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ABSTRACT

The National Kidney Foundation Kidney Disease Out-
comes Quality Initiative recommends the routine use of
hemodialysis arteriovenous (AV) access surveillance to
detect hemodynamically significant stenoses and appropri-
ately correct them to reduce the incidence of thrombosis
and to improve accesses patency rates. Access blood flow
monitoring is considered as one of the preferred surveil-
lance method for both AV fistulas (AVF) and AV grafts
(AVG); however, published studies have reported conflict-
ing results of its utility that led healthcare professionals to
doubt the benefits of this surveillance method. We per-
formed a meta-analysis of the published randomized con-

trolled trials (RCTs) of AV access surveillance using
access blood flow monitoring. Our hypothesis was that
access blood flow monitoring lowers the risk of AV access
thrombosis and that the outcome differs between AVF
and AVG. The estimated overall pooled risk ratio (RR)
of thrombosis was 0.87 (95% confidence interval [CI],
0.67–1.13) favoring access blood flow monitoring. The
pooled RR of thrombosis were 0.64 (95% CI, 0.41–1.01)
and 1.06 (95% CI, 0.77–1.46) in the subgroups of only
AVF and only AVG, respectively. Our results added to
the uncertainty of access blood flow monitoring as a sur-
veillance method of hemodialysis accesses.

Hemodialysis access thrombosis is a significant
cause of access loss in hemodialysis patients and a
cause of decreased secondary patency. Stenosis in
the dialysis access is frequently the culprit of access
thrombosis. The hallmark of stenosis is decreased
flow in the access. About 80% of accesses fail
because of thrombosis (1). The frequency of throm-
bosis is several fold lower in arteriovenous fistulas
(AVF) than in arteriovenous grafts (AVG) (2). On
average, the annual frequency of intervention (elec-
tive angioplasty, thrombectomy, or surgical revi-
sion) in mature accesses is approximately four-fold
higher for AVG than for AVF (1,2).

A very promising surveillance method for predict-
ing access stenosis and thrombosis is the monitoring
of access blood flow (3). A noninvasive method

implemented by a number of dialysis centers has been
the ultrasound dilution method proposed initially by
Krivitski (4–7), and shown to have robust accuracy
for assessing access blood flow (6,8). To date, there
have been several clinical trials of different sizes
assessing the role of access blood flow monitoring
and its impact on detecting stenosis and preventing
thrombosis (9–15). However, such trials have shown
conflicting results and have left many doubting the
financial benefits of conducting access blood flow
monitoring to lower the risk of access loss.
We, therefore, pooled the results of available ran-

domized controlled trials (RCTs) published thus far
that assessed the risk of access thrombosis using
access blood flow monitoring. Our hypothesis was
that hemodialysis access blood flow monitoring low-
ers the risk of thrombosis and that its impact on
lowering that risk differed between AVG and AVF.

Methods

Data Sources, Searches, and Included Studies

We performed a systematic review of the avail-
able literature according to the Preferred Reporting
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Items for Systematic Reviews and Meta-Analyses
(PRISMA (16)). An electronic search was conducted
using the MEDLINE, EMBASE, and Cochrane
Library databases from 1980 to 2014 for RCTs
involving dialysis access blood flow measurement.

Our search terms included the following: (i) Sur-
veillance of arteriovenous hemodialysis access and
duplex and thrombosis; (ii) Hemodialysis access and
RCT and flow; (iii) RCT and AVF and flow; (iv)
RCT and hemodialysis access; and, (v) Hemodialy-
sis access flow surveillance and randomized control
and access flow or hemodialysis access flow surveil-
lance or RCT of hemodialysis access flow surveil-
lance and access flow or hemodialysis access
thrombosis or surveillance and RCT. Three authors
(TM, GC, and LS) also manually scanned the refer-
ences in the relevant articles for cross-reference to
other trials conducted, and also reviewed Clinicaltri-
als.gov. The eligibility criteria of studies included
the following: (i) RCTs; (ii) English language;
(iii) Access blood flow assessed either directly
through ultrasound dilution or ultrasound Duplex
methods; (iv) Hemodialysis access being a AVG or
AVF, or both; (v) Thrombosis reported either as a
primary or secondary outcome; and, (vi) Data avail-
able for extraction. Reviews, observational studies,
and clinical trials that did not clearly define out-
comes or that did not have thrombosis as an out-
come were excluded.

Assessment of Quality and Data Extraction

We used the Consolidated Standards of Report-
ing Trials (CONSORT) check list to assess the qual-
ity of included trials (17). The quality of studies was
based on the randomization, the blinding, the simi-
larity of both groups at baseline, and eligibility
criteria. The literature search yielded 879 articles.
Initially, each abstract and when necessary each full
article was reviewed for abstraction of RCTs by
two authors (TM and GC). The interrater agree-
ment was excellent with a kappa of 0.856. Disagree-
ments on eligibility criteria for abstraction of a
potential study were resolved by the consensus of
three authors (TM, GC, and LS). Of those 879, 868
studies were not randomized or did not meet the
inclusion criteria, which left 11 studies. However,
four had no pertinent data. Thus, seven studies
(9–15) were eligible for analysis (Fig. 1).

The study by Smits et al. (10) used access blood
flow in two substudies (study A: venous pressure
versus access blood flow; and study B: venous pres-
sure versus access blood flow plus venous pressure)
and consequently, it was separated in two studies.
In the study by Ram et al. (11), the group that used
ultrasound duplex without reporting the access
blood flow was not included in the meta-analysis.
All studies except Scaffaro et al. (15) used the ultra-
sound dilution method. Scaffaro et al. (15) esti-
mated the access blood flow with the ultrasound
duplex method applying the formula:
V = r2 9 Vaverage 9 60, where V indicated flow in

milliliters per minute; r, ray of the segment; Vaverage,
average of the velocity in centimeters per second;
and 60, correction factor. All studies except Scaff-
aro et al. (15) had financial disclosures. Extracted
data included type of access (AVG or AVF), the
number of patients with thrombosis, and surveil-
lance methods used for controls. We contacted
authors of included studies to obtain unpublished
data.

Risk of Bias

The plan to minimize publication bias was to
include also studies only published as abstracts;
however, our search for abstracts of meetings did
not provide any study with enough data for inclu-
sion in this investigation. The extent to which the
review of the MEDLINE, EMBASE, and Cochrane
Library databases is free of bias and can draw a
conclusion about the effect of hemodialysis access
blood flow monitoring in the risk of thrombosis of
AVG and AVF depends on whether the data and
results from the included studies are valid.

Data Synthesis, Outcome, and Statistical
Analysis

The outcome of interest was access thrombosis.
Thrombosis could be either reported as the primary
or secondary outcome in the studies. The control
group was defined as the one that used clinical
assessment (difficult cannulation, pulling clots dur-
ing cannulation, prolonged bleeding after needle
removal, aneurysm formation, extremity edema, re-
circulation, low urea reduction ratio or Kt/V), static
venous pressure, or dynamic venous pressures of
the access as surveillance methods. The access blood
flow-monitoring group was defined as the one in
which access blood flow measurements were addi-
tionally implemented using noninvasive ultrasound
dilution or duplex methods.
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Fig. 1. Flow chart of the selection of studies.
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We estimated the pooled risk ratio (RR) and the
95% confidence interval (CI) of thrombosis for the
access blood flow-monitoring group compared to
the control group. The statistical analysis was per-
formed using both the fixed and random effects
models; however, estimates were reported according
to the effect quality test or the Cochran’s Q test
and the I2 statistics that assessed for heterogeneity
of studies gathered and estimate the percentage of
variability across studies attributable to heterogene-
ity beyond chance (18). In a fixed-effects model, the
assumption was made that there was one true effect
size, which underlies all studies in the analysis and
that differences in observed effects were due to sam-
pling error. A random effects model assumes that
the true effect varied from study to study, which
makes the estimate of the pooled effect size more
conservative (18). In a subgroup analysis, the
pooled RR and 95% CI of thrombosis were esti-
mated in subgroups or studies that either enrolled
patients with only AVG or only AVF. Statistical
analyses were done using the STATA 12.1 software
package (StataCorp., College Station, TX, USA),
and statistical significance was recorded with a
p value < 0.05 or 95% CI that excluded 1.

All authors had full access to the data. All
authors were responsible for the decision to submit
the manuscript for publication.

Results

All studies combined included a total of 727
patients with hemodialysis vascular access of whom
395 had AVF and 332 had AVG. Sample size ran-
ged from 51 to 137 patients in studies. Three studies
consisted of only AVF and three consisted of only
AVG, while one consisted of both type of accesses.
Two studies (9,11) were done in the United States,
one in Canada (12), one in Australia (14), one
in Brazil (15), one in Italy (13), and one in the
Netherlands (10).

All studies used clinical assessment during every
dialysis treatment in both active and control groups.
In the active group, the surveillance method of the
access blood flow in six studies was ultrasound dilu-
tion (9–14), and one study used ultrasound duplex
(15). In the control group, the surveillance method
of the access in two studies was static pressure
(9,10), two studies used dynamic venous pressure
(10,12), and one study measured the velocity by
ultrasound duplex (9). Table 1 included other
important patient demographics such as age, sex,
and history of diabetes.

Seventy six of 347 (21.9%) and 90 of 380
(23.7%) patients had hemodialysis access throm-
bosis in the access blood flow-monitoring and the
control groups, respectively (Table 2). The esti-
mated overall pooled RR of thrombosis was 0.87
(95% CI, 0.67–1.13) favoring access blood flow
monitoring (Fig. 2). There was no significant het-

erogeneity (Q test v2 of 8.91 with 7 degrees of
freedom p = 0.26) among studies that had mild
variability (I2 of 21.5%). The study by Tessitore
et al. (13) had the highest fixed effect weight of
20.26% with the RR of 0.42 (95% CI, 0.20–0.86).
In that study, the access blood flow-monitoring
group compared to the control group had a sig-
nificantly lower frequency of thrombosis (18.6%
versus 44.4%, respectively). Overall, five studies
showed benefit of access blood flow-monitoring
versus control (9,10,12,13,15). The benefit was
noted in three studies involving AVG (9,10,12)
(Fig. 3) and in three studies involving AVF
(9,13,15) (Fig. 4). In the subgroup of AVG, 52 of
163 (31.9%) and 51 of 169 (30.2%) patients had
thrombosis in the access blood flow-monitoring
and the control groups, respectively. In the sub-
group of AVF, 24 of 184 (13%) and 39 of 211
(18.5%) patients had thrombosis in the access
blood flow-monitoring and the control groups,
respectively. The pooled RR of thrombosis were
1.06 (95% CI, 0.77–1.46) and 0.64 (95% CI,
0.41–1.01) in the subgroups of only AVG and
only AVF, respectively. There was no significant
heterogeneity among studies pooled in the AVG
(Q test v2 of 1.64 with 4 degrees of freedom
p = 0.80; I2 of 0%) or AVF (Q test v2 of 3.23
with 3 degrees of freedom p = 0.36; I2 of 7.2%)
subgroups.

Discussion

The National Kidney Foundation Kidney Disease
Outcomes Quality Initiative recommends that access
blood flow with ultrasound dilution be monitored
monthly (3). In this meta-analysis, results showed
that surveillance of hemodialysis vascular access
with the additional use of access blood flow moni-
toring had a 13% lower risk of thrombosis,
although its effect was not statistically significant
(95% CI included 1). In the subgroup analysis,
access blood flow-monitoring impact on the risk of
thrombosis differed between AVG and AVF. In
ESRD patients with AVG, the risk of thrombosis
was 6% higher in those assigned to the access blood
flow group compared to controls. In ESRD patients
with AVF, the risk of thrombosis was 36% lower in
those assigned to the access blood flow group com-
pared to controls. However, these associations were
not statistically significant. Subgroup analyses were
in both cases underpowered and should be viewed
cautiously and only as hypothesis-generating for
future research.
The actual beneficial effect of access blood flow

monitoring on the risk of thrombosis was smaller
than the one predicted in the RCTs that clearly
defined a beneficial effect with power calculations
(10,12,13). Smits et al. (10) and Moist et al. (12)
predicted that by measuring AVG blood flow, the
expected risk of thrombosis would be 25–60%
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lower compared to controls monitored by measur-
ing the dynamic and/or static venous pressures;
however, the actual risk of thrombosis were 3%
and 11% lower in the AVG blood flow group
compared to controls group of the Smits-study A
and Moist study, respectively (see Table 2). By
contrast, the risk of thrombosis was 34% higher
in the AVG blood flow group compared to con-
trols of the Smits-study B (see Table 2). Tessitore
et al. (13) predicted that with the measuring of
AVF blood flow, the risk of thrombosis would be
at least 200% lower compared to controls moni-
tored by only clinical assessment; however, the

actual risk of thrombosis was only 58% lower in
the AVF blood flow group compared to controls
(see Table 2).
There were important differences among the stud-

ies included in this meta-analysis. Trials had sub-
stantial discrepancy in the sample size; however,
size did not appear to influence the result. It is
notable that the only study that showed a signifi-
cantly lower risk of thrombosis monitoring the
access blood flow was the one with the smallest
sample size (13). Among the two studies with the
largest sample size, one showed a lower (12) but
the other a higher (14) risk of thrombosis (both

Fig. 2. The use of access blood flow monitoring and the risk of thrombosis in hemodialysis ESRD patients with graft or fistulas.

TABLE 2. Number of patients with events and thrombosis proportions stratifying by access blood flow-monitoring and control groups

All studies

Access blood flow group Control group

Number with events/N Thrombosis % Number with events/N Thrombosis %

Moist (12) 14/59 23.7 13/53 24.5
Ram (11) 17/32 53.1 16/34 47.1
Polkinghorne (14) 6/69 8.7 4/68 5.9
Tessitore (13) 8/43 18.6 16/36 44.4
Smits-study A (10) 4/27 14.8 4/24 16.7
Scaffaro (15) 9/53 17 14/58 24.1
Smits-study B (10) 16/37 43.2 10/31 32.3
Sands (9) 2/27 7.4 13/76 17.1
Sands subgroupsa

Sands only graft (9) 1/8 12.5 8/27 29.6
Sands only fistula (9) 1/19 5.3 5/49 10.2

a

Sands’ study included patients with both fistula and graft. N = number of patients used in denominator to calculated proportion of
patients with thrombosis.

HEMODIALYSIS ACCESS BLOOD FLOW AND RISK OF THROMBOSIS E27



nonsignificant effect) in the access blood flow group
compared to controls. The proportion of thrombo-
sis varied substantially between 5.3% and 53.1%
among trials. The only appreciable association with

thrombosis was a lower proportion in patients with
AVF compared to those with AVG. It is important
to also highlight that the frequency of the access
blood flow monitoring varied from monthly to

Fig. 4. The use of access blood flow monitoring and the risk of thrombosis in hemodialysis ESRD patients with fistulas.

Fig. 3. The use of access blood flow monitoring and the risk of thrombosis in hemodialysis ESRD patients with grafts.
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thrice monthly among the trials (see Table 1). In
only four studies (9,11,12,14), the access blood
flow was monitored monthly as recommended by
the Kidney Disease Outcomes Quality Initiative
guidelines (3).

Our study has limitations worth mentioning. This
meta-analysis is limited to only seven trials and the
sample size limited the power to detect small differ-
ences, particularly in the subgroup comparisons. We
only screened trials published in the English lan-
guage which might have limited our access to other
studies published in other languages. We limited
our analysis to assessing the risk of thrombosis
without assessing the risk of stenosis when compar-
ing different vascular access surveillance methods;
however, thrombosis is a “hard” outcome that is
free of ascertainment bias or diagnostic interpreta-
tion as stenosis may be. Our meta-analysis is also
limited by the strength of included studies; however,
we only included RCTs, excluding observational
studies of lower strength and a higher chance of
overestimating the true effect.

Conclusion

The benefit of AV access surveillance using access
blood flow monitoring to lower the risk of throm-
bosis is uncertain and varies substantially between
AVG and AVF. No consensus can be reached
regarding the utility of access blood flow monitoring
to predict stenosis of hemodialysis vascular accesses.
With vascular access-related morbidity accounting
for up to 50% of total dialysis patient costs (19,20),
it will be important to conduct well-powered multi-
center randomized trials that compare the different
methods of surveillance to lower the risk of vascular
access stenosis and thrombosis, preventing hemodi-
alysis access loss.
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