CVS
PTA but without clarity regarding whether clinical sym
toms were also present as an indication for interven
Stent placement was recommended for (1) acute e
recoil of>50% or (2) stenosis recurrence within 3 mont
Elastic recoil itself has been poorly deÞned.

Detailed Justi � cation
In 2 retrospective studies that assessed central vein p
in patients with asymptomatic versus symptomatic
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both studies recommended against intervention
asymptomatic stenosis. The Þrst study excluded pa
with CVCs but found that treatment of asymptomatic
greater than 50% in the setting of HD access mainte
procedures was associated with more rapid stenosis
gression and escalation of lesions, compared wi
nontreatment approach.623 In the second study, prima
central vein patency at 12, 24, and 36 months
asymptomatic/pauci-symptomatic patients and sympt
atic patients with CVS were 77%± 6% versus 55%± 9%,
71%± 7% versus 35%± 9%, and 67%± 7% versus 18%±
9%, respectively (P= 0.002).624

Angioplasty and/or angioplasty and stenting for C
are associated with relatively poor patency. In 1 re
spective study, primary patency of 76% was equiv
for angioplasty or angioplasty with stenting at 30 d
with 12-month rates of 29% for angioplasty and 21%
stenting.2 However, in another retrospective study in
patients without CVCs, primary patency (time fr
intervention to next intervention) was 24.5 months
the angioplasty group and 13.4 months in the s
group.625
is
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Special Discussions
The Work Group discussed the signs and symptoms
may require conÞrmatory diagnosis and intervent
including

� Ipsilateral facial, neck, breast or extremity swe
(without other cause)

� Repeated thrombosis of an upper arm access i
absence of other causes within 6 months

� Pain in the extremity related to venous obstruction
� Neurologic symptoms in the absence of other etiolo
� Venous pressure is highly variable and dependen

many patient and HD factors and their interacti
Therefore, intervention should not be based solel
venous pressure, but other signs and symptoms s
be present as well.
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Future Research

� Understanding the natural history of CVS
� Prospective studies on intervention of symptomatic
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Statement: Investigation and Treatment of
Symptomatic Central Venous Stenosis With Clinical
Indicators

26.2 Same as guidelines for ÒAV Access Flow D
function–ConÞrmation And TreatmentÓ

SeeGuideline 15. SeeTable 26.1for clinical indicators of c
venous stenosis.
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Rationale/Background
As discussed for asymptomatic central venous steno

Detailed Justi � cation
Close routine clinical monitoring will detect signs a
symptoms suggestive of clinically signiÞcant CVS
venous hypertension (Guidelines 11and13). The culprit
lesion can usually be conÞrmed with catheter-based
CT venography, given the limitations of ultrasound in
thoracic cavity. CT venography offers the advantag
being noninvasive and the potential to image all 4
tremities at the same time, although the timing of
contrast injection and image acquisition can
challenging.

Patients with mild symptoms can improve over t
with the development of collaterals, and it is not unco
mon to see patients with a functional AV access and n
edema despite a CVS/occlusion.626 Intervention is no
indicated for asymptomatic lesions or those assoc
with minimal symptoms624 (Guideline 13).

The treatment indications for CVS/occlusions inc
persistent moderate/severe clinical signs and symp
(Guideline 13) and/or related ineffective dialysis. It
relatively common for patients to develop some
edema after AV access construction, likely related t
operative trauma and mild venous hypertension.
usually resolves in the Þrst 2 to 6 weeks postopera
with the resolution of the inßammation from the surgi
trauma and the development of venous collaterals.

The endovascular approach with balloon angioplas
the Þrst line of treatment for these symptomatic CVS
clusions. Intraluminal stenting is reserved for angiop
failures. Although the early technical success rates f
endovascular treatment are excellent and can e
90%,266 the longer-term 6- and 12-month primary paten
is poor, at 50% and 25%, respectively.627-629Notably, Yan
et al630 reported that balloon angioplasty of the central
lesions had little impact on the AV access ßow, althou
was effective in relieving the symptoms. Intralum
stenting should be reserved for recurrent stenosis, give
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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uncertainty of outcomes.266,629 Indeed, stents should b
used with caution (or avoided altogether) in the region
the thoracic outlet due to the potential for extrin
compression and stent fracture from the overlying s
tures. Placing stents over pacer wires can complicate
removal. Thus, pacer wires can be removed (and the
re-sited) prior tothe placement of an intraluminal ste
however, it may be simpler to create another AV acce
the contralateral extremity (if possible), particularly gi
that the sclerotic lesions associated with the pacer wire
to be refractory to balloon angioplasty.

Covered stents afford some theoretical appeal be
the intimal hyperplasia does not develop within
covered segment, although it can develop at the prox
and distal ends of the stent. Furthermore, the cov
component of the stent can inadvertently cover or Ò
important collaterals or the major central veins (eg,
ternal jugular). Caution must be exercised when u
intraluminal stents. A careful tiered approach for de n
and recurrent lesions progressing from balloon angiop
to bare metal stents followed by covered stents shou
considered in the context of the patientÕs Life-Plan a
vascular access contingency and successions plans.629

There are a variety of open surgical options for pat
with CVS/occlusions associated with their vascular a
However, these are considered secondary or tertiary op
and are largely dictated by the anatomy in terms of ava
patent inßow and outßow veins. Potential options includ
axillary-jugular bypass, axillary-axillary bypass, axil
femoral bypass, axillary-atrial bypass, or the jugular
turndown procedure.631,632 Alternatively, associate
venous hypertension may be reduced by limiting the
through the AV access by using some variant of a band
ßow-limiting procedure (Guideline 18).

The Hemoaccess Reliable Outßow (HeRO) Vas
Access Device (Hemosphere, Inc) can be used as a
alternative (ie, combination endovascular/open surg
approach) access once the occlusion is bypassed.633 The
HeRO graft is a 6 mm (inner diameter) PTFE graft th
coupled to a 19 Fr (outer diameter) CVC. Although t
cally used as a new AV access conÞguration, the
graft can be used in combination with an existing AV
AVG to provide the Òcentral vein runoff,Ó provided
the delivery sheath for the CVC can be passed throug
lesion.633,634

Statement: Management of CVC Fibrin Sheath
Associated With Clinical Problems

26.3 KDOQI considers it reasonable that when a CV
Þbrin sheath is associated with adverse clinic
manifestations (CVC dysfunction and/or infec-
tion), a CVC exchange with or without balloon
disruption of the Þbrin sheath should be per-
formed. (Expert Opinion)
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Guideline 26. Other Vascular Access-Related Complications
Rationale/Background
Fibrin sheaths are a known cause of CVC dysfunctio
infection that cannot be treated with thrombolytic ther
alone. CVC exchange alone or exchange with ba
disruption likely results in disruption of the Þbr
sheath.635,636 The Þbrin sheath is composed of smo
muscle cells and vascularized connective tissue that
nates at the venotomy site and grows along the CVC.561,637

Once growth extends to the tip of the CVC, the sheath
as a valve, interrupting aspiration of blood from the C
but not return of blood through the CVC. Beca
thrombolytics dissolve acute clot (<14 days) and not tis
sue, they are ineffective against Þbrin sheaths. Also,
sheaths can harbor bacteria. A prior typical manage
strategy for suspected CRBSI is to remove the CVC, w
to 72 hours, and reinsert a new CVC. The presence
infected Þbrin sheath and its consequences was ofte
considered in the setting of CRBSI. Disrupting the Þ
sheath may eliminate CRBSI and has been shown
increase bacteremia rates564; thus, its disruption may ass
in eliminating a source of recurrent infection.

The prior 2006 KDOQI guideline stated that a Þ
sheath causing CVC malfunction can be treated with
exchange with or without balloon disruption. No sta
ment was made in the prior guidelines regarding
rupting Þbrin sheaths to prevent or treat bacteremia.

Detailed Justi � cation
In a randomized prospective pilot study, 47 long-term
patients with secondary, refractory CVC dysfunction
derwent guidewire exchange to replace their CVCs. F
sheaths were present in 33 (70%) of the 47 patients. I
patients who were randomly assigned to disruption,
median time to repeat dysfunction was 373 days comp
with 97.5 days in patients who did not undergo disrupt
(P= 0.22), and the median time to repeat CVC excha
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was 411 and 198 days, respectively (P= 0.17). Although
signiÞcance was not obtained due to the small sample
the study highlighted a high incidence of Þbrin she
and a trend toward improved function with ballo
disruption.560 Another study found the incidence of Þb
sheath formation for dysfunctional CVCs to be 76%.638

In an animal study assessing whether Þbrin sh
presence results in increased CVC-related infectio
persistent bacteremia, the Þbrin sheath group exhibi
50% infection rate versus 0% in the no Þbrin group (P<
0.01).639 There is no comparable published study
humans.

Special Discussions
There is very limited literature on Þbrin sheaths and
impact in HD patients. The current data are comprise
small series, mostly retrospective in nature. Thou
regarding bacteremia are anecdotal. The Work Grou
knowledges that our suggestion of considering bal
disruption is based on limited data.

Implementation Considerations
Clinicians should carefully consider and balance a
crease in intervention rate and potential complicat
with balloon angioplasty compared with simple C
exchange.

Future Research

� RCTs comparing thrombolytics versus catheter
change versus catheter exchange with Þbrin s
disruption would be highly beneÞcial and needed

� The associations of Þbrin sheath incidence with C
and impact of disruption and antibiotics versus an
otics alone on CVC malfunction and infection
important to investigate and deÞne
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020



KDOQI Vascular Access Guidelines Goals and Targets
KDOQI VASCULAR ACCESS GUIDELINES GOALS AND TARGETS
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Targets are clinical metrics or thresholds that can be
in tracking provider performance measurement.

Overarching Goal:to achieve reliable, functionin
complication-free dialysis access to provide presc
dialysis while preserving future dialysis access site
tions as required by the individual patientÕs ESKD
Plan.
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Rationale for Targets

1. Establish and Document the Patient ’s P-L-A-N
The concept and rationale for the ESKD Life-Plan is de
in Guideline 1. A template example is given inSupplemen
2. The ESKD Life-Plan should be determined with
patient and interdisciplinary team and reviewed on
annual basis. Such an approach is consistent with C
for Medicare & Medicaid Services conditions of cove
Patient Assessment ruling 494.80 and Patient Plan o
494.90. Section 494.80 states that a facilityÕs inter
plinary team is responsible for providing each patient
an individualized and comprehensive patient assessm
his or her needs. Section 494.90(a) states that a fac
interdisciplinaryteam must develop and implement a
vidualized comprehensive plan of carethat meets all of th
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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requirements ofx494.90. The comprehensive plan m
be documented and maintained in the patientÕs reco

In particular, subsections 8 and 9 of condition 494
indicate that the following should be speciÞcally do
consistent with the philosophy of these guidelines
obtaining Òthe right access, in the right patient, at the
time, for the right reasonsÓ by using an individualized
A-N, as follows:

(9) Evaluation of the patientÕs abilities, interests,
erences, and goals, including the desired leve
participation in the dialysis care process;
preferred modality (hemodialysis or periton
dialysis), and setting, (for example, home dialys
and the patientÕs expectations for care outcom

(8) Evaluation of dialysis access type and mainten
(for example, arteriovenous Þstulas, arteriove
grafts, and peritoneal catheters).

Furthermore, subsection 5 of condition 494.80
dicates the following:

(5) Vascular access.The interdisciplinary team must pr
vide vascular access monitoring and appropr
timely referrals to achieve and sustain vascular a
S133
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KDOQI Vascular Access Guidelines Goals and Targets
The hemodialysis patient must be evaluated fo
appropriate vascular access type, taking into co
eration co-morbid conditions, other risk factors, a
whether the patient is apotential candidatefor AVF
placement. The patientÕs vascular access m
monitored to prevent access failure, includ
monitoring of AVG and AVF for symptoms
stenosis.

In terms of implementing the ESKD Life-Plan,
conditions of coverage stipulate the following:

Standard: Implementation of the patient plan of ca.

(1) The patientÕs plan of care must—
(i) Be completed by the interdisciplinary team,

including the patient if the patient desires; and
(ii) Be signed by team members, including the pat

or the patientÕs designee; or, if the patient cho
not to sign the plan of care, this choice must be
documented on the plan of care, along with the
reason the signature was not provided.

These speciÞcations in the Centers for Medica
Medicaid Services conditions of coverage are in align
with the current 2019 KDOQI guideline.

2. Intervention Goal for AV Access
AV access interventions are often necessary to facilitan
AV access for it to be usable for dialysis and/or to main
its patency and use. However, unnecessary interve
can lead to reductions in patient quality (eg, discomf
pain, inconvenience) and increased costs to the healt
system. Currently, there is no guidance regarding i
vention thresholds over which a patient and care t
should consider alternate vascular access options, b
should be included as part of the vascular access c
gency plan (ie, how many interventions should a pat
tolerate before abandoning the current AV access)
only exception to limiting repeated interventions bey
the suggested thresholds is if the AV access is the pa
ÒdestinationÓ vascular access (ie, no other AV acc
tions are feasible), and heroic attempts may be requir
continue its prolonged use.

The thresholds for interventions to facilitate
maintain AV access use are based on available data fr
current literature (Box 3). Furthermore, greater in
terventions to either facilitate or maintain an AVF have
demonstrated superior survival compared with AV acc
with fewer interventions.640,641

3. CRBSI Goal for Central Venous Catheters
The 2 most signiÞcant complications of CVC use are
dysfunction (Guidelines 21and 22) and CVC-relate
infection, especially CRBSI (Guidelines 23-25). Although
CVC dysfunction may be frequently inconveniencin
the patient due to necessary medical or intervent
treatment, it is infrequently life threatening. On the ot
hand, CRBSI pose signiÞcant risks to patient morbidit
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mortality. Although the 2019 KDOQI guidelineÕs P-L
permits an individualized approach to vascular a
choice and use of CVC under speciÞc circumstance
critical that, should a CVC be the appropriate vascul
cess for a patient, processes are followed to limit the r
CVC related infections, particularly CRBSI (Guidelines 11,
21, 24, and 25). Evidence clearly demonstrates
prophylactic measures can signiÞcantly reduce
infection rates, and national data demonstrates that a
CRBSI rate of 1.5 or fewer infections/1,000 CVC da
possible.

Such data are derived from a national data
CROWNWEB, which is reported to the National Hea
care Safety Network. Each dialysis facility tracks HD-r
bloodstream infections that are submitted on a mon
basis, reviewed by the National Healthcare Safety Ne
and CDC (CDC is the measure steward), and report
the National Quality Forum. The most updated re
(National Quality Forum #1460) on bloodstream i
fections (BSI) in HD units reported Òin facilities all usi
uniform method of measuring and reporting BSI
facility-speciÞc rates that ranges 0-30.8 BSI per 100-p
years,Ó which is equivalent to 0.84/1,000 CVC days.
pooled mean BSI for CVC among facilities reporting
4.2 per 100 patient months, equivalent to 1.38/1,0
CVC days. Thus, a targeted rate of<1.5/1,000 CVC days i
reasonable. Prophylactic measures have been demon
to have risk reductions for CRBSI of 22% to 6
(Guideline 24),524,642,643 and should be used to achie
this target.
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Comparison to 2006 KDOQI Guideline Targets
Due to changes in patient demographics and pra
patterns, many of the prior 2006 KDOQI guideline tar
are no longer clinically relevant and require re-evalua
or the targets have been achieved or have become st
of care (eg, establishing a continuous quality improvem
process). Over the past decade, we have gained
insight due to clinical experiences and research.
example, we now know that targeting thrombosis for A
does not result in improvement in AV access surv
longevity and that intervention may be counterproduc
Understanding the role of patient, vessel, and sur
factors for superior AV access survival and assessi
patient for eligibility for different AV access types and w
is ÒrightÓ for that individual patient is a priority in th
guidelines.

The Overarching Goal is to provide function
complication-free dialysis access while preserving f
dialysis access site options as required by the indiv
patientÕs ESKD Life-Plan. Hence, the current target
from the prior guidelines in focusing on the major co
ponents that might interfere with achieving this ov
arching goal, and by doing so, also encompass many
prior guideline targets.
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020



Box 3. Interventions

First Author

Type of Study, Number
of Patients, and Type of
AV Access

Duration of
Follow-Up

Number of
Interventions Rate Comments

AV Fistulas: Interventions to Facilitate Maturation or Use (BEFORE First Cannulation)

Yang, 2017644 Retrospective, observational,
case-controlled
SAVF: n= 60
EAVF: n= 60

SAVF: 183 d (6 mo)
EAVF: 319 d (11 mo)
SAVF: 6 mo
EAVF: 6 mo

Unknown SAVF: 3.43/patient-year
EAVF: 0.59/patient-year
SAVF: 3.43/patient-year
EAVF: 0.78/patient-year

CMS Data 2011-2013 (SAVF
cohort)
NEAT Study (EAVF cohort)
Facilitative and maintenance
procedure, so cohorts include
CKD non-HD and prevalent
HD patients

Kimball, 2011645 Retrospective chart review
AVF: n= 150
Upper arm: 54%
Lower arm: 46%

12 mo
Median: 10 mo

Unknown Mean number: 2
interventions/AVF
(range, 1-10)

On HD using AVF (n= 48)
Not on HD patent AVF (n= 34)
On HD failed AVF (n= 26)
Not on HD failed AVF (n= 42)
Interventions are facilitative and
maintenance

Falk, 2006646 Retrospective
AVF: n= 154
IAVF: n= 65

Unknown 113 in 65
immature AVFs

1.7 interventions/IAVF

Shenoy, 2005647 Retrospective
AVF: n= 398
cAVF: n = 199
sAVF: n= 199

Unknown 53 cAVF: 0.22
interventions/AVF-year
sAVF: 0.37
interventions/AVF-year

Accesses placed between
1996 and 1999
Does not specify facilitative or
maintenance procedures

Perera, 2004648 Retrospective
AVF: n= 100

3 y 51 0.53 interventions/
patient/y

Facilitative and maintenance
procedures included

AV Fistulas: Interventions to Maintain Function/Patency (AFTER Successful Cannulation and Established Use)

Harms, 201673 Retrospective
Prospective data base
AVF: n= 289
NIAVF: n= 143
IAVF: n= 146

AVF: 6.5 y
Mean follow-up:
2.3 y

Unknown All AVF: 0.63 interventions/y
NIAVF: 0.46 interventions/y
IAVF: 0.84 interventions/y

50.5% of AVFs needed intervention
before HD

Lee, 2011287 Retrospective
Prospective data bases
AVF: n= 173

Median: 672 d Unknown 0IAVF(96): 0.76 interventions/y
1IAVF(54): 1.37 interventions/y
2IAVF(23): 3.51 interventions/y

Database UC and UAB 2005-2007
Follow-up from time of cannulation,
so only maintenance procedures
Of 173 patients, 77 needed
facilitative interventions

Falk, 2006646 Retrospective
AVF: n= 154
MAVF: n= 63

Mean: 317 d 209 3.3 interventions/AVF
1.75 interventions/AVF-year

—

Manns, 2005344 Prospective
AVF: n= 157

12 mo Unknown AVF surgery: 1.39/PY
AVF angiogram: 0.81/PY
AVF angioplasty” 0.43/PY

Data from Southern Alberta
Transplant Program Database
(ALTRAbase)

AV Grafts: Interventions to Facilitate Maturation or Use (BEFORE First Cannulation)

Shenoy, 2005647 Retrospective

AVG: n = 745 cAVG: n = 401

sAVG: n = 344

—
635

cAVG: 0.86/AVG-year

sAVG: 1.73/AVG-year

Accesses placed between 1998 and 1999

Does not specify facilitative or maintenance

AV Grafts: Interventions to Maintain Function/Patency (AFTER Successful Cannulation and Established Use)

Harms, 201673 Retrospective
Prospective data base
AVG: n = 310

AVG: 6.5 y
Mean follow-up:
2.01 y

Unknown All AVG: 1.58 interventions/y
No intervention AVG: 1.48 interventions/y
Intervention AVG: 2.2 interventions/y

17.7% AVGs needed
intervention before HD

(Continued)
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Box 3 (Cont'd). Interventions

AV Grafts: Interventions to Maintain Function/Patency (AFTER Successful Cannulation and Established Use)

Manns, 2005344 Prospective
AVG: n = 33

12 mo Unknown AVG surgery: 1.70/PY
AVG angiogram: 1.33/PY
AVG angioplasty: 0.94/PY

Data from Southern Alberta
Transplant Program Database
(ALTRAbase)

Perera, 2004648 Retrospective
AVG: n = 131

3 y 170 0.92 interventions/patient/y Facilitative and maintenance
procedures included

Abbreviations: AV, arteriovenous; AVF, arteriovenous� stula; AVG, arteriovenous graft; cAVF, clip arteriovenous� stula; EAVF, endovascular arterio-
venous � stula; IAVF, arteriovenous� stula with intervention for maturation; MAVF, mature arteriovenous� stula; NIAVF, no-intervention arteriovenous
� stula; PY, patient-year; sAVF, suture arteriovenous� stula; SAVF, surgical arteriovenous� stula.

KDOQI Vascular Access Guidelines Goals and Targets

S136 AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020



Research Recommendations
RESEARCH RECOMMENDATIONS
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Future Research for Hemodialysis Vascular
Access and Related Topics
Effective and appropriate application of the individual
ESKD Life-Plan strategy described in this Guideline re
a broader perspective than focusing solely on the cre
of a speciÞc vascular access or the monitoring and
agement of an existing vascular access. The Lif
approach requires consideration of the patientÕs c
and future goals and preferences, as well as his/her cu
and future medical condition(s). To appropriately cons
all of these aspects will require additional knowledge
patient preferences, more accurate tools to predic
timing of the need for dialysis, and better data on
expected outcomes associated with various approac
dialysis access creation and preservation. To truly
vidualize the choices, each of these research areas wi
to address potential differences across patient subgro
allow evidence-based decision making for speciÞc pa

Timing of the Need for Dialysis
Planning for initial dialysis access in CKD requires
knowledge of the urgency of the need for dialysis.
Work Group agrees that assessment for vascular
should occur if the patient has a� 50% risk of needing KR
within 2 years and/or has an eGFR of� 15 mL/min/
1.73m2; however, this is based on Expert Opinion o
Tools to predict risk of ESKD, using eGFR and/or o
commonly obtained variables, have been devel
recently,649-652 including the 4-variable Kidney Failu
Risk Index.653 The current limited evidence supporting
validity of these prediction tools is based on a si
evaluation of each participantÕs status, which may c
quickly. Future studies will require repeated assessme
determine whether a patient has crossed a threshold w
dialysis access evaluation or creation is deemed a
priate. Only recently has a dynamic prediction tool b
published.652 Although this tool uses updated informatio
it does not take full advantage of the patientÕs histor
previous experiences.

Numerous prediction tools have been developed,
few have been validated in other populations, and
fewer have been subjected to an evaluation of
impact.654 The impact of utilizing a risk prediction to
and associated practices on vascular access speciÞc
to our knowledge, not been evaluated for any speciÞc
Much work remains in how best to implement vasc
access–related clinical decisions based on the proje
probability of kidney failure for a speciÞed time horizon
the estimated time to kidney failure. Again, the b
approach may differ based on a speciÞc patientÕs
teristics and preferences, which must be addressed in
evaluation studies.

The other piece of the puzzle for optimizing t
timing of vascular access creation, of course, is
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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time required from creation to use. Additional resea
is needed on appropriate time for cannulation and
to objectively and reliably determine readiness
cannulation in traditional and newer vascular ac
types, and methods to aid in AV access maturatio
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Expected Outcomes Associated With Various
Approaches to Vascular Access Creation and
Preservation
National programs, including the Centers for Medi
and Medicaid ServicesÕs breakthrough initiative, F
First, have aggressively campaigned for greater use
AVFs and set goals of at least 66% AVF use and le
10% CVC use among prevalent HD patients.655 Despite
these efforts, more than 80% of ESKD patients initiat
with a NT-CVC or CVC, and CVC use remains com
among prevalent HD patients.44,139 Numerous studie
have raised serious questions about this one-size-Þ
approach to vascular access, Þnding substantial h
geneity across patients in the beneÞt derived from
mediate AVF creation.656-658 The Work Group
hypothesizes that a more patient-speciÞc approach
result in more appropriate vascular access choices.20,659

Multiple factors must be considered to apply the E
Life-Plan strategy to vascular access creation de
making, including the urgency of the need for a fu
tioning AV access versus the expected time require
maturation; the infection risk associated with CVC
during maturation versus the expected long-term be
of an AV access; the probability of maturation failure o
AVF versus the potential long-term beneÞt over an
the patient burden associated with the planning, crea
and complications associated with each vascular a
and the potential need for future vascular acce
Although data exist to provide useful estimates base
patient characteristics for some of these, such as pred
the probability of maturation,660 there remain signiÞca
gaps in our knowledge. Additional research is neede
provide estimates for each of these variables across v
patient and vessel characteristics to inform pat
centered, evidence-based decision making algorithm

In the meantime, KDOQI has provided an app (www.
myvascularaccess.com) that can be used to facilitate di
ysis access decision making, based on evidence
through the UCLA RAND Appropriateness Method.
tool requires further validation and research into
impact on its implementation. It is important to empha
that it is only one tool, amongst others to assist w
getting Òthe right access in the right patient, at the
time, for the right reasonsÓ. A multidisciplinary appro
that involves the patient and family members/suppor
to fully understand and evaluate the patient for the E
Life-Plan and dialysis access is central to achievin
overarching goal.
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Research Recommendations
Patient Preferences
In addition to the clinical outcomes associated w
choosing any speciÞc vascular access, numerous
have found that vascular access is a major concern
tients faced with ESKD.661-663 Issues such as physi
disÞgurement from an AVF and the pain and fear of n
cannulation are of great concern to patients, but these
been overlooked by initiatives such as Fistula Fir664

Research has uncovered substantial heterogeneity in
ties assigned to various factors across patients by ag
and country.661 Additional research is recommended
identify characteristics about processes and health
comes associated with vascular access that are most r
to patientsÕ decisions.
t
s

ting
nt.

ap-
this
Speci � c Research Recommendations Pertaining
to Individual Guidelines
Please also see the accompanying list of topics of Po
Future Research for Hemodialysis Vascular Acces
Related Topics under each Guideline topic.
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ESKD Life-Plan Strategy
The overall impact of the ESKD Life-Plan Strategy m
critically evaluated. This evaluation should include m
sures of patient satisfaction, using a validated instrum
associated with each type of vascular access, the inc
of unnecessary dialysis access creations/placement
the impact of potential outcomes (eg, complicatio
procedures, hospitalizations) on patient satisfaction
overall patient burden.

The ESKD Life-Plan may consider alternate en
ments for dialysis that may be more suitable for s
patients; as such, further research may help determin
validate strategies for the ideal vascular access for
environments, such as home HD.
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Timing, Preparation, and Planning for Creation/
Insertion of Vascular Access/ Vessel Preservation

� Validate ESKD prediction equations in large CKD
ulations for their use to facilitate vascular access cre
and use (eg, kidney failure risk equation). Test whe
use of prediction equations to assist with timing
vascular access creation results in improved rea
and/or additional unnecessary vascular access cre
insertions.

� Develop and validate strategy/criteria for timing of
referral of PD patients for HD vascular ac
creation.

� Develop and validate strategy/criteria for referra
transplant patients for HD vascular access creation

� Develop algorithms for individualized vascular ac
site selection based on available locations, urg
of need, and feasibility to provide lifelong acces
S138
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� Develop and validate accurate patient-speciÞc est
of the predicted duration of HD and predicted pro
bility of AVF maturation.

� Assess feasibility of alternative options for blood ac
� Assess the impact of a transradial approach for e

vascular interventions (eg, cardiovascular or other
future vascular access creation and outcomes.

� Determine whether small-bore internal jugular v
catheters result in a lower incidence of central ve
stenosis than larger internal jugular vein catheters

� Determine whether the use of small-bore internal
gular catheters instead of PICCs may reduce c
venous stenosis.

� Determine and validate the criteria and timing
creating an AV access in a ÒfailingÓ PD patient.

� Determine and validate the criteria and timing of crea
an AV access in a ÒfailingÓ kidney transplant patie

� Investigate in which patients the decline of eGFR
pears to slow or halt after AVF creation, and why
may occur.
st be
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Patient and Vessel Examinations Preoperative
Considerations

� Determine the optimal training methods for preope
tive clinical examination to assess patients and
vessels to determine the most suitable type and loc
of their vascular access.

� Studies are needed to examine the inßuence of r
approach angiograms on future vascular ac
outcomes.

� Develop and validate approaches to reduce pot
damage to central and peripheral vessels by prov
throughout the health care system.

� Research and develop tools for patient education
vessel preservation to optimize vascular access c
creation, and use.
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Vascular Access Types: Incident and Prevalent
Patients

� Develop and test risk prediction models to assist pa
speciÞc decision making regarding choice of vas
access. Because it is unlikely that randomized trial
be performed to compare different initial or subsequ
vascular access types, we must rely on high-qu
observational data to inform these algorithms. Sp
ically, data on expected probability of maturation, lik
length of time until cannulation, incidence of vario
complications, and likely length of AV access sur
will be needed, ideally for numerous strata of pat
characteristics (eg, age, sex, race, life expect
number and severity of comorbid conditions). F
speciÞc areas where existing data are lacking, pr
conßicting results, or are susceptible to substantial
new analyses and studies will be required.
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� Develop, validate, and implement the standard
deÞnitions for maturation, patency, and speciÞc c
plications to provide consistency across studies
allow development of decision-making tools.
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Vascular Access Locations

� Determine whether large arteries (>2 mm) with higher
baseline ßows are associated with greater risk of
associated problems.

� Identify criteria for upper arm as Þrst AV access ch
� Evaluate the impact of real time ultrasound evaluati

vessels by the operating surgeon on identifying
optimal type and location for AV access creation an
impact on maturation and use.
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AV Access Creation

� The preponderance of stenosis in speciÞc anatom
cations suggests that local hemodynamics play a
niÞcant role in its development. The availability
better imaging techniques and CFD models provid
opportunity to model hemodynamics and shear s
patterns. New CFD models, speciÞc for AV ac
should be developed and validated for assisting A
cess decision making.

� Studies of hemodynamics (eg, ßow, shear stress)
causative or predictive factor of AV access outco
including outßow vein and juxta-anastomotic steno
are needed.

� Evaluate a variety of anastomotic conÞgurations
techniques, including the end-to-side and side-to-
conÞgurations, the piggyback straight-line onlay t
nique (pSLOT), and the radial artery deviation
reimplantation (RADAR) technique.

� Investigate technologies to assist with AVF matura
including The Fistula Assist Device in AVF Matura
and the role of BAM in the setting of RCTs.

� Evaluate ultrasound-based objective criteria to a
suitability for AV access.

� One-stage versus 2-stage basilic vein transposition
to be studied further in the setting of RCTs.

� Evaluate novel techniques for surgical and percuta
creation of autogenous AV access.

� Determine whether endoAVF creation can result
clinically durable and cost-effective AV access com
with traditional surgical AV access creation
maintenance.
a
e

ncy/

nnula-

n with
Novel Materials and AV Access

� Validate the potential beneÞts of current biologic gr
� Develop and test novel nonautogenous graft mat

and creation techniques.
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� Develop and test novel techniques for surgical
percutaneous creation of autogenous AV access.

� Clinical trials are needed to identify the optimal C
with the best long-term durability and survival a
lowest incidence of complications, including cen
venous stenosis, vessel injury or thrombosis, CRBS
CVC dysfunction.

� Develop and test novel CVC materials to minim
complications.

� Catheter insertion: Additional clinical studies are ne
to identify the ideal means to insert a NT-CVC
tunneled CVC for HD. Imaging appears to favor
affect successful placement and may reduce com
tion rates.

� Newer technologies include vein-localizing tools ba
on near-infrared spectroscopy. Studies are need
determine whether this technology has applicatio
adults for CVC placement and whether it warr
comparison to real-time ultrasound as an imag
technique to enhance CVC placement.

� Post–AV access creation/CVC insertion considerat
Test the impact of resources provided by the Fistula
Catheter Last Work Group Coalition on AVF matura
and usability.

� Study the indications for secondary interventions (
gical and endovascular) to help AV access matura

Vascular Access Use

� Test the safety, efÞcacy, and impact on health ca
sources and patient outcomes of ultrasound-gu
cannulation in busy, operating dialysis units.

� Identify best practices for mechanics of cannula
including needle type and size, angle of insertion,
graduated ßow rates.

� Test effectiveness of simulation models and o
techniques for improving cannulation success, redu
complications and improving patient satisfaction.

� DeÞneexpert cannulatorand determine how such expe
cannulators can maintain their expertise and be
used to improve overall cannulation success with
unit and for individual patients.

� Identify obstacles to achieving complication-free
nulation and strategies to mitigate such obstacles.

� RCTs to assess standard needles versus plastic can
preserving AV access patency and reducing complica

� RCTs to assess impact of needle size and pump sp
long-term AV access patency.

� Assess impact of manual compression versus mech
clamp use after needle withdrawal on access pate
stenosis (AV access ßow dysfunction).

� Evaluate outcomes associated with alternative ca
tion devices.

� Evaluate the safety, efÞcacy, and patient satisfactio
using plastic cannulae.
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Research Recommendations
AV Access Flow Dysfunction
AV access ßow dysfunctionrefers to clinically signiÞcant a
normalities in AV access (AVF or AVG) ßow or pat
due to underlying stenosis or thrombosis-rela
pathology.

� Determine which indicators from a clinical monitori
examination are most strongly predictive of clinic
signiÞcant stenosis.

� Assess the impact of annual mandatory physical e
ination skill assessment for all stakeholders on re
nizing early AV access ßow dysfunction (similar to
for cardiac arrest).

� Adequately powered RCTs are needed to dete
which surveillance protocols and thresholds for in
vention improve overall AV access patency. St
should identify indications and relative beneÞts/ha
of earlier (pre-emptive) interventions.

� Clinical studies are needed to determine the m
appropriate indications for endovascular versus su
intervention.

� DeÞne and validate speciÞc outcome metrics fo
terventions for dysfunctional and thrombosed AV acc

� Determine outcomes with surgically corrected occlu
accesses that are followed by a completion angiog
imaging± further corrective procedure. How does t
strategy compare with historical surgical correc
without completion imaging or with endovascu
management?

� Clinical studies are needed to test the potential impa
multidisciplinary care on AV access patency.

� The effect of far-infrared therapy on AVF and A
dysfunction needs to be tested in RCTs in a varie
dialysis populations.

� RCTs of omega-3 fatty acids are needed to test
impact on AV access outcomes and deÞne the op
formulation and dose.

� Study the patient and AV access outcomes and imp
(1) ultrasound-guided angioplasty and (2) intravasc
ultrasound guided angioplasty, to limit contrast ex
sure in CKD/ESKD patients with residual kidney f
tion and urine output.

� Stent-grafts versus bare-metal stents for treatme
central vein stenosis requires more RCT evaluation
larger numbers and rigorous conduct and analysis

� More RCT evaluation of stent-grafts for vascular a
management (primary or secondary) with clinically (rat
than angiogram) based outcomes are urgently require

� Study is needed in AVFs for multiple modalities
treatment (eg, stent grafts, drug-eluting balloons, e

� Comparative methods of AV access thrombolysis
surgical versus endovascular) with a variety of s
and longer-term AVF and AVG outcomes.

� Increasing evidence in the following areas:
B The use of specialized balloons (drug-coated

cutting) versus standard high-pressure balloon
the primary treatment of AVF and AVG stenosi
S140
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B The optimal duration of balloon inßation tim
during angioplasty to improve intervention prima
patency in the treatment of AVF or AVG stenos

B The secondary use of drug-coated balloons
successful angioplasty with high-pressure ball
for treatment of stenosis in AVF and AVG.

� Impact of timing of recurrence of stenosis on choic
treatment modality

� Use of stent grafts in locations other than graft-
anastomosis or cephalic arch in brachiocephalic Þs

� Optimal treatment of in-stent stenosis that occur
stent-grafts.

� The optimal timing of angioplasty/thrombolysis
thrombectomy in thrombosed AVF and AVG.

� Studies to determine the best measurement that d
a successful procedure outcome. For example, sho
be a percent relative improvement in lumen size o
absolute lumen diameter or other measurement? W
should it be measured after the treatment (eg, P
(during the procedure or after?)
in-
ss.
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AV Access Infection

� Study the impact of aseptic versus sterile cannulati
AVG infection.

� Evaluate the role of intra-access pressure and ca
tion inÞltration in development of AVF cannulation
infections.
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AV Access Aneurysms

� Assess AV access ßow rates on incidence and pre
of aneurysms.

� Evaluate the role of intra-access pressure in causa
AVF outßow vein aneurysms.

� Assess the impact of size documentation in me
record on overall awareness and active interventio
stakeholders.

� Study the natural history to better determine, man
and prevent incidence of AV aneurysm rupture,
fatal hemorrhage.

� Evaluate techniques for AVF salvage and CVC avo
while managing aneurysms and bleeding complicat
cess
er
.
of

c).
(eg,
ort-

or
in

.

AV Access Steal

� Further deÞne and establish the predictors for AV a
steal.

� Further deÞne and establish strategies to reduc
incidence of AV access steal.

� Further deÞne the natural history of mild to mode
symptoms related to AV access steal.

� Further deÞne and validate the diagnostic criteria fo
access steal.

� Further deÞne the optimal remedial treatment for
access steal.
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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Research Recommendations
� Further deÞne ischemic monomelic neuropathy
distinct entity from AV access steal.

� Develop and research the utility and validity of de
tions for steal based on AVF function (high-ßow ste
low-ßow steal).

Treatment of Other AV Access Complications

� Evaluate and develop CVC avoidance techniqu
manage AV access complications
i

a
n

d

C
n
a

Þ
t

f

d
th

in

n

ters
eness
r ex-

of

BRSI

anti-
be

ce of

bosis
iples.

s
tan-

tan-
all

iolo-

use
in-

tent-

ons
Treatment and Prevention of CVC Complications

� Evaluate the cost/beneÞt of routine physical exam
tion and history on CVC use and/or complications.

� RCT comparing normal saline, 1:1,000 heparin, and
citrate as routine CVC lock solution.

� Study the incidence of both central vessel and right
thrombus with noninfected dysfunctional CVC a
develop management guidelines, potentially base
the size and location of the thrombus.

Catheter Dysfunction

� Develop and validate a standard deÞnition of
dysfunction applicable to unique patient circumsta
to allow comparisons across institutions, studies,
treatment regimens. Estimate the sensitivity, speci
and predictive value of speciÞc markers of dysfunc

� Assess the impact of earlier intervention—and types o
interventions—for CVC dysfunction.

� Tracking the frequency of dysfunctional and embed
CVC and the various methods of managing a CVC
dysfunctional but embedded.

Prevention of CVC Dysfunction

� ConÞrm beneÞt of 1 mg versus 2 mg TPA in ma
nance of CVC patency, both short and long term.

Catheter-Related Infection

� Further develop and validate criteria for CRBSI in
modialysis patients.

� Validate diagnostic criteria for exit site and tun
infections.
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Prevention of CVC Infection

� Rigorously designed and implemented studies
required to determine an effective surveillance and
emptive management strategy for CRBSI in subg
of patients at high risk.

� Determine predictors of CRBSI in patients rece
standard infection control practices.

� Evaluate the impact on incidence of CRBSI of stra
that involve extraluminal exit site and intralumi
antimicrobial prophylactic care. Studies should be
formed at both the patient and facility level and eval
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
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the potential emergence of antibiotic resis
organisms.

� RCT to assess impact of taking a shower on CRBS
healed CVC exit site.
s to
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Other Vascular Access-Related Complications

� The natural history and predictors of CVS need t
understood in greater detail.

� Effective interventions for symptomatic CVS need
developed and validated.

� Randomized controlled trials for treatment of cathe
with a Þbrin sheath are needed to compare effectiv
of thrombolytics, catheter exchange, and cathete
change with Þbrin sheath disruption on outcomes
patency and infection.

� The association of Þbrin sheath incidence with C
needs to be evaluated.

� The effectiveness of Þbrin sheath disruption plus
biotics compared with antibiotics alone needs to
evaluated in terms of CVC dysfunction and inciden
infection.

� Characterizing catheter-related central vein throm
versus atrial thrombosis and its management princ
ces
nd

city,
ion.

ed
at is

Multidisciplinary Approaches to Vascular Access

� Role of associate degree–level training for dialysi
technician rather than hands-on training only. S
dardizing training curriculum.

� Impact on development and implementation of a s
dardized dialysis access training curriculum for
stakeholders (nephrologist, nurses, surgeons, rad
gist) involved in AV access care.
te-
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Endovascular Procedures

� Cost comparison between interventions, PTA, and
of stent-grafts and/or drug-eluting balloons for ma
taining overall access patency.

� Comparison between drug-eluting balloons and s
grafts for overall access patency.

� Comparison between different drug-eluting ballo
and different stent-grafts.

� Drug dose comparison study on impact of drug co
balloons on venous stenosis in dialysis accesses.

� Determine if and what the role of angioscopy is
guided interventions.
ups
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Surgical Procedures

� Skills and training needs for CVC placement an
access creation.

� DeÞning high-ßow AV access, its hemodynamic im
and treatment options. Should there be an RCT
treatment options, and if so, what interventions sho
be evaluated?
S141
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Medicine at Louisiana State University Health Shrev
School of Medicine. After completing his Nephrol
Fellowship training at the University of California–Davis in
Sacramento and the University of Wisconsin in Mad
he joined the Medicine faculty at the University of K
tucky in Lexington from 1982 to 1985 and Louisiana S
University Health Sciences Center in Shreveport in 1
His early research interests were focused on clinica
bench research on aluminum toxicity causing bone dis
and anemia in renal failure patients. In the past decad
has focused on training Nephrology Fellows in interv
tional nephrology. His current research interests
centered on improving vascular and peritoneal acce
dialysis patients. He has played an active role in
American Society of Diagnostic and Interventi
Nephrology, most recently as President. He serves o
Editorial Board of theJournal of Vascular Access. He has bee
involved in national and international scientiÞc
educational programs with American Society of Diagn
and Interventional Nephrology, ASN, NKF, ISN, AN
ERA-EDTA, AVATAR, and VAS. Dr Abreo declares
has no relevant Þnancial relationships.

Michael Allon, MD
Dr. Allon is Professor of Medicine at University of Alab
at Birmingham, where he serves as the Associate D
for Clinical Affairs and the Medical Director of Dial
Operations in the Division of Nephrology. He ha
longstanding clinical research interest in dialysis an
particular, in vascular access for hemodialysis. He wa
principal investigator for several clinical dialysis t
sponsored by the National Institutes of Health, includ
HEMO, DAC, and HFM. He has published more than
peer-reviewed articles on various aspects of vascular
Finally, he has been an invited speaker at nume
nephrology meetings on various topics related to vas
access. Dr Allon declares that he has no relevant Þn
relationships.

Arif Asif, MD, MHCM
Dr Asif is the Chairman of the Department of Medicin
Jersey Shore Medical Center and Professor of Medi
Seton Hall-Hackensack Meridian School of He
Neptune, New Jersey. He completed his residency i
ternal Medicine at Mercy Hospital and Medical Ce
University of Illinois at Chicago, and Fellowship
Nephrology and Hypertension at the University of Mia
Miami, Florida. He also received a Master of Health
Management and Business Administration degree
Harvard University, Boston, Massachusetts. He
S142
of
of
port

gy

on,
n-
ate
85.
and
ase
, he
n-
are
s in
the

nal
the

nd
stic
IN,
at he

ma
ector
sis

a
, in

the
als
ng
100
ccess.
ous
ular
ncial

at
ne at
lth,
In-

ter,
in
i,
are

rom
s a

nationally and internationally recognized expert in
modialysis vascular access and has organized and
multiple scientiÞc meetings on hemodialysis access. D
has been involved in vascular access research since
He has had numerous funded research projects, rec
many teaching awards, and developed multiple trai
programs in the area of dialysis vascular access. H
edited 4 books and authored more than 200 articles
book chapters. Among his many professional editoria
sponsibilities, he is the Section Editor of theJournal
Vascular Accessand the Associate Editor of theAmerican Jou
of Kidney Diseases. He is the Past President of the Amer
Society of Diagnostic and Interventional Nephrology
ciety and currently serves as the Chair of its Cli
Practice Committee. Dr Asif has consulted for, and rec
honoraria from, Alexion Pharmaceuticals, Inc, in 20
consulted for Phraxis, Inc, from 2016 through 2018, a
received honoraria from Fresenius USA Marketing,
in 2016.

Brad C. Astor, PhD, MPH
Dr Astor is Associate Professor in the Departmen
Medicine and Population Health Sciences at the Univ
of Wisconsin School of Medicine and Public Health
serves as the Director of Research for the Divisio
Nephrology. He was a medical device reviewer at th
Food and Drug Administration prior to training as
epidemiologist at The Johns Hopkins Bloomberg Scho
Public Health. He was a faculty member in the
partments of Epidemiology and Medicine at Johns Hop
until 2011, when he joined the University of Wiscons
His research covers several different aspects of k
disease and its interaction with cardiovascular dis
Other speciÞc areas of interest include predictors of
comes in kidney transplant recipients and hemodia
vascular access complications. This research has
pursued in the general population (Atherosclerosis Ri
Communities [ARIC] Study, Multi-Ethnic Study
Atherosclerosis [MESA]) as well as in clinical trials (Af
American Study of Kidney Disease and Hyperte
[AASK]) and observational studies of dialysis pat
(Choices for Healthy Outcomes in Caring for E
[CHOICE]) and kidney transplant recipients (Wisco
Allograft Recipient Database [WisARD]). Dr Astor
sulted for VascAlert in 2018 and 2019.

Marc Glickman, MD
Dr Glickman is a retired vascular surgeon who has w
more than 100 articles on vascular access surgery. H
written several chapters in books on vascular access s
as well. He was previous President of the Vascular A
Society of the Americas, part of the clinical faculty o
Eastern Virginia Medical School. He has been prin
investigator for many vascular access graft studies th
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020



ry
e
W
s
m
e
d

a
d
T

o
t
R
o

e
e
M
u
e
e

c
i
s

o
a
i
d

S
f
e

t
a
r
iv
r

ed
ip
o
B

e
L
ti

ctor,
ining

He-
ffairs
lysis
han 50
active

logic
-based
ccess

e bio-
stula
ig).
ovel
mo-
e de-
g a

ogram is
and
elor in
ional
Sharp
tiÞc

e, at
Tor-
asso-
ods,

nces,
r of
pro-
l
us is
dney
rest in
verse

raising
popu-
and
ams
IHR),
omes
ation
ular
ociety
ney
e has

rio,
and
of

Biographical and Disclosure Information
currently in use today. He has lectured extensively
tionally and internationally on vascular access surge
Glickman received honoraria from Bard Periph
Vascular from 2016 through 2018 and consulted for
Gore & Associates, Inc (2016); Merit Medical System
(2016-2018); LeMaitre Vascular Inc (2016, 2018); Zi
mer Biomet Holdings, Inc (2017); and Bard Periph
Vascular (2018). Dr Glickman has also been employe
Hancock Jaffe (2016 to the present).

Janet Graham, MHScN, CNeph(C)
Ms GrahamÕs career has focused on the care of p
with chronic kidney disease over almost 3 deca
Currently, she is the Clinical Director of Nephrology at
Ottawa Hospital (TOH) and Regional Director
Nephrology Champlain LHIN Ontario Renal Netw
(ORN), and she recently completed a secondmen
Clinical Education and Quality Improvement at the O
leading the development and implementation of b
clinical education and quality improvement initiatives
the provincial level. Ms GrahamÕs career has spann
entire care continuum in renal care, and she has h
number of leadership positions at TOH. She holds a
ters of Health Science degree in Nursing and has cond
clinical research in the area of dialysis access, with s
publications in this area. Ms Graham declares that sh
no relevant Þnancial interests.

Thomas S. Huber, MD, PhD
Dr Huber is Professor and Chief of the Division of Vas
Surgery at the University of Florida College of Medic
He has a longstanding interest in hemodialysis acces
was one of the Principal Investigators for the Nati
Institutes of Health/National Institute of Diabetes
Digestive and Kidney Diseases Hemodialysis F
Maturation Study. He has served on the editorial boar
the Journal of Vascular Surgeryand theYearbook of Surgerywhile
co-editing Mastery of Vascular and Endovascular. He
currently serves on the Vascular Surgery Board o
American Board of Surgery. Dr Huber declares that h
no relevant Þnancial relationships.

Timmy Lee, MD
Dr Lee is Professor of Medicine in the Departmen
Medicine and Division of Nephrology, with a second
appointment in the Department of Biomedical Enginee
at the University of Alabama at Birmingham. He rece
his medical degree from the Louisiana State Unive
Health Sciences Center in Shreveport and complet
Internal Medicine residency and Nephrology fellowsh
the University of Alabama at Birmingham, Nephrol
research fellowship at the University of Alabama at
mingham, and Masters of Science in Public Health d
at the University of Alabama at Birmingham. Dr
currently serves as the Associate Director of Interven
AJKD Vol 75 | Iss 4 | Suppl 2 | April 2020
na-
. Dr
ral
L
Inc
-

ral
by

tients
es.
he
of
rk
as

N,
th
at
d the

ld a
as-
cted
veral

has

ular
ne.

and
nal
nd
stula
s of

urgery
the
has

of
ry
ing
ed
sity

his
at

gy
ir-

gree
ee
onal

Nephrology, Associate Nephrology Fellowship Dire
Associate Director of the Nephrology Research Tra
Center, Associate Section Chief, and Director of the
modialysis Program at the Birmingham Veterans A
Medical Center. He has been involved in hemodia
vascular access research since 2002 and has more t
publications in vascular access research. He has
research programs in clinical trials and large epidemio
studies in dialysis vascular access and a laboratory
translational research program in dialysis vascular a
studying human vascular access blood vessel tissu
repositories and mechanisms of arteriovenous Þ
dysfunction using animal models (mouse, rat, and p
The goal of his research program is to develop n
therapeutics to prevent and treat complications of he
dialysis vascular access dysfunction and improve th
livery and processes of care for patients requirin
hemodialysis vascular access. Dr LeeÕs research pr
currently funded by the National Institutes of Health
Veterans Affairs Medical Center. He serves a couns
the American Society of Diagnostic and Intervent
Nephrology. Dr. Lee served as a consultant for Merck
& Dohme Corporation (2017, 2019) and Boston Scien
(2019).

Charmaine E. Lok, MD, MSc, FRCP(C) (Chair)
Dr Lok is a Professor of Medicine, Faculty of Medicin
the University of Toronto and Senior Scientist at the
onto General Hospital Research Institute. She is also
ciated with the Department of Health Research Meth
Evidence, and Impact, Faculty of Health Scie
McMaster University. Dr Lok is the Medical Directo
both the chronic kidney diseases and hemodialysis
grams at the University Health Network–Toronto Genera
Hospital, Toronto, Ontario, Canada. Her research foc
on chronic kidney disease (CKD) and end-stage ki
disease (ESKD) outcomes. She has a special inte
improving dialysis access outcomes and reducing ad
cardiovascular events in CKD/ESKD. She is active in
awareness of CKD and ESKD and its importance in
lation health. Dr Lok is involved in a variety of local
international scientiÞc and educational progr
including, Canadian Institutes of Health Research (C
Kidney Foundation of Canada (KFOC), Dialysis Outc
and Practice Patterns Study, National Kidney Found
(NKF), American Society of Nephrology (ASN), Vasc
Access Society of the Americas (VASA), American S
of Diagnostic and Interventional Nephrology, and Kid
CARE Network International. Dr Lok declares that sh
no relevant Þnancial interests.

Louise M. Moist, MD, MSc
Dr Moist is a nephrologist at Victoria Hospital, Onta
Canada and Professor of Medicine, Epidemiology
Biostatistics; Associate Chair of the Division
S143



e
a
it
is pa-

d
l
c
d
a
c
a

v

o
m

u
r
r
)

c
c
n
100
in-

it
o
ty
r
tw
e
d
ls
t
r
l

cu
a
ic
n
to

s
e
e

in
d
e

o
e
c

d
. Ms
terests.

of the
gton
. His
and
sur-
me-

ety of
of
ricas.
was
lysis
Health
has
jects

cular
vative
and
Inc, in
and

tment
pel
the
ffairs

i is an
ce

onal
70

pters,
Access

onal
the

eak-
view
ining
care

onal
IN,

. Be-
onal

of
nize
tations,
ent
thard

tivity
for F.

Biographical and Disclosure Information
Nephrology; and Scientist in the Program of Experim
Medicine at Western University. Her clinical and rese
interests are focused on chronic kidney disease, w
speciÞc expertise in vascular access for hemodialys
tient. Dr Moist has a number of leadership roles, inclu
The Ontario Renal Network Physician Lead for Dia
Access, integrating change to improve vascular a
practice and reduce catheter use. She has chaired an
involved in several guideline groups, including CSN
mia guidelines, timing of dialysis start, and vascular ac
Dr Moist is active in education, clinical care, and rese
with more than 150 peer-reviewed academic papers
numerous research grants. She has received the Uni
of Western Ontario award for Excellence for Teaching
for Excellence in Research. Dr. Moist has served
speakerÕs bureau and as a consultant for Otsuka A
Pharmaceutical (2018) and Janssen Pharmace
(2018). She has also served as a consultant for Boeh
Ingelheim in 2018 and on an advisory board for Nova
(2019), AstraZeneca (2019), and Novo Nordisk (2019

Dheeraj K. Rajan, MD, FRCP(C)
Dr Rajan completed his Diagnostic Radiology residen
Wayne State University in 1999 and Fellowship in Vas
and Interventional Radiology at the University of Pe
sylvania in 2000. Over his career, he has published
articles, primarily focused on arterial and dialysis
terventions, multiple book chapters, and a textbook t
Essentials of Percutaneous Dialysis Interventions. He is a Professor
Medicine and the Division Chief of VIR at the Universi
Toronto. Dr Rajan also sits on various committees fo
Society of Interventional Radiology, Cardiac Care Ne
of Ontario, and the Ontario Renal Network. He form
was an Associate Editor for theJournal of Vascular an
ventional Radiologyand reviews for multiple medical journa
Dr RajanÕs current focus is on the percutaneous crea
dialysis Þstulas, and he was one of the pioneers fo
procedure itself. He also serves as an advisor to mu
start-up and established companies with devices fo
on hemodialysis interventions. Dr. Rajan served
consultant for Becton Dickinson (2018), TVA Med
(2016), and Bard Medical (2016). He also served o
speakerÕs bureau for Gore Medical (2018) and had s
bonds with TVA Medical (2016).

Cynthia Roberts, RN, CNN
Ms Roberts is a Nephrology and Vascular Access Nur
has for patients with chronic kidney and end-stage r
disease for 28 years. She works with Renal Res
Institute, partnering with the University of North Carol
(UNC) at Chapel Hill Nephrology and Hypertension
vision and UNC Kidney Center. She specializes in d
oping patient care models that emphasize collaborati
care with dedicated vascular access surgery and int
tional clinic systems and nephrology integrated
management. She has multiple publications in AN
S144
ntal
rch
h a

Nursing Journal and Nephrology News and Issues, where she serve
as editor of the vascular access quarterly column
Roberts declares that she has no relevant Þnancial in
ing
ysis
cess
been

ne-
ess.
rch,
and
ersity
and
n a
erica

ticals
inger
tis
.

y at
ular
n-

Surendra Shenoy, MD, PhD
Dr Shenoy is a Professor of Surgery and the Director
Living Donor Transplantation Program at the Washin
University School of Medicine in Saint Louis, Missouri
clinical and research interests include liver, kidney,
living donor transplantation; liver; and dialysis access
gery. He serves on the Board of Directors and is the im
diate past president of the Vascular Access Soci
Americas (VASA). He is on the Editorial Board of theJournal
Vascular Accessand serves as the VASA Editor for the Ame
Dr Shenoy was the Cochair for the working group that
tasked with describing appropriate endpoints for dia
vascular access trials established by the Kidney
Initiative of the American Society of Nephrology. He
been actively involved in several clinical research pro
related to abdominal organ transplantation and vas
access for hemodialysis. He has published several inno
surgical techniques in the Þeld of transplantation
vascular access. Dr Shenoy consulted for CR Bard,
2016 and Bard Peripheral Vascular, Inc, in 2018
received an honorarium from Getinge USA in 2019.
led
f
of
the
ork

rly
Inter-
.

ion of
the

tiple
sed

s a
al
a

cks/

e and
nal
arch
a
i-
vel-

n of
rven-
are
NA

Tushar Vachharajani, MD
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Notice
Erratum Regarding “KDOQI Clinical Practice Guideline for
Vascular Access: 2019 Update ” (Am J Kidney Dis . 2020;75[4]
[suppl 2]:S1-S164)
ue of
.6. Instead
iotics and

ic broad-
s complica-
In “KDOQI Clinical Practice Guideline for Vascular Access: 2019 Update,” a supplement to the April 2020 issAJKD
(Lok et al, volume 75, issue 4, supplement 2, pages S1-S164), words were missing in guideline statement 16
of “KDOQI considers it reasonable for infected AV access the rapid initiation of empiric broad-spectrum antib
timely referral to a surgeon knowledgeable in the management of vascular access complications. (Expert Opinion)”, the
wording should be “KDOQI considers it reasonable for infected AV access to have rapid initiation of empir
spectrum antibiotics and timely referral to a surgeon knowledgeable in the management of vascular acces
tions. (Expert Opinion).” These changes should be made in the 2 places guideline statement 16.6 appears—at the bottom of
page S30 and the top of the second column on page S100.
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