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Ultrasound Monitoring to Detect Access Stenosis in Hemodialysis
Patients: A Systematic Review

Marcello Tonelli, MD, SM,1,2,3,4 Matthew James, MD,5 Natasha Wiebe, MMath, PStat,1

Kailash Jindal, MD,1 and Brenda Hemmelgarn, PhD, MD,5 on behalf of the
Alberta Kidney Disease Network

Background: Observational studies indicate that routine measurements of access blood flow and
use of Doppler ultrasound improve vascular access outcomes in hemodialysis patients, but randomized
trials reached conflicting conclusions.

Study Design: Systematic review and meta-analysis.
Setting & Population: Adult hemodialysis patients with arteriovenous accesses. Selection Criteria

for Studies: Randomized trials.
Intervention: Screening with access blood flow measurements or Doppler ultrasound.
Outcomes: Thrombosis, access loss, and resource use.
Results: Of 1,613 identified citations and abstracts, 69 full articles were retrieved, and 12 randomized

controlled trials comparing access screening (using access blood flow– or ultrasound-based screening)
with standard care in a total of 1,164 participants were included. In meta-regression, vascular access
type was significantly associated with the relative risk of thrombosis associated with screening (P �
0.01), supporting the need to stratify analyses on access type. In the 4 trials that studied arteriovenous
fistulas, access blood flow– or ultrasound-based screening significantly decreased the risk of access
thrombosis (relative risk [RR], 0.47; 95% confidence interval [CI], 0.28 to 0.77; 360 participants; I2 �
8%), but not the risk of fistula loss (RR, 0.65; 95% CI, 0.28 to 1.51, I2 � 0%) or resource use. Conversely,
no decrease in risk of thrombosis (RR, 0.94; 95% CI, 0.77 to 1.16; 446 participants; I2 � 0%) or access
loss (RR, 1.08; 95% CI, 0.83 to 1.40; I2 � 0%) was identified in trials studying grafts.

Limitations: Overall trial quality was moderate to poor, many trials did not report all clinically or
economically relevant outcomes, and statistical power generally was low.

Conclusions: There was no evidence that screening with access blood flow measurements or
Doppler ultrasound is of benefit to patients with grafts. Access blood flow screening may prevent access
thrombosis in arteriovenous fistulas, but may not reduce the risk of access loss or extent of resource
use. These findings have implications for clinical practice guidelines and for future research.
Am J Kidney Dis 51:630-640. © 2008 by the National Kidney Foundation, Inc.

INDEX WORDS: Hemodialysis; vascular access; diagnostic test; meta-analysis.
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ecause early observational data indicating
that routine Doppler ultrasound studies and

easurements of access blood flow could detect
ubclinical stenosis in hemodialysis vascular ac-
ess, there has been considerable interest in vas-
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ular access screening.1,2 Although multiple ob-
ervational studies and economic analyses of
ccess monitoring with access blood flow moni-
oring or Doppler ultrasound seemed to support
mplementation of these screening strategies,3-6

ubsequent randomized trials reached conflicting
onclusions.

Although created to serve a common purpose,
stulas and grafts have important structural and
unctional differences that might affect the diagnos-
ic properties of screening or influence the capacity
f screening-based intervention to improve clini-
ally relevant outcomes. For example, the high rate
f postangioplasty restenosis in grafts compared
ith fistulas might suggest that even a highly

ensitive screening strategy would be of limited
linical benefit in grafts.7 These differences argue
n favor of evaluating the clinical benefits of screen-

ng for fistulas and grafts separately.

f Kidney Diseases, Vol 51, No 4 (April), 2008: pp 630-640
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Access Screening for Hemodialysis 631
Current clinical practice guidelines recommend
outine screening of permanent arteriovenous (AV)
ccess by using regular access blood flow measure-
ents or Doppler ultrasound studies,8,9 but several

mportant trials have appeared since these guide-
ines were last updated. Given the considerable
osts and adverse clinical consequences of vascu-
ar access dysfunction (and the potential costs of
mplementing an ineffective screening strategy),
his issue is important for patients, clinicians,
nd policy makers. We performed a systematic
eview and meta-analysis of randomized trials
hat examined the clinical utility of access blood
ow– or Doppler-based screening for AV hemo-
ialysis access. Our primary objective was to
etermine whether screening improves clinically
elevant outcomes in hemodialysis patients. Our
econdary objective was to determine whether
ny clinical benefits of screening are greater for
stulas than for grafts.

METHODS
This systematic review is reported according to pub-

ished guidelines.10 We conducted a comprehensive search
o identify all relevant randomized controlled trials of
ccess blood flow and Doppler surveillance in hemodialy-
is patients with permanent AV access regardless of
anguage or publication status. Five electronic databases,

EDLINE (1966 to May 25, 2007), EMBASE (1988 to
ay 25, 2007), the Cochrane Library (May 28, 2007),

ASCAL (1987 to May 25, 2007), and SCOPUS (May 28,
007), were searched. The detailed search strategies are
rovided as supplementary material available with this
rticle at www.ajkd.org. Each citation or abstract was
creened by a subject specialist and a methodologist. Any
tudy considered potentially relevant by at least 1 re-
iewer was retrieved for further review.
The full text of each potentially relevant study was inde-

endently assessed by 2 reviewers for inclusion in the
eview by using predetermined eligibility criteria on a pre-
rinted form. Studies were eligible for inclusion if they were
arallel randomized or quasi-randomized controlled trials
ncluding adult hemodialysis patients with permanent AV
ccess (fistulas or grafts) that compared surveillance by
eans of access blood flow measurements or Doppler ultra-

ound with another (eg, static venous pressure, dynamic
enous pressure, or clinical monitoring) or no form of access
urveillance. Additionally, the studies had to report one of
he following outcomes: access loss (defined as abandon-
ent of the access), thrombosis (regardless of whether it

esulted in access loss), primary patency, secondary patency,
esource use (eg, number of procedures and number of
ospital days), and adverse events (eg, reaction to contrast
edia and bleeding). The primary outcome was access

hrombosis. Disagreements were resolved by discussion and

onsultation with a third party. p
We assessed the study quality of included trials by using
haracteristics associated with internal validity (method of
llocation concealment,11 randomization technique, double
linding, and description of withdrawals12). Allocation con-
ealment was deemed adequate if the study used an off-site
r independent source to assign treatment or coded, opaque,
ealed envelopes. We also extracted data about funding
ource given its potential to introduce bias.13 Two reviewers
ssessed each included study independently. Disagreements
ere resolved with a third party through consensus.
The following properties of each trial were recorded in a

atabase: trial characteristics (country, design, eligibility
riteria, sample size, and duration of follow-up), descrip-
ions of access (type, location, age, and prior interventions),
urveillance strategy (technique, device, schedule, and crite-
ia for referral for angiography), angiography (technique,
eader, and definition of stenosis), type of interventions, and
emographics (age, sex, cause of end-stage renal disease,
omorbidities, baseline access blood flow, and medications).
ne reviewer extracted the data. A second reviewer checked

he data for accuracy.
We analyzed data using Review Manager 4.2.7 (The

ordic Cochrane Centre, The Cochrane Collaboration, Ox-
ord, England) and Stata 8.2 (StataCorp, College Station,
X). Results were pooled in the primary analysis and then
tratified by whether venous pressure monitoring (VP) was
r was not used as a cointervention in sensitivity analysis.
e calculated the relative risk (RR) and relative rate (treat-
ent rate divided by control rate) to summarize dichoto-
ous and rate data (for outcomes, eg, number of interven-

ions, for which each participant can experience � 1 event),
espectively. We assumed a Poisson distribution for the
ates, which gave us a method to estimate the natural
ogarithm for the variance of the relative rates (1/[number of
vents in the intervention group � 0.5] � 1/[number of
vents in the control group � 0.5]).14 Hazard ratios (HRs)
or time-to-event data were extracted directly from the
rticles. Because of the differences expected between trials,
e decided a priori to combine results by using a random-

ffects model.15 This method weights each trial by using the
nverse sum of each trial’s variance and an estimate of
etween-study variance (�2). Statistical heterogeneity was
uantified by using the I2 statistic.16,17 The I2 statistic
pproximates the percentage of total variability (within and
etween study) caused by between-study variability. Given
ur primary hypothesis, we decided a priori to use meta-
egression18 to examine whether access type influenced the
ssociation between access blood flow– or Doppler-based
urveillance and access thrombosis and to analyze results
eparately by access type if results of meta-regression were
ignificant. In a sensitivity analysis, we stratified results by
ethod of surveillance. Publication bias19 was not assessed

ecause of the relatively low number of trials available.

RESULTS

From a total of 1,613 identified citations and
bstracts, 69 full articles were retrieved for detailed
valuation (Fig 1). Two of the included studies20,21
ublished multiple reports22,23 and thus were in-

http://www.ajkd.org
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Tonelli et al632
luded only once in the final tally. Last, 5 studies
ere excluded because they compared different

ypes of accesses24-27 or considered VP alone.28

tudyDesign

Characteristics of included trials are listed in
ables 1 and 2. In total, from 11 primary ar-

icles7,20,21,29-36 (a total of 1,164 participants),
e reported findings from 12 trials after distin-
uishing between the 2 comparisons reported in
mits et al.33 Our � score for agreement was 0.9.
ll these studies compared access screening (us-

ng regular access blood flow measurements or
oppler ultrasound) with standard care during

ollow-up ranging from 6 to 30 months (median,
5 months). In most studies, participants in both
rms received clinical monitoring for access dys-
unction as a cosurveillance technique, although

study35 used clinical monitoring in only the
ontrol group and 1 study21 did not report its use.
n 5 of 12 trials,7,20,30,33,36 standard care also
ncluded dynamic venous pressure for both
roups. Furthermore, both comparisons in Smits
t al33 used static VP in addition to dynamic VP.
n 2 studies, surrogates of access blood flow

decrease in prescribed blood flow and urea p
ecirculation) were used for screening during
arlier periods of the trial, and ultrasound dilu-
ion techniques were introduced later.31,32 Fi-
ally, 1 trial performed access blood flow surveil-
ance by using Doppler ultrasound in all 3 of its
reatment groups every 6 months, but used ultra-
ound dilution every month in 1 intervention
roup and venous pressure every month in the
ther intervention group.34 Last, 2 trials (Smits
t al33 and Sands et al34) compared access blood
ow–based screening directly with dynamic VP.

echniques forAccess Screeningand
nterpretationofAngiography

Access blood flow was measured by using ultra-
ound dilution in 7 trials7,31-34,36 (both trials from
mits et al33). Doppler ultrasound alone was used

n 4 trials,21,29,30,35 and a fifth trial used both
echniques, but in 2 separate arms.20 All trials that
sed Doppler ultrasound were conducted solely in
rafts. Baseline mean access blood flow was re-
orted in 7 of 12 trials7,20,21,30-32,36 (range, 442 to
,801 mL/min; median, 1,108 mL/min). All trials
efined stenosis as a 50% or greater decrease in
uminal diameter, except for 1 trial30 that did not

Figure 1. Flow diagram of
study selection. Abbreviation:
RCT, randomized controlled
trial.
rovide a definition. Four trials7,29,31,36 reported



Table 1. Description of Included Trial Populations

Ultrasound Group

Control Group

Reference Country
Type of Access/Criteria for

Eligibility

Access Location/
Mean Access

Time (mo)

Mean Baseline
Access Blood Flow
(mL/min)/Accesses

With Prior
Interventions (%)

Mean Age
(y)/Men (%)

DM (%)/
CVD (%)

Access Location/
Mean Access
Duration (mo)

Mean Baseline Qa
(mL/min)/Accesses

With Prior
Interventions (%)

Mean Age
(y)/Men (%)

DM (%)/
CVD (%)

Polkinghorne et al,36 2006 Australia Fistula/stable HD for 4 wk
& Qa � 500 mL/min

61% FA/36% UA/3%
other/23*

1,243/NR* 60/65* 35/28† 62% FA/34% UA/4%
other/29*

1,145/NR* 56/71* 28/29†

Tessitore et al,31 2004 Italy Fistula/native mature
functioning, Kt/V � 1.2,
& no prior interventions

FA/17 445/0 58/53 23/40 FA/22 438/0 62/58 23/49

Tessitore et al,32 2003 Italy Fistula/virgin mature
functioning &
Kt/V � 1.2

FA/10* 451/NR 57/60 23/40 FA/16* 473/NR 62/67 27/33

Sands et al,34 1999‡ United States 66% Fistula, 34% graft/NR NR/18 NR/NR 56/NR 26/NR NR/28 NR/NR 60/NR 30/NR
Robbin et al,29 2006 United States Graft/no prior interventions

in previous mo
17% FA/83% UA/9 NR/52 57/48 52/21† 30% FA/70% UA/9 NR/57 58/34 70/25†

Malik et al,30 2005 Czech Republic Graft/virgin 78% FA/20% UA/2%
SC/NR§

769/�0 59/43 47/NR 78% FA/20% UA/2%
SC/NR§

NR/�0 58/45 49/NR

Moist et al,7 2003 Canada Graft/functioning & Qa
� 650 mL/min

68% FA/24% UA/8%
L/21

1,116/�0 63/48 36/57† 76% FA/24% UA/24 1,100/�0 66/53 40/68†

Ram et al,20 2003� United States Graft/NR NR/16/14 1,219/1,253/41/26 55/59/34/51 38/49/NR NR/9 1,333/35 53/38 56/NR
Smits et al,33 2001 A# The Netherlands Graft/NR 93% FA/7% UA/8 NR/NR 61/67 NR/NR 92% FA/8% UA/13 NR/NR 61/38 NR/NR
Smits et al,33 2001 B† The Netherlands Graft/NR 90% FA/10% UA/16 NR/NR 60/43 NR/NR 100% FA/18 NR/NR 62/48 NR/NR
Lumsden et al,21 1997 United States Graft/functioning &

stenosis � 50%
25% FA/72% UA/3%

L/NR
1,716/�0 56/53 41/28† 28% FA/72% UA/NR 1,886/�0 58/44 38/19†

Mayer et al,35 1993 United States Graft/NR 57% FA/43% UA/NR NR/NR NR/NR NR/NR 46% FA/54% UA/NR NR/NR NR/NR NR/NR

Abbreviations: HD, hemodialysis; FA, forearm; UA, upper arm; SC, subclavian; L, leg; Qa, access blood flow; DM, diabetes mellitus; CVD, cardiovascular diseases; NR, not
reported.

*Median
†Just coronary artery disease.
‡Sands et al compared 3 groups: 1 access blood flow screening group, 1 venous pressure monitoring (VP) screening group, and 1 control group. Because the primary

investigators presented this table’s data combined for the access blood flow and VP screening groups, we also present this information combined under the ultrasound group
heading.

§Pooled results for both groups.
�Ram et al compared 3 groups: 2 access blood flow intervention groups (1 using ultrasound dilution and the other using Doppler ultrasound) and 1 control group. The

ultrasound dilution and Doppler ultrasound group data are presented together separated by a virgule.
#Smits et al had 2 trials: 1 used VP as a singular intervention and the other used VP as a cointervention.
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Table 2. Description of Included Study Design Characteristics

Reference, Year

Study Design/
Mean

Follow-up (mo)

No. of Patients
(US/control

groups)
US Description/Technique

Schedule

US Criteria for
Angiography Referral

(mL/min)
Control/

Cointervention(s)

CM Criteria for
Angiography

Referral*

Type of Intervention
(% percutaneous/

% surgical) Thrombosis
Access
Loss

Resource
Use

Polkinghorne et al,36 2006 RCT/18† 69/68 US dilution/every 1 mo �500 or decrease
�20% when Qa
� 1,000

None/CM and dVP Clinical signs,
dVPpresc,
dQb, dClear

33/66 ✓ ✓

Tessitore et al,31 2004 RCT/30† 44/39 US dilution/every 3 mo; Qb
monitoring/every dialysis
session‡

�750 or �25%
decrease

None/CM dQb � 40 mL/min,
recirc urea
� 5%

79/21 ✓ ✓

Tessitore et al,32 2003 qRCT/15† 30/30 US dilution/every 3 mo; Qb
monitoring/every dialysis
session‡

�850 None/NR dQb �30 mL/min,
Recirc urea
�5%

NR/�0 ✓ ✓ ✓

Sands et al,34 1999 RCT/6 63/40 US dilution, sVP/every 1 mo �600 for fistulas,
�800 for grafts

None/Qa every 6
mo using
Doppler US

sVP NR/NR ✓

Robbin et al,29 2006 RCT/38† 65/61 Doppler US/every 4 mo Peak systolic velocity
ratio �2

None/CM Clinical signs, dQb
dClear

100/0 ✓ ✓

Malik et al,30 2005 RCT/13 97/92 Doppler US/every 3 mo Peak systolic velocity
ratio �2 or �25%
decrease

None/CM and dVP Clinical signs,
dVP200, Recirc
urea, dClear

96/4 ✓ ✓

Moist et al,7 2003 RCT/�15 59/53 US dilution/every 1 mo �650 or �20%
decrease

None/CM and dVP dVP200, clinical
signs

NR/NR ✓ ✓

Ram et al,20 2003 RCT/�28 32/34 US dilution/every 1 mo �600 None/CM and dVP Clinical signs,
dQb, dVPpresc

NR/NR ✓ ✓ ✓

Smits et al,33 2001 A RCT/9 27/24 US dilution/every 2 mo �600 sVP and dVP/none sVP, dVP200 87/13 ✓ ✓

Smits et al,33 2001 B RCT/8 37/31 US dilution/every 2 mo �600 None/sVP and
dVP

sVP, dVP200 89/11 ✓ ✓

Lumsden et al,21 1997 RCT/15 32/32 Doppler US/every 2 mo �50% stenosis None/NR Recirc urea
�15%,
dVPpresc

NR/NR ✓ ✓

Mayer et al,35 1993 RCT/21† 35/35 Doppler US/at 3, 6, 12, and
24 mo

NR CM/NR NR 0/100 ✓

Abbreviations: RCT, randomized controlled trial; qRCT, quasi-randomized controlled trial; US, ultrasound; CM, clinical monitoring; dVP, dynamic venous pressure; dVP200,
dVP at blood flow of 200 mL/min; dVPpresc, dynamic venous pressure monitoring at prescribed/actual blood flow; sVP, static venous pressure; Recirc urea, access
recirculation; Qa, access blood flow; Qb, blood flow; dQb, reduction in Qb; dClear, reduction in urea clearance; this would include decrease in Kt/V and urea reduction ratio; NR,
not reported.

*Clinical monitoring criteria for angiography referral: (1) clinical signs, such as loss of thrill, change in bruit/auscultation abnormality, extremity edema, and prolonged
bleeding; (2) sVP; (3) dVP200; (4) dVPpresc; (5) dQb; (6) recirc urea; and (7) dClear.

†Median.
‡A small proportion of participants enrolled early in the trial initially were screened by using urea-based access recirculation rather than access blood flow surveillance. T
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634



t
T
i

T

f
a
a
6
w
t
o
s
t
N
o
c
r
t
e
t
a
r
v
c
i

T

i
u

m
c
p
t
2
b
w
d
o
a
a
1
e
a
f
q

S

s
s
i
f
t
p
t
i

s
D
t
s

R
P
M
T
M
R
T
S
S
S
L
M

a

Access Screening for Hemodialysis 635
hat a radiologist interpreted results of angiography.
hirty-three percent to 100% (median, 87%) of

nterventions were percutaneous.

rial Participants

Sample sizes of the individual trials ranged
rom 51 to 189 participants (median, 92). Mean
ge of participants ranged from 56 to 65 years,
nd the proportion of men ranged from 41% to
8%. Most trials (8 of 12) included only patients
ith AV grafts, usually in the forearm. One

rial34 included patients with either fistulas (66%)
r grafts (34%). Mean age of AV accesses in
tudy participants ranged from 9 to 26 months at
he time of enrollment (median, 17 months).
ine and 6 trials reported baseline prevalences
f diabetes mellitus (range, 22% to 61%) and
oronary artery disease (range, 23% to 62%),
espectively. Only 2 trials7,36 reported the propor-
ion of participants who used aspirin, erythropoi-
tin, or warfarin. Six studies reported informa-
ion for prior access interventions, such as
ngioplasty or surgical revision. Four of 6 trials
eported the percentage with prior access inter-
entions, but only 2 trials20,29 reported the spe-
ific percentage (38% and 60%). Two trials7,31

ncluded participants with virgin accesses.

rial Quality

Quality assessment of included trials is listed
n Table 3. Of these 12 trials, only 3 trials7,29,36

sed an adequate concealment method of treat-

Table 3. Quality Ass

Reference, Publication Year

Concealed
Treatment
Allocation Randomized

obbin et al,29 2006 Yes Yes
olkinghorne et al,36 2006 Yes Yes
alik et al,30 2005 NR Yes
essitore et al,31 2004 No Yes
oist et al,7 2003 Yes Yes
am et al,20 2003 NR Yes
essitore et al,32 2003 No Q
mits et al,33 2001A NR Yes
mits et al,33 2001B* NR Yes
ands et al,34 1999 NR Yes
umsden et al,21 1997 NR Yes
ayer et al,35 1993 NR Yes

Abbreviations: NR, not reported or unclear; Q, quasi-rand
*Smits et al had 2 comparisons: 1 used venous pressure
s a cointervention.
ent allocation. All were fully randomized ex-
ept for 1 trial32 that initially assigned blocks of
atients, rather than individual patients. Few
rials reported blinding patients or investigators;

trials7,20 blinded participants and 1 trial36

linded both participants and the individuals
ho ascertained outcomes. An intention-to-treat
esign was used in 3 of 12 trials.7,20,29 Most (10
f 12) reported some information for withdrawal
nd loss to follow-up. Of these, only 1 trial35 had
percentage of loss to follow-up greater than

0%. Most trials reported public funding sources,
xcept for 1 trial20 that reported a private source
nd 3 trials31,32,35 that reported no information
or funding sources. Agreement on assessment of
uality items ranged from 73% to 100%.

creeningVersusNoScreening

In meta-regression, vascular access type was
ignificantly associated with the RR of thrombo-
is associated with screening (P � 0.01), indicat-
ng that analyses should be performed separately
or fistulas and grafts. In a sensitivity analysis,
he apparent benefit of screening remained more
ronounced in fistulas (P � 0.05) when only
rials that used access blood flow–based screen-
ng were included.

In the primary analysis, trials that evaluated
creening with either access blood flow or
oppler were analyzed together after stratifica-

ion for access type. Three trials of AV fistula
creening reported reasons for angiography

nt of Included Trials

ble-
ind

Intention
to Treat

Description
of Loss to
Follow-up

Loss to
Follow-up

(%) Funding

o Yes Yes 0.8 Public
es No Yes 7 Public
o No Yes 0 Public
o No Partial 5 NR

Yes Yes 0.9 Public
Yes Partial 0 Private

o No No NR NR
o No Partial 4 Public
o No Partial 0 Public
o No No NR Public
o No Yes 5 Public
o No Yes 11 NR

d; S, single-blind.
ring (VP) as a singular intervention and the other used VP
essme

Dou
Bl

N
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S
N
N
N
N
N
N
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Tonelli et al636
eferral other than abnormal ultrasound screen-
ng results in patients with access blood flow
urveillance (24%,31 24%32 [not including 20
articipants for whom results of access blood
ow screening were unavailable], and 71%36).
ine trials reported the frequency of thrombo-

is during follow-up, ranging from 6 to 38
onths. In the 4 trials that studied fistulas

including two thirds of patients from the trial
y Sands et al34), access blood flow surveil-
ance significantly decreased the risk of access
hrombosis (RR, 0.47; 95% confidence interval
CI], 0.28 to 0.77; 18% event rate; Table 4; Fig
). Of 3 trials that reported time to thrombosis,
studied AV fistulas. Time to thrombosis in

atients with AV fistulas was significantly
onger in the surveillance group than in the

Table 4. Overall Outcom

Outcomes No. of Trials

ccess blood flow surveillance v none
Thrombosis 4
Time to thrombosis 2
Access loss 2
Time to access loss 1
Resources
No. of angiographies 1
No. of PTAs 1
No. of surgeries 1
No. of revisions 1
No. of catheter insertions 1
No. of hospitalizations 1

Note: Values in parentheses are 95% confidence interva
Abbreviations: RR, relative risk; HR, hazard ratio; RRt, re
*Statistically significant (P � 0.05).
ontrol group (HR, 0.30; 95% CI, 0.16 to
.56). Two fistula trials reported the frequency
f access loss by treatment group. In contrast
o the findings for access thrombosis, risk of
stula loss was not significantly different in

he surveillance and control groups (RR, 0.65;
5% CI, 0.28 to 1.51; 13% event rate; Fig 3).
ne trial reported time to access loss in pa-

ients with fistulas and found a significant
enefit of access blood flow surveillance (HR,
.38; 95% CI, 0.14 to 0.99). Pooled analyses
id not suggest that access screening signifi-
antly influenced resource use in patients with
V fistulas (Table 4), with the exception of

ess frequent dialysis catheter insertion and
ospitalization (which were reported in a single
rial). Only 1 trial36 reported an adverse event

maries in Fistula Trials

o. of Participants Overall Summary I2 (%)

360 RR, 0.47* (0.28-0.77) 8
158 HR, 0.30* (0.16-0.56) 0
141 RR, 0.65 (0.28-1.51) 0
60 HR, 0.38* (0.14-0.99) —

137 RRt, 1.90 (0.95-3.79) —
137 RRt, 5.88 (0.69-50.34) —
137 RRt, 1.70 (0.71-4.05) —
60 RRt, 0.80 (0.09-7.43) —
60 RRt, 0.20* (0.04-0.88) —
60 RRt, 0.37* (0.16-0.87) —

ate; PTA, percutaneous transluminal angioplasty.

Figure 2. Thrombosis with
access blood flow surveillance
versus standard care. Stan-
dard care could consist of ei-
ther venous pressure monitor-
ing or no access surveillance.
Abbreviations: RR, relative risk;
CI, confidence interval; F, fis-
tula; VP, venous pressure; G,
e Sum

N

ls.
lative r
graft; DU, Doppler ultrasound;
UD, ultrasound diluation.
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Access Screening for Hemodialysis 637
n a patient with a fistula that plausibly was
aused by access blood flow surveillance (ex-
ess bleeding postdialysis).

Conversely, no decrease in risk of thrombosis
RR, 0.94; 95% CI, 0.77 to 1.16; 43% event rate;
able 5; Fig 2) or time to thrombosis (HR, 1.13;
5% CI, 0.71 to 1.80) was identified in trials
tudying grafts. Risk of graft loss was not influ-
nced by treatment group assignment (RR, 1.08;
5% CI, 0.83 to 1.40; 35% event rate; Fig 3).
wo trials measured time to access loss in pa-

ients with grafts and again found no benefit of
creening (HR, 0.51; 95% CI, 0.15 to 1.74).
vailable data suggested that access screening

ignificantly increased certain types of resource
se (number of percutaneous interventions; rela-
ive rate, 1.29; 95% CI, 1.04 to 1.60) in patients

Figure 3. Access loss with
ccess blood flow surveillance
ersus standard care. Stan-
ard care could consist of ei-
her venous pressure monitor-
ng or no access surveillance.
bbreviations: RR, relative risk;
I, confidence interval; DU,
oppler ultrasound; UD, ultra-
ound diluation.

Table 5. Overall Outcom

Outcomes No. of Trials

ccess blood flow surveillance v none
Thrombosis 6
Time to thrombosis 1
Access loss 4
Time to access loss 2
Resources
No. of angiographies 4
No. of PTAs 5
No. of surgeries 2
No. of catheter insertions 1
No. of hospitalizations 1

Note: Values in parentheses are 95% confidence interva
Abbreviations: RR, relative risk; HR, hazard ratio; RRt, re

*Statistically significant (P � 0.05).
ith grafts while decreasing others (risk of dialy-
is catheter insertion; relative rate, 0.59; 95% CI,
.37 to 0.93; Table 5).
In sensitivity analyses, we considered only

rials that considered access blood flow–based
creening in grafts. We found no significant dif-
erences for the outcomes for which data were
vailable: the RR of thrombosis was 0.82 (95%
I, 0.60 to 1.13), and results for resource con-

umption were unchanged. No trials reported the
ffect of access blood flow–based screening on
raft loss. Results were similar when only trials
hat studied Doppler-based screening in grafts
ere considered (data not shown).
Three trials of AV graft screening reported

easons for angiography referral other than abnor-
al ultrasound screenings in patients with access

maries in Graft Trials

o. of Participants Overall Summary I2 (%)

446 RR, 0.94 (0.77-1.16) 0
126 HR, 1.13 (0.71-1.80) —
381 RR, 1.08 (0.83-1.40) 0
315 HR, 0.51 (0.15-1.74) 85

332 RRt, 1.23 (0.94-1.61) 47
521 RRt, 1.29* (1.04-1.60) 42
119 RRt, 1.15 (0.79-1.67) —
101 RRt, 0.59* (0.37-0.93) —
101 RRt, 0.74 (0.24-2.30) —

ate; PTA, percutaneous transluminal angioplasty.
e Sum

N

ls.
lative r
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Tonelli et al638
lood flow surveillance (30%,7 33%,20 and
7%33). Two trials of AV graft screening re-
orted reasons for angiography referral other
han abnormal ultrasound screening results in
atients screened by using Doppler ultrasound
4%20 and 24%29).

enousPressureMonitoring

Stratifying trials by dynamic VP involvement
id not significantly affect results. In fistula tri-
ls, the RR of thrombosis was 0.39 (95% CI,
.23 to 0.65) when dynamic VP was not used and
.25 (95% CI, 0.03 to 2.06) when access blood
ow surveillance was compared directly with
ynamic VP surveillance. Similarly, in graft tri-
ls, the RR of thrombosis was 1.01 (95% CI,
.77 to 1.32) when dynamic VP was not used and
.76 (95% CI, 0.33 to 1.74) when access blood
ow– or Doppler-based surveillance was com-
ared directly with dynamic VP.

DISCUSSION

Our systematic review identified 12 random-
zed trials with a total of 1,164 participants.
ogether, these trials suggest that screening with
ccess blood flow measurements decreases the
isk of access thrombosis in AV fistulas, but that
either access blood flow–based nor Doppler-
ased screening prevents access thrombosis in
V grafts. There was no conclusive evidence that
creening with access blood flow prevents access
oss in either fistulas or grafts. Although preven-
ion of thrombosis might still be a worthwhile
oal if this decreased resource use or improved
uality of life in hemodialysis patients, the pooled
vidence base does not suggest that access screen-
ng achieves these objectives. Given that the
fficacy of screening appears to differ for grafts
nd fistulas, we next discuss the implications of
hese findings separately for each access type.

We and others have been proponents of vascu-
ar access screening based on observational stud-
es indicating that access blood flow monitoring
afely detects subclinical stenosis and that steno-
es identified in this way are amenable to angio-
lasty.1-3,5 The finding that screening prevents
stula thrombosis is promising and suggests that
ccess blood flow screening is worthy of further
valuation in a large-scale randomized trial with

tatistical power to detect decreases in the risk of l
stula loss and in resource use (cost and hospital-
zation). A trial of 850 patients (balanced groups)
ould have 90% power to detect a beneficial

ffect of screening consistent with that reported
n our meta-analysis (HR, 0.65 for fistula loss),
ssuming overall fistula loss of 35% during 3
ears37 and 10% loss to follow-up in each year.
ntil such data are available, clinicians and policy
akers may choose to offer routine access blood
ow screening for patients with fistulas, recogniz-

ng that available data suggest only that screen-
ng decreases the risk of an intermediate clinical
utcome (fistula thrombosis) rather than a more
efinitive outcome, such as fistula loss. How-
ver, given the absence of proven benefit, choos-
ng not to offer routine screening is also reason-
ble at present.

Screening with either access blood flow mea-
urements or Doppler studies can detect stenosis
n AV grafts, but available data do not suggest
hat this technique decreases the risk of a clini-
ally relevant outcome in this patient population.
indings were similar when no-screening and
tatic-VP strategies were selected as the compara-
or and in analyses that considered each screen-
ng technique separately. Why screening appar-
ntly does not benefit patients with grafts despite
fficiently detecting stenosis is unclear. How-
ver, there is substantial literature about the fail-
re of screening to improve outcomes in other
isease conditions, which suggests that such fac-
ors as lead-time bias, length-time bias, and inef-
ective interventions may explain the disparities
etween results of screening strategies in clinical
ractice compared with observational studies.38

n the case of grafts, this may translate to the
etection of indolent lesions (rather than more
linically relevant stenoses that lead to access
oss) or to lack of durable benefit from angio-
lasty. Either way, presently available data do
ot support routine screening for patients with
V grafts, a finding that should be considered in

uture clinical practice guidelines. The lack of
enefit from screening despite detection of steno-
is, as well as the well-documented risk of recur-
ent restenosis after angioplasty, suggests that
uture research should investigate how to im-
rove the efficacy of percutaneous intervention
n grafts.

The available literature has several important

imitations. First, overall trial quality was moder-
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te to poor. Although it would be difficult, if not
mpossible, to conduct fully blinded studies of
creening strategies, the requirement that person-
el assessing outcomes (including angiograms)
re unaware of results of screening studies ap-
ears feasible. In addition, allocation conceal-
ent and intention-to-treat analyses are imple-
ented easily and would materially improve trial

uality. Second, our findings suggest that future
rials should be restricted to a single access type
either grafts or fistulas, but not both). Although
ccess blood flow is the logical modality for
dditional study of fistulas, current data do not
llow us to determine which (if either) of access
lood flow– or Doppler-based screening would
e preferable in grafts. Third, many trials did not
eport all clinically or economically relevant
utcomes. We suggest that future studies report
hrombosis, access loss, costs, and hospitaliza-
ion rates by treatment group to facilitate the
nterpretation of results. Finally, the biggest limi-
ation of the available studies is inadequate statis-
ical power, especially for analyses relating to
he effect of screening on fistula loss (which
ere based on 2 studies with a total of 141
articipants). Given the high cost of maintaining
ascular access for hemodialysis, as well as the
otential consequences of implementing a poten-
ially ineffective screening strategy, we believe
hat a definitive clinical trial is justified despite
ts inevitable challenges.

Although systematic reviews have potential
imitations, we conducted and reported this anal-
sis according to published guidelines aimed at
educing bias.10 Nonetheless, as with all system-
tic reviews, the strength of our conclusions is
nfluenced by the quality of the studies on which
hey are based. The method limitations noted
end to bias toward type I error (finding an
pparent benefit of screening when none exists).
ogether with the point estimates for the effect of
creening on thrombosis and access loss that
ere close to unity, our conclusions are unlikely

o be incorrect for grafts. However, we cannot
xclude the possibility that screening does not
ruly decrease the thrombosis rate in fistulas,
upporting our contention that a definitive trial is
equired to support existing guidelines and in-
orm clinical practice.

In conclusion, there was no evidence that

creening with either access blood flow or Dopp- m
er ultrasound is of benefit to patients with AV
rafts. Although access blood flow screening
ppears to prevent access thrombosis in AV fistu-
as, there was no evidence that screening with
ccess blood flow prevents access loss in patients
ith fistulas. These findings have implications

or clinical practice guidelines and future re-
earch.
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