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THE traditional treatment for failing
arteriovenous dialysis access has been
thrombectomy and/or surgical revi-
sion as needed (1–3). Over the past 2
decades, percutaneous methods for
thrombus dissolution and/or correc-
tion of anatomic abnormalities have
become accepted alternate treatment
modalities (4). The results of throm-
bolysis (5–9), angioplasty (10–14), di-
rectional atherectomy (15,16), and en-
doluminal stent deployment (17–22)
have been reported widely; neverthe-
less, comparison and interpretation of
results are difficult because of differ-
ing methods of patient selection, treat-
ment, and follow-up. For example,
some thrombolysis series report suc-
cess as establishment of flow immedi-
ately after the procedure (5), whereas
others require at least three dialysis
sessions after treatment for success (8).
In addition, different reporting meth-
ods (life-table mean patency, life-table
50% patency, arithmetic mean pa-
tency, etc) applied to the exact same
database can result in dramatically
different conclusions; Hodges et al
(23) showed that autogenous fistulas
could be interpreted to have patencies
equal to those of polytetrafluoroethyl-
ene (PTFE) grafts, shorter than PTFE
grafts, or twice as long as PTFE grafts,

depending on the method of data
analysis.

Suggested standards for reporting
the results of arterial revascularization
have been published previously by the
Journal of Vascular Surgery (24,25) and
the Journal of Vascular and Interven-
tional Radiology (26,27). Reporting stan-
dards for acute and chronic thrombo-
embolic venous disease have also been
suggested (28). These reporting stan-
dards are obviously an imperfect fit
for dialysis access interventions. To
our knowledge, there has been no
publication suggesting uniform re-
porting standards for dialysis access
revascularization despite calls for their
establishment (23,29). The purpose of
this document is to recommend stan-
dards to be used for study design and
reporting of percutaneous interven-
tions for permanent hemodialysis ac-
cess. The Table summarizes these
standards in an abbreviated format.

PATIENT SELECTION

Discussion.—Because prophylactic
treatment before thrombosis appears
to prolong the patency of hemodialy-
sis access (11,30,31), many institu-
tions have adopted screening proce-
dures to select patients with malfunc-
tioning hemodialysis access who are
at high risk for failure. Screening
methods currently used include
physical examination (a change in
bruit, thrill, pulse, etc) (10,11,32), re-
circulation (33–35), dynamic venous
dialysis pressures (10,30,36), static ve-
nous pressures (31,37,38), intraaccess

flows (39,40) and duplex and color
Doppler sonography (40,41). Abnor-
mal screening results have been cor-
related with the presence of a venous
stenosis in 80%–90% of cases (10,
11,30). These patients are therefore
referred for angiographic evaluation
and/or therapy.

The other major category of hemo-
dialysis patient referred for angio-
graphic evaluation and/or therapy
involves patients with a clinical man-
ifestation of access failure or impend-
ing access failure. The most common
reported presentation is a thrombosed
access (1,3,42). Other clinical manifesta-
tions include extremity edema, pro-
longed post-dialysis bleeding, poor di-
alysis flow rates, difficult needle can-
nulation of the access, and “inefficient
dialysis” manifested as decreased kt/v
or urea reduction ratios (43).

Recommendations for Reporting Stan-
dards.—The indications for angio-
graphic evaluation and/or therapy
should be reported. When available,
criteria for positive screens and the
number of determinations required
for a positive screen should be pre-
sented. The clinical manifestation of
access failure or impending access
failure leading to referral should be
reported.

Inclusion and exclusion criteria for
choosing study subjects and controls
from the patient population should
be clearly presented. Because the at-
tributes of the patient population
may affect treatment outcome, the
medical background including age,
cardiac risk factors, hypercoagulabil-
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Reporting Requirements and Recommendations

Data Required
Highly

Recommended Recommended

Referral Indications (either 1 or 2)
1. Screening Method X

(Criteria for Positive Screen) X
(No. of Determinations for Positive Screen) X

2. Access Failure Indication X
Comorbidities/Risk Factors X
Access Description

Type configuration X
Prior interventions (Number and type, or unknown) X
Age X
Central line No., indwelling catheter, etc. X

Measures of Disease Severity*
Anatomic

Technique for Lumen Visualization X
Stenosis Determination Method X
% Stenosis X
Lesion Location X
Lesion Length X
Central Vein Patency X

Hemodynamic
VDF or Static (include No. of determinations) X
Pressure Threshold (include No. determinations) X
Access Volume Flows X

Clinical
Criterion Used X
Recirculation Method, Description X

Treatment
Detailed Description X
Procedure Time X
Lysis/thrombectomy Time X
Hemostasis Time X

Posttreatment Evaluation
Anatomic
% Residual Stenosis X
Flow Restoration and % Residual Stenosis X

(Lysis/thrombectomy Cases)
Hemodynamic

Return to Below Threshold X
Static IG/Branchial Ratios X

Clinical
Resumption of Dialysis (Lysis/Thrombectomy Cases) X
Continuous Thrill X
Return of Screen to Below Threshold or resolution of Clinical Abnormality X

Device Success X
Patency†

Procedure Success‡ X
Postintervention Primary Patency§ X
Postintervention Assisted Primary Patency� X
Postintervention Secondary Patency� X
Postintervention Lesion Patency� X
Postintervention Access Patency� X

Complications X
Compliance X
Costs

Detailed Analysis X
Gross Estimates X

Comparisons Between Treatment Groups
Randomized Controlled X
Institutional Review Board Status X

* Description of disease severity requires anatomic severity and at least one hemodynamic or clinical indicator.
† Report stenosed and thrombosed access outcomes separately.
‡ Initial success requires anatomic success and success of the pretreatment hemodynamic or clinical indicator.
§ The same hemodynamic or clinical indicator(s) of procedure success should be followed.
� The same hemodynamic or clinical indicator(s) of procedure success should be followed. Include the number and nature of
treatments per patient year of dialysis.
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ity, drug abuse, infection, etc, of the
study group should be tabulated. Pa-
tients considered for study enroll-
ment but not included in analysis
should be described, for example, pa-
tient refusal, immature access (12),
excess risk for procedural complica-
tion (16). All patients who meet se-
lection criteria should be included in
the analysis on an “intent to treat”
basis. For example, those patients in
whom it is not possible to traverse
the lesion (6,44) or in whom the ve-
nous outflow of a thrombosed access
is considered unsuitable for treat-
ment (45) would be included in the
analysis.

ACCESS

Discussion.—Attributes of the ac-
cess circuit itself can affect treatment
outcomes. These include the access
type, duration of implantation, con-
figuration, previous interventions,
and previous insertion of central
catheters.

Autogenous fistulas have longer
expected patencies after initial cre-
ation than PTFE and other synthetic
implants (46). Some series also sug-
gest better primary patencies after
balloon angioplasty for autogenous
fistulas than for PTFE grafts (11,12).

An access that requires an inter-
vention soon after creation may have
an intrinsically shorter expected post-
treatment patency than a more ma-
ture access. One balloon angioplasty
study (12) found a significantly
younger mean access age (8.3
months) at treatment for accesses de-
veloping posttreatment restenosis
within 6 months than the mean ac-
cess age (20.6 months) for accesses
restenosing 1 year following treat-
ment and the mean access age (30.4
months) for those restenosing 2 years
after treatment.

Several recent surgical (13,42,47)
and angioplasty (11) studies suggest
better patencies after treatment for
PTFE grafts configured in a loop
than for straight grafts. Most other
angioplasty studies have ignored
configuration as a factor in posttreat-
ment patency. Central lines cause
concurrent and subsequent central
venous stenosis/occlusion in up to
50% of dialysis patients (31,48–51).
Subclavian insertions appear to cause
more central lesions than internal

jugular insertions (48,49). The num-
ber of ipsilateral central lines (49,52),
catheter indwell times (50,52) and
duration of functioning ipsilateral ar-
teriovenous access (53) have been im-
plicated as risk factors for central
vein lesion development.

It has been suggested that intrinsic
patient factors (ie, hypercoagulability,
volume shifts, medications, etc) may
affect treatment outcome. One author
observed a trend toward a similar in-
terval recurrence in a given patient
regardless of the treatment modality
(44).

Recommendations for Reporting Stan-
dards.—The attributes of the access
circuit that can affect treatment out-
comes should be reported and tabu-
lated when known. These include,
but are not limited to, access type,
configuration, age of the access, and
previous interventions involving the
current access circuit, including the
venous outflow on which the access
is dependent. The number of previ-
ous ipsilateral central catheters, cath-
eter indwell times, duration of func-
tioning ipsilateral access, and central
venous puncture sites should be re-
ported when known, especially for
patients with central vein stenoses/
occlusions. Other attributes that
should be tabulated include access
location (arm, forearm, lower extrem-
ity), and whether the graft is tapered.
Patient attributes that may influence
treatment outcomes, including but
not limited to hypercoagulability,
volume shifts, medications, etc.,
should be reported, when available.

PRETREATMENT
EVALUATION

Discussion.—Pretreatment evalua-
tions include objective and quantita-
tive measures of disease severity. An-
atomic, hemodynamic, and clinical
criteria are used to measure disease
severity.

Recommendations for Reporting Stan-
dards.—Anatomic and at least one he-
modynamic or clinical criterion must
be presented to measure disease se-
verity.

Anatomic Measures of Disease
Severity

Discussion.—The most important
anatomic measure of lesion severity

is angiographic diameter measure-
ment using either conventional arte-
riography (54) or, more recently, dig-
ital subtraction angiography (55).
While iodinated contrast agents have
been most widely used, carbon diox-
ide gas has occasionally been used
for patients with contrast allergy or
intolerance to contrast loads (56). An-
other modality used occasionally is
diameter measurement by means of
surface ultrasound (40,41). These mo-
dalities may not agree with each oth-
er; indeed, Ehrman et al (56) found a
tendency for CO2 gas to exaggerate
the degree of stenosis relative to
standard contrast material during
digital subtraction angiography.

The minimal percent stenosis con-
sidered significant for treatment has
most commonly been 50% diameter
reduction (10–12); however, one
study has suggested that a 40% ste-
nosis (36) may be significant. Percent
stenosis determination is complicated
by several factors including some
that are not influential in peripheral
vascular disease. After surgical estab-
lishment of an access, there is a mat-
uration process in the veins (57)
caused by high pressures, turbulence,
and flows. The venous wall is thick-
ened by intimal hyperplasia and the
vein enlarges. For synthetic dialysis
grafts, the outflow vein usually be-
comes larger than the graft. A similar
situation is seen for any venous ste-
nosis when marked poststenotic dila-
tion develops. In addition, veins nat-
urally enlarge centrally at tributary
confluences. The percent stenosis re-
ported can vary considerably de-
pending on the reference chosen, that
is, the smaller graft or vein upstream
(relative to direction of blood flow)
to the lesion versus a larger vein
downstream (relative to direction of
blood flow). Percent stenosis may
also be affected by the presence or
absence of blood flow in the access at
the time of measurement.

Other important anatomic factors
include lesion location (arterial in-
flow, intragraft, venous anastomosis,
peripheral venous inflow, central
vein), lesion length, lesion multiplic-
ity, and patency of the central ve-
nous “runoff.” These lesion charac-
teristics may be difficult to determine
accurately in an access without flow-
ing blood. Several of the factors may
have prognostic implications. For ex-
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ample, reported patency following
angioplasty of central vein lesions,
especially occlusions, is shorter than
patency following peripheral vein an-
gioplasty (10). In addition, several in-
vestigators have agreed that long le-
sions are less ideal for angioplasty
(30,58–60).

Recommendations for Reporting Stan-
dards.—The technique of lumen visu-
alization (ie, conventional or digital
subtraction angiography, CO2 an-
giography, ultrasound, etc) should be
presented. Unless the techniques
have been validated one against the
other, the same technique should be
used throughout the duration of the
study, including all follow-up inter-
vals. Regardless of the technique, an-
atomic measurements are optimally
made with a calibrated reference
marker in the plane of the imaged
vessel. This improves consistency in
measurements for procedures per-
formed at different times or in differ-
ent institutions with different equip-
ment.

The method of percent stenosis
determination, including the refer-
ence vessel, should be clearly re-
ported. The reference vessel chosen
should be the graft or vein upstream
to the lesion. Although arbitrary, this
method of calculation will minimize
any tendency to overestimate steno-
sis severity; more importantly, this
standardization will allow meaning-
ful comparison of different reports.
The degree of stenosis reported
should be the maximum observed di-
ameter reduction. When possible, fol-
low-up evaluations should use the
same reference vessel as the pretreat-
ment evaluation.

Lesion location, lesion length, le-
sion multiplicity and patency of the
central venous runoff should be de-
scribed.

For lesions associated with a
thrombolysis procedure, the presence
or absence of blood flow in the ac-
cess at the time of measurement
should be indicated for percent ste-
nosis, lesion length, and lesion multi-
plicity.

Hemodynamic Measures of Disease
Severity

Discussion.—Hemodynamic mea-
surements of disease severity have
not been firmly established. The cur-

rently used measures include static
access pressures, venous dialysis
pressures, and Doppler flow rates.

In human dialysis grafts, Sullivan
et al (38) determined the relationship
between static intragraft pressures
and anatomic stenoses for 34 grafts
and found a positive correlation be-
tween graft pressure and severity of
stenosis. Venous line dialysis pres-
sures are routinely measured during
dialysis; unfortunately, these pres-
sures do not necessarily reflect only
intraaccess pressures. Venous line di-
alysis pressures are also affected by
extracorporeal flow rate, dialysis nee-
dle diameter, fistula blood flow rate,
and blood viscosity (43). These fac-
tors can be minimized by measuring
venous dialysis pressures at rela-
tively low extracorporeal flow rates
(30). For autogenous fistulas, static
and dynamic pressures are poor he-
modynamic measures caused by col-
lateralization in the venous outflow.

Access volume flows calculated
with use of Doppler velocity and
graft diameter have been used to
predict thrombosis in several studies
(39,40,61). Nevertheless, correlation
between Doppler determined flow
rates and the presence of significant
stenosis is currently unknown.

Other hemodynamic measures of
disease severity are useful but not
strictly quantifiable; these include
filling of collateral outflow veins and
angiographically visualized flow
rates.

Recommendations for Reporting Stan-
dards.—The same hemodynamic mea-
sure of disease severity should be
used for the duration of the study,
including all follow-up intervals.

When pressures are used to assess
disease severity, the threshold or
range of static or venous dialysis
pressures considered abnormal
should be provided. In addition, the
number of determinations at which
the threshold pressures were deter-
mined should be reported, if avail-
able. When known, the extracorpo-
real flow rates and dialysis needle di-
ameter used during dynamic venous
dialysis pressure determinations
should be provided. For thrombosed
accesses, the static and venous dialy-
sis pressures can be assumed to be
equal to systemic pressure for pur-
poses of keeping track of continuous
data.

When access volume flows are
used to assess disease severity, the
method of determination should be
clearly presented. For thrombosed ac-
cesses, the volume flow can be as-
sumed to be 0.

Clinical Measures of Disease
Severity

Discussion.—A thrombosed access
is the most severe clinical scenario
resulting in complete inability to per-
form dialysis.

Currently, the only widely used
objective clinical measure of disease
severity is the urea recirculation per-
centage. Dialysis recirculation is cal-
culated by: percent recirculation �
(systemic blood urea nitrogen;
BUN) � arterial blood line BUN) �
(systemic BUN � venous blood line
BUN) � 100. A simple relationship
between recirculation and anatomic
stenosis would allow a threshold to
be established above which a high
percentage of accesses would have a
stenosis. Unfortunately, recirculation
is dependent on several factors in ad-
dition to anatomic stenosis. These
factors include extracorporeal blood
flow rates (43,62), fistula flow rate
(34), dialysis needle placement, time
of blood sampling during dialysis,
and the source of the systemic BUN
sample (35). Non–urea-based dilu-
tional methods to determine recircu-
lation percentage are more accurate,
but not widely used because special
equipment is needed (63).

Other clinical measures of disease
severity are not strictly quantifiable
but indicate possible access malfunc-
tion. These include conversion of a
continuous palpable thrill to a pulse
(grafts), extremity edema (venous hy-
pertension), prolonged postdialysis
bleeding, ease of access cannulation,
and electrolyte abnormalities

Recommendations for Reporting Stan-
dards.—Access thrombosis is defined
as complete inability to perform dial-
ysis. Ideally, studies using percent re-
circulation as a measure of disease
severity should report the threshold
or range of thresholds for percent re-
circulation considered abnormal, the
method (dilutional, two-needle), flow
rate, and the time of determination in
the dialysis treatment at which the
percent recirculation was determined.

Difficult to quantify clinical mea-
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sures of disease severity including
changes in physical examination, ex-
tremity edema, prolonged postdialy-
sis bleeding, ease of access cannula-
tion, and so forth, should be re-
corded in binary fashion as present
or absent.

TREATMENT DESCRIPTION

Discussion.—Restoration of func-
tion for a thrombosed access requires
treatment of thrombus. In addition,
treatment of an underlying stenosis
has been reported in over 90% of
cases (5,44). Therefore, treatment of
the thrombosed access is a process
that usually involves several treat-
ment modalities.

Because thrombolysis can be time
consuming and most pharmacome-
chanical and mechanical methods are
physician-intensive procedures, the
time required is an important consid-
eration. Investigators have reported
time to establishment of flow (5,45),
device activation time (64), and pro-
cedure time (6,8,45,65). Procedure
time has been variably reported, in-
cluding preparation time (5,45), ex-
cluding preparation and hemostasis
time (6), and on a room cost basis
(8).

Recommendations for Reporting Stan-
dards.—Regardless of the treatment
modality being reported, sufficiently
clear technical details should be
given to allow other investigators to
replicate the study.

Each treatment modality should
be clearly described in the sequence
utilized. The number of times the
process is repeated and alterations in
the sequence should be presented. If
balloon angioplasty is reported for
stenosis treatment, the balloon pres-
sure, duration of inflation, number of
inflations and choice of balloon di-
ameter and length should be the
minimal technical details provided.
Similar data regarding choice of size
or working diameter should be pre-
sented for devices, when appropriate.
Procedure and postprocedure medi-
cations, including vasodilators, anti-
coagulant and antiplatelet agents,
should also be presented.

For purposes of uniform report-
ing, the following definitions are rec-
ommended:

Procedure Time

The time interval from the start of
percutaneous puncture through the fi-
nal posttreatment angiogram. This in-
terval includes the treatment of throm-
bus and all other endovascular
manipulations. Preparation time and
time to obtain hemostasis are not in-
cluded because wide variations exist
in staffing and room utilization prac-
tices.

Lysis or Thrombectomy Time

The time interval from insertion of
a thrombolytic infusion system or de-
vice to the last maneuver performed to
mobilize, mechanically disrupt, re-
move, or dissolve thrombus. If a ste-
nosis is treated prior to or following
treatment of thrombus, the time re-
quired to treat the stenosis is excluded.
If a stenosis is treated in the middle of
clot extraction or thrombolysis, the
stenosis treatment time should be in-
cluded as part of the lysis/thrombec-
tomy time. Lysis or thrombectomy
time is of secondary importance to
procedure time; however, this time
measure may be useful for comparing
different methods of clot dissolution
and removal. Therefore, reporting of
lysis or thrombectomy time is recom-
mended depending on the purpose of
the study.

Hemostasis Time

For techniques that carry an in-
creased risk of bleeding complications,
for example, those requiring systemic
anticoagulant doses, large puncture,
and so forth, separate data on hemo-
stasis time could be useful. The method
of obtaining hemostasis should be care-
fully described, for example, puncture
tract suture (66), digital manual com-
pression, topical Gelfoam pads (Upjohn,
Kalamazoo, MI) with or without throm-
bin, and so forth. Devices left in situ for
subsequent dialysis should be analyzed
separately, if hemostasis data are avail-
able.

POSTTREATMENT
EVALUATION

Anatomic Success

Discussion.—Anatomic success fol-
lowing treatment for a thrombosed

access has traditionally been deter-
mined simply by reestablishment and
maintenance of flow as determined
angiographically.

Criteria for success following
treatment of stenoses are not as
firmly established. Many authors
have not clearly defined anatomic
success or have reported clinical
and/or hemodynamic patency. Oth-
ers have adopted the anatomic crite-
ria widely used for arterial angio-
plasty, that is, less than 30% residual
diameter stenosis (11–13). The appro-
priateness of these criteria for venous
angioplasty is uncertain.

Recommendations for Reporting Stan-
dards.—For treatment of stenoses, we
currently recommend adoption of
less than a 30% residual diameter
stenosis to report anatomic success.
At a minimum, the percent residual
stenosis required for treatment suc-
cess should be clearly delineated.

For treatment of thrombosed ac-
cesses, restoration of flow combined
with a less than 30% maximal resid-
ual diameter stenosis for any signifi-
cant underlying stenosis are required
to report anatomic success.

Hemodynamic Success

Discussion.—Regarding static and
venous dialysis pressures, there are
currently no uniformly accepted cri-
teria of percent reduction from pre-
treatment values to determine hemo-
dynamic success. One author (67) has
recommended an intragraft venous
limb static systolic pressure/cuffed
brachial systolic pressure ratio �0.33,
or an intragraft arterial limb systolic
pressure/cuffed brachial systolic
pressure ratio �0.50 for hemody-
namic success.

Regarding access volume flows,
there are currently no uniformly ac-
cepted criteria for percent increase
from pretreatment values to deter-
mine success.

Angiographically visualized re-
duction of collateral outflow veins
and improvement in flow rates are
useful collaborative hemodynamic
observations but cannot be reliably
quantified.

Recommendations for Reporting Stan-
dards.—Pending further study, reduc-
tion of venous dialysis pressures to
below predefined threshold values
can be considered evidence of hemo-
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dynamic success. When known, these
thresholds should be clearly defined.
Reduction of static intragraft/cuffed
brachial static pressure ratios to be-
low predefined thresholds can also
be considered evidence of hemody-
namic success. These pressures are
easily obtained in an angiography
suite immediately after intervention
and during follow-up evaluations.

Pending further study, increase in
access volume flows that exceed pre-
defined threshold values can be con-
sidered hemodynamic success. These
thresholds should be clearly defined.

Clinical Success

Discussion.—For previously throm-
bosed accesses, the simple ability to
perform dialysis has traditionally in-
dicated clinical success (5–9,14,44,45,
64,65,68–70), regardless of other clini-
cal, hemodynamic, or anatomic fac-
tors.

The presence of a uniform thrill
throughout a dialysis graft has been
correlated (using ultrasound criteria)
with a 100% positive predictive value
of a normal graft with no anatomic
stenosis (32). On the other hand, lack
of a uniform thrill and presence of a
pulse or a pulse with a thrill have
poor predictive value (32); for such
cases, another indicator will be nec-
essary to confirm procedure success.

Regarding outcomes for stenosis
treatment, there is no established
threshold for reduction in recircula-
tion for defining success.

Resolution of pretreatment clinical
indicators of access malfunction in-
cluding abnormal physical examina-
tion, extremity edema, prolonged
postdialysis bleeding, difficult access
cannulation, and electrolyte abnor-
malities can also provide clinical evi-
dence for success and continued pa-
tency. These are difficult to quantify;
nevertheless, patients are commonly
referred for evaluation because of ab-
normalities of these clinical factors.

Recommendations for Reporting Stan-
dards.—After treatment of a throm-
bosed access, resumption of normal
dialysis for at least one session con-
stitutes clinical success. After treat-
ment of a stenosis, reduction of recir-
culation to below threshold values
constitutes clinical success.

After treatment of either a throm-
bosed dialysis graft or a graft-related

stenosis, a continuous palpable thrill
(no pulse) extending from the arterial
anastomosis can be considered clini-
cal success.

Other difficult to quantify clinical
indicators including extremity
edema, postdialysis bleeding, ease of
access cannulation, and electrolyte
abnormalities can be recorded in a
binary fashion as present or absent.

Device Success

Discussion.—An increasing number
of mechanical devices to treat steno-
ses (eg, atherectomy, stents, etc) and
thrombosed accesses (eg, Amplatz
thrombectomy, Possis, Arrow-Tre-
rotola, etc) are now available. These
devices have specific purposes that
may be considered distinct from over-
all procedure success. Percent clot re-
moval or dissolution is difficult to
quantify because thrombosed accesses
collapse or contain unclotted fluid,
making the total clot volume less than
the theoretical volume (71,72). In addi-
tion, angiographic quantification can
be dangerous because of the risk of pe-
ripheral arterial emboli.

Recommendations for Reporting Stan-
dards.—The specific purpose of a de-
vice should be considered. Devices
for stenosis treatment should meet
maximal residual stenosis criteria for
success. Devices to pulverize or re-
move thrombus can be evaluated for
their effectiveness independent of the
overall procedure success by report-
ing the lysis or thrombectomy time;
however, device success is secondary
to procedure success (see Discussion
below).

PATENCY

Discussion.—Many early investiga-
tors (58–60) reported patency after
excluding initial treatment failures.
Others have reported mean patencies
or patencies of known available pa-
tients at specific posttreatment inter-
vals (15,16,58). Recent investigators,
adhering to current peripheral vascu-
lar reporting requirements, have in-
cluded initial treatment failures and
reported cumulative patencies (5,7,
8,10–14,17,18,65,70) Nevertheless, dif-
ferences in definitions of patency
hamper comparison of these reports.

In addition, patency until the next
necessary intervention may differ

greatly from the patency achieved by
multiple subsequent interventions
(12,18). Further, patency of the lesion
treatment site per se may differ con-
siderably from the patency of the ac-
cess (12,18). The definitions described
below are admittedly arbitrary; nev-
ertheless, they are intended to bring
a degree of uniformity to a disparate
body of literature.

Recommendations for Reporting Stan-
dards.—Patencies should be reported
using the Kaplan-Meier statistical
method (73). In contrast to the surgi-
cal literature where patency is tradi-
tionally reported from the time of ac-
cess creation (1,23,29,42,46), for the
evaluation of percutaneous treat-
ments, patency is measured from the
time of percutaneous intervention.
Since diligence of follow-up will af-
fect outcome assessment, the modali-
ties used, frequency of follow-up,
and patient compliance with fol-
low-up intervals should be clearly
stated.

Procedural success is defined as
anatomic success and at least one in-
dicator of either hemodynamic or
clinical success. Access thrombosis
indicates loss of anatomic, hemody-
namic, and clinical patency. For ste-
noses treated without previous access
thrombosis, anatomic criteria, and
the initially abnormal hemodynamic
or clinical indicator(s) should be
evaluated for continued patency.
Whenever possible, the same ana-
tomic, hemodynamic, and/or clinical
measures used to assess disease se-
verity in a given patient before ther-
apy should be consistently applied to
assess treatment outcomes. Recogniz-
ing that follow-up anatomic data
may be difficult to obtain, at least
one clinical and at least one hemody-
namic indicator should be evaluated
for continued patency. In addition,
continued patency following treat-
ment for access thrombosis should be
differentiated from continued pa-
tency following treatment for an ac-
cess stenosis without thrombosis.
Even when substratification into
thrombosed and stenosed accesses is
not different statistically, the sub-
stratified data should be presented.

Postintervention Primary Patency

Interval following intervention un-
til the next access thrombosis or re-
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peated intervention. Ends with treat-
ment of a lesion anywhere within the
access circuit, from the arterial inflow
to the superior vena cava-right atrial
junction.

Postintervention Assisted Primary
Patency

Interval after intervention until ac-
cess thrombosis or a surgical interven-
tion that excludes the treated lesion
from the access circuit. Percutaneous
treatments of either restenosis/occlu-
sion of the previously treated lesion or
a new arterial or venous outflow ste-
nosis/occlusion (excluding access
thrombosis) are compatible with as-
sisted primary patency. The number
of percutaneous treatments to main-
tain patency should be tabulated and
presented as the number of treatments
per patient year of dialysis. Assisted
primary patency ends with percutane-
ous thrombolysis/thrombectomy or
simple surgical thrombectomy.

Postintervention Secondary Patency

Interval after intervention until the
access is surgically declotted, revised
or abandoned because of inability to
treat the original lesion, choice of sur-
geon, transplant, loss to follow-up,
etc. Thrombolysis and percutaneous
thrombectomy are compatible with
secondary patency. Multiple repetitive
treatments can be included in second-
ary patency. The number and nature
of treatments necessary to maintain
secondary patency should be tabu-
lated and presented as the number of
treatments per patient year of dialysis
and the number of access thromboses
per patient year of dialysis.

Postintervention Lesion Patency

Interval after intervention until the
next reintervention at or adjacent to
the original treatment site or until the
extremity is abandoned for permanent
access because of surgeon choice,
transplant, loss to follow-up, etc. Per-
cutaneous or surgical treatments of a
new arterial or venous outflow steno-
sis/occlusion (including access throm-
bosis) that do not involve or exclude
the original lesion from the access cir-
cuit are compatible with lesion pa-
tency. Creation of a new autogenous
or synthetic fistula that incorporates

the original lesion into the new access
circuit is also compatible with lesion
patency.

Lesion patency will prevent obscu-
ration of the durability of a treatment
modality for a particular lesion by in-
terventions elsewhere in the circuit.
The durability of the treatment modal-
ity will be further reflected in the tab-
ulated data of the number and nature
of treatments required to maintain
posttreatment assisted and secondary
patencies for the entire access circuit.

The purpose of a study will deter-
mine the end points for patency. The
above definitions apply to studies de-
signed to evaluate endoluminal thera-
pies. This committee recognizes that
surgical and percutaneous treatments
are complementary and will often be
used sequentially in a planned treat-
ment algorithm. Studies intended to
evaluate a treatment algorithm that in-
cludes surgical thrombectomy with or
without revision or patch angioplasty
can use the above definitions of
postintervention primary patency and
assisted primary patency. The ulti-
mate value of any treatment algorithm
is patency of the treated dialysis access
which has been reported independent
of lesion patency (12,18,19).

The following definition of access
survival is recommended:

Postintervention Access Patency

Patency after intervention until the
access is abandoned because of sur-
geon choice, transplant, loss to follow-
up, and so forth. The number and na-
ture (ie, thrombolysis, percutaneous
thrombectomy, surgical thrombec-
tomy with or without revision, etc) of
treatments necessary to maintain the
access should be tabulated and pre-
sented as the number of treatments
per patient year of dialysis.

COMPLICATIONS

Discussion.—The most frequent
complications are local complications
related to the access, including punc-
ture site bleeding, venous occlusion/
thrombosis and vascular perforation
(10,12). Some complications are clearly
procedure related (pulmonary embolus
during thrombolysis), whereas others
are not so clearly related to the proce-
dure (graft infection 1 week after per-
cutaneous intervention). Nevertheless,

the dialysis population has many med-
ical problems with one third to one
half having significant cardiac or pul-
monary compromise (74–77) that may
be exacerbated during treatment for a
failing access.

Recommendations for Reporting Stan-
dards.—All events potentially related
to access intervention that occur dur-
ing the time a study is conducted
should be reported. All complica-
tions, including pulmonary and car-
diac events, that occur within 30
days are considered procedure re-
lated. Complications should be moni-
tored and categorized as per SIR cat-
egories (27). They should be graded
in a manner consistent with SIR defi-
nitions of minor and major complica-
tions (27).

COSTS

Discussion.—Several studies have
examined charges (68,78,79) for treat-
ing dialysis patients percutaneously;
however, charges are often arbitrarily
set and may not accurately reflect the
actual resources used for treatment
(80). To our knowledge, only one
small pilot study has examined costs
(81). In this study, the costs of pulse-
spray thrombolysis and surgical
thrombectomy for a single episode of
dialysis graft thrombosis were pro-
spectively compared. Unfortunately,
although the cost for any single treat-
ment or the hospitalization associ-
ated with that treatment may be
lower for one modality than another,
cumulative costs may ultimately be
higher if the other modality is more
durable or safer.

Recommendations for Reporting Stan-
dards.—Whenever possible, costs
should be examined, rather than
charges. Although costs are prefera-
ble to charges for analysis of ex-
penses, direct cost analysis is difficult
to perform. Nevertheless, some indi-
rect measures related to cost can give
some indications of the cost. For ex-
ample, the total number of days of
hospitalization for access malfunction
over time can be compared for differ-
ent treatment modalities. The cost of
equipment used for a procedure and
the number of interventions per unit
time can potentially allow a compari-
son of costs for two different proce-
dures. In addition, the cost of screen-
ing modalities at the frequency uti-
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lized can be readily determined over
time.

Direct cost analysis should include
all expenses required to treat comor-
bid conditions, complications and
failures. When two treatments are
compared, the same method of cost
evaluation should be applied to both
groups. At a minimum, all costs in-
curred until discharge should be ana-
lyzed. Preferably, cumulative costs
per patient for each treatment should
be measured over months or years
for more insightful comparisons.

COMPARISONS BETWEEN
TREATMENT GROUPS

Discussion.—The vast majority of
peer-reviewed publications reporting
results of percutaneous or surgical
interventions for dialysis access lack
a comparison group and are there-
fore feasibility studies. Comparisons
of feasibility study groups with con-
temporary or historical control
groups are of limited usefulness. Be-
cause inclusion and exclusion criteria
may not be known, the baseline char-
acteristics of the historic or contem-
poraneous group may be different.
Basic differences in data analysis can
further hamper comparisons between
studies. For example, studies that al-
low repeated enrollments of the same
patients for treatment of thrombosis
cannot be reliably compared with
studies that allow a patient to be en-
rolled only once. Registries attempt
to inexpensively collect data for
larger numbers of patients than a
single institution could study in or-
der to increase statistical validity.
Nevertheless, these types of study
are subject to favorable selection bias
and also have no comparison control
group. Meta-analyses combine data
from multiple peer-reviewed studies
in an attempt to gain increased statis-
tical power and validity. Although
prospective randomized controlled
studies often require larger numbers
of patients and are more expensive
and time-consuming, the results may
lead to different conclusions than a
meta-analysis (82).

Recommendations for Reporting Stan-
dards.—The Institutional Review
Board status should be provided for
all types of study, including feasibil-
ity studies and retrospective chart re-
views. Randomized controlled trials

are necessary for accurate assessment
of treatment modalities and compari-
son with other treatment modalities
(27). Whenever possible, treatment
groups should be compared in a pro-
spective, randomized controlled fash-
ion. Clearly defined outcome criteria
and sample size justification should
be determined prior to beginning
such studies. Although patient ac-
crual will be slower, reenrollment of
the same patient in feasibility or ran-
domized controlled studies must be
prohibited because two or more
treatments in the same patient are
not independent events. Because
multiple disciplines are involved in
the care of patients with failing or
threatened dialysis access, the ideal
study would compare treatment al-
gorithms to determine the optimal
combined treatment approach that
would yield the longest access sur-
vival with the lowest numbers of
procedures and cost.
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