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Abstract
Background/Aims: Vascular access thrombosis is one of
the most morbid problems encountered by hemodialysis
patients. Surveillance protocols utilizing venous pressure (Vp) and vascular access blood flow (VABF) measurements have been employed to preserve vascular
access. We undertook a study to evaluate combined
dynamic Vp and VABF measurements in the identification of vascular access impairment. We also assessed
the effect of preventive repair on thrombosis rates in
impaired vascular accesses identified by surveillance.
Methods: Eighty-six chronic hemodialysis patients with
a functioning vascular access were enrolled into the surveillance protocol. All vascular accesses with greater
than 50% of monthly Vp readings 1 120 mm Hg or VABF
!500 ml/min in arteriovenous fistulas (AVFs) and VABF
!650 ml/min in arteriovenous grafts (AVGs), or a decrease in VABF 1 25% compared to the highest previously measured value, were considered positive. Stenosis
150% on fistulography or a thrombotic event were defined as a ‘vascular access impairment episode’ while a
stenosis !50% or the absence of a thrombotic event was
defined as ‘no vascular access impairment episode’.
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Thrombosis rates and intervention rates were calculated
per access year at risk. Results: The sensitivity and specificity of the combined surveillance protocol for AVFs
were 73.3 and 91%, respectively. In AVGs, they were 68.8
and 87.5%, respectively. The rate of thrombotic events
was lower in patients who underwent early repair. The
addition of dynamic Vp did not reduce the thrombosis
rate any further than surveillance based on VABF alone.
Conclusion: Combined monitoring for surveillance of
AVFs improved sensitivity but had little benefit in AVGs
over VABF monitoring alone. Raising VABF cutoff levels
might increase and improve identification of vascular
access risk for thrombosis, but at the expense of lower
specificity.
Copyright © 2003 S. Karger AG, Basel

Introduction

Hemodialysis vascular access thrombosis is the most
common cause of access impairment [1]. Early studies
addressing this problem demonstrated that uncorrected
stenosis is ultimately associated with thrombosis [2–4]. A
few studies have suggested that preventive repair of stenotic lesions decreases thrombosis and may increase the
longevity of the vascular access [4–6]. It is therefore logical that prospective surveillance protocols aimed at the
detection and subsequent correction of these stenotic lesions have been developed. Venous pressure (Vp) mea-
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Patients and Methods
Vascular Access Protocol
A vascular access surveillance protocol was initiated on July 1
2000 to identify vascular accesses at risk for impairment (stenosis
1 50% by fistulography or access thrombosis) and to reduce the
thrombosis rate by intervening with early repair (angioplasty alone,
angioplasty plus stenting or surgical revision). The surveillance protocol was based on the combination of dynamic Vp measurements
(Cobe Centry 3 hemodialysis machines) and VABF measurements.
Dialysis machine Vp measurements were recorded at a blood flow
rate of 200 ml/min during the first 5 min of each hemodialysis session using 15-gauge needles, as previously described [7]. VABF was
measured with the ultrasound dilution technique (HD01 Monitor,
Transonic Systems, Inc., Ithaca, N.Y., USA) at a hemodynamically
stable time during the hemodialysis treatment [8]. All VABF measurements were performed in duplicate to assure accuracy. When 2
measurements differed by more than 10%, a third measurement was
taken and the average of the measurements was calculated. The
VABF was measured monthly in AVGs and bimonthly in AVFs,
though some AVFs were also screened monthly. Patients who met
positive surveillance criteria were referred for fistulography. Positive
criteria were defined as follows: (1) vascular accesses with greater
than 50% of monthly Vp readings 1 120 mm Hg, (2) VABF ! 500
ml/min in AVFs, (3) VABF ! 650 ml/min in AVGs, and (4) a
decrease in VABF 1 25% compared to the highest previously measured value in AVFs and AVGs [18, 19]. Abnormal VABF measurements were confirmed at the start of one of the following hemodialy-
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sis sessions to increase accuracy [20]. Other fistulography referral
indications were prolonged bleeding and aspiration of excessive clots
during needling of the vascular access. Patients were scheduled for
fistulography within 8 weeks following a positive surveillance test. A
stenosis 1 50% on fistulography was considered significant and an
indication for angioplasty, stent placement or surgical revision.
Study Design
One hundred and five adult patients with a functioning AVF or
AVG as their primary vascular access for at least 3 months were
undergoing hemodialysis at the Gambro Healthcare-Yale University
Dialysis center during the period of July 1 2000 through March 31
2001. Eighty-six of them were enrolled into the surveillance study.
Nineteen patients were excluded from study for the following reasons: refusal to undergo VABF measurements (n = 4), immeasurable
VABF (n = 2) or less than 3 months of follow-up (n = 13) due to
transplantation (n = 1), death (n = 2) and late entry into the study (n =
10).
Each individual patient was only enrolled once. Demographic
data such as age, race, gender and pertinent characteristics were obtained, as well as the time on dialysis, the age of the vascular access
and the type of vascular access. All episodes of thrombosis and the
number and type of interventions (fistulography, surgical revision or
thrombolysis) were recorded. The thrombosis rate and intervention
rate for the vascular accesses were calculated as the total number of
thrombotic events and interventions per access over the total access
years at risk.
The results of the surveillance protocol were evaluated in the following manner. Each surveillance measurement was examined over
the following 8 weeks in relation to (1) fistulogram result, (2) thrombotic event or (3) absence of a thrombotic event. Presence of stenosis
1 50% on fistulography or occurrence of a thrombotic event were
defined as a ‘vascular access impairment episode’, while a stenosis
! 50% or the absence of a thrombotic event were defined as ‘no vascular access impairment episode’. An 8-week period was arbitrarily
determined as a practical interval within which evaluation based on
the surveillance measurement was undertaken. Every positive surveillance measurement associated with either a stenosis as demonstrated by fistulography or a thrombotic event within 8 weeks met the
criteria for a vascular access impairment episode (true positive surveillance measurement). Negative surveillance results associated
with either a stenosis on fistulography or a thrombotic event within 8
weeks also met the criteria for a vascular access impairment episode
(false negative surveillance measurement). Accesses not associated
with either stenosis or thrombosis during the 8 weeks following a
positive surveillance measurement (Vp or flow) were considered to
have no vascular access impairment episode (false positive surveillance measurement). Accesses not associated with either stenosis or
thrombosis during the 8 weeks following a negative surveillance measurement were considered to have no vascular access impairment
episode (true negative surveillance measurement). Each test was
independently analyzed.
To allow calculation of thrombosis rates, patients were divided
into 3 groups based on the following criteria: those who never had
positive surveillance criteria (group 1), those who had positive surveillance criteria and underwent an elective repair within 8 weeks
(group 2), and those who had positive surveillance criteria but did
not always follow the study protocol for repair within 8 weeks (group
3). Patients who developed access thrombosis prior to undergoing
repair (within 8 weeks following a positive surveillance test) were
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surement (static or dynamic) is one form of surveillance
that has been shown to be useful in identifying arteriovenous grafts (AVGs) with stenosis [2, 7]. However, Vp
measurements are an insensitive predictor of failing native arteriovenous fistulas (AVFs) [3]. More recently, the
ability to measure vascular access blood flow (VABF)
employing the ultrasound dilution technique has improved our ability to identify vascular accesses at risk for
thrombosis [8, 9]. In several studies, VABF was an effective surveillance tool to identify patients at risk of developing thrombosis in both AVGs and native AVFs [9–14].
Moreover, it has clearly been shown that screening based
on VABF is superior to Vp monitoring in reducing the
thrombosis rate in AVGs and AVFs [15, 16]. In AVGs,
static Vp monitoring appears to be equivalent to VABF in
reducing the thrombosis rate [15]; however, this finding
has not been confirmed in other studies [13]. In fact, one
publication suggested that VABF measurements and dynamic Vp measurements did not correlate [17]. In light of
these data, we implemented a surveillance protocol based
on the combination of dynamic Vp and VABF in AVGs
and AVFs. Our objective was to assess the combination of
these two methods as compared with either alone in the
detection of access impairment and the prevention of access thrombosis.

Table 1. Sensitivity and specificity of combined and separate surveillance measurements (VABF, dynamic Vp) in AVFs

Table 2. Sensitivity and specificity of combined and separate surveillance measurements (VABF, dynamic Vp) in AVGs

Criteria

Criteria

No VA
impairment

VABF or dynamic Vp1
Positive
Negative
Total

22
8
30

25
254
279

VABF alone2
Positive
Negative
Total

17
13
30

16
188
204

Dynamic Vp alone3
Positive
Negative
Total

14
16
30

9
258
267

1
2
3

VA
impairment

No VA
impairment

309

VABF or dynamic Vp1
Positive
Negative
Total

62
28
90

30
209
239

329

234

VABF alone2
Positive
Negative
Total

55
35
90

17
199
216

306

297

Dynamic Vp alone3
Positive
Negative
Total

24
66
90

13
187
200

300

VA = Vascular access.
Sensitivity: 73.3%; specificity: 91%.
Sensitivity: 56.6%; specificity: 92.2%.
Sensitivity: 46.6%; specificity: 96.6%.

placed into group 3. Subgroup analysis for the different types of vascular access (AVFs and AVGs) was performed.

1
2
3

VA = Vascular access.
Sensitivity: 68.8%; specificity: 87.5%.
Sensitivity: 61.1%; specificity: 92.2%.
Sensitivity: 26.6%; specificity: 93.5%.

The surveillance data of 86 patients were used for analysis. Forty-four patients had AVGs (51.2%) and 42 patients had AVFs. A total of 76 fistulograms were performed; 73 (96%) met the criteria for stenosis (stenosis
150%). 92% of the stenotic lesions were located in the
venous limb of the vascular access, while only 4% were
located on the arterial side of the access. 46 stenoses were
identified as a result of surveillance fistulography, 8 stenoses were identified when evaluated for prolonged access
bleeding and 19 stenoses were noted following thrombolysis for an episode of access thrombosis.
The sensitivity and specificity of the vascular access
surveillance protocol were calculated separately for AVFs
and AVGs (tables 1, 2). In AVFs, 12 stenoses were predicted by 22 positive combined surveillance criteria. Sev-

enteen positive VABF measurements (only 1 identified by
a 25% decrease in access flow) revealed 10 stenoses and
14 positive dynamic Vp measurements revealed 7 stenoses. Twelve positive VABF measurements were not followed by either fistulography or access thrombosis (false
positive). Three positive VABF measurements in 2 patients with an AVF were false positive, as proven by fistulography (stenosis !50%). Nine positive Vp measurements were not associated with access impairment (false
positive). Eight significant stenoses were not predicted by
either surveillance test (false negative). These included 4
stenoses noted following a thrombotic event and 4 stenoses identified by prolonged access bleeding.
In AVGs, 39 stenoses were predicted by 62 positive
combined surveillance criteria. Fifty-five positive VABF
measurements revealed 37 stenoses (3 identified by a 25%
decrease in access flow) and 24 positive dynamic Vp measurements revealed 18 stenoses. Two positive Vp measurements in 1 patient with an AVG were noted to be false
positive by fistulography (stenosis !50%). Fistulography
did not demonstrate any false positive VABF measurements in the AVGs, whereas 17 positive VABF measurements were not associated with access thrombosis (in the
absence of fistulography). Thirteen positive Vp measurements were not associated with vascular access impairment (false positive). Fourteen significant stenoses were
not predicted by either surveillance measurement; 10 ste-

Vascular Access Surveillance

Am J Nephrol 2003;23:403–408

Statistical Analysis
The two-tailed, unpaired Student’s t test and the ¯2 analysis were
used. Statistical significance was reached at p ! 0.05. Confidence
intervals were constructed using 95% boundaries around the mean
values, and expressed as standard deviations. All calculations were
performed using the SPSS 9.0 Windows software package.

Results

405

Downloaded by:
Nanyang Technological Univ.
155.69.24.171 - 8/1/2017 6:11:58 AM

VA
impairment

Table 3. Baseline characteristics and vascular access data

Total group
(n = 86)
Age, years
Female gender, %
AA race, %
DM, %
Time in HD, days
VA age, days
Observation time, days
VABF, ml/min
Number of thrombotic events
Number of interventions
Intervention rate, n/patient years at risk
Thrombosis rate, n/patient years at risk

55B15
48.8
53.5
34.9
1,577B1,454
1,238B1,298
256B35
1,130B530
19
76
1.26
0.32

AVFs
(n = 42)
53B17
50
57.1
21.4
1,996B1,901
1,564B1,665
258B35
1,290B650
5
22
0.74
0.17

AVGs
(n = 44)
57B14
47.7
50
47.7
1,207B736
920B678
254B36
980B330
14
54
1.76
0.46

AA = African American; DM = diabetes mellitus; HD = hemodialysis; VA = vascular access.
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icantly higher in group 2 (n = 32) compared to group 3
(n = 28) (p = 0.001). This was the same for the thrombosis
rate and intervention rate, calculated as thrombotic
events and interventions per access year at risk (table 4).

Discussion

The principal objective of our prospective observational study was to evaluate the effect of a surveillance protocol based on the combination of VABF and dynamic Vp
measurements on the identification of vascular access
impairment (stenosis 150% or thrombosis). In addition,
we were interested in examining the effect of preventive
access repair on the rate of vascular access thrombotic episodes, since this is an important aspect of early identification of access impairment.
We combined dynamic Vp and VABF measurements
as the foundation for our surveillance protocol. In a previous report, we demonstrated that dynamic Vp monitoring successfully identified AVGs at risk for impairment
(stenosis or thrombosis) and allowed interventions to be
performed that reduced the thrombosis rate (approximately 50%) compared with a historical control group [7].
In other studies, VABF measurements have been recognized as a more accurate monitoring tool for both AVGs
[10, 12, 14, 15, 19] and AVFs [10, 14] as compared with
dynamic Vp measurements. A recent survey showed an
unequalled reduction in thrombosis rate, complication
rate and medical cost using a surveillance protocol based
on VABF measurements [16]. As Bosman et al. [17] did
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noses were revealed by fistulography following thrombotic events and 4 stenoses were identified by prolonged vascular access bleeding.
The baseline characteristics of the 86 patients are summarized in table 3. As noted in table 3, the thrombosis
rate (number per patient years at risk) in all 86 patients
was 0.32 and the intervention rate was 1.26. The thrombosis and intervention rates for AVFs were 0.17 and 0.74,
respectively, and for AVGs, they were 0.46 and 1.76,
respectively.
Of the 86 patients enrolled in the surveillance protocol,
57 patients (66.3%) completely followed the surveillance
protocol (groups 1 and 2), while 29 did not (group 3). Of
the 57 patients following the protocol, 32 (37%) never met
positive VABF or Vp criteria (group 1) and 25 patients
(29%) met positive surveillance criteria and underwent
preventive repair of access stenoses (group 2). Twentynine patients (group 3) did not strictly follow the surveillance protocol (fistulography and preventive access repair). Five out of 29 patients developed thrombosis within 8 weeks when they did not undergo a preventive repair
following identification by positive surveillance criteria.
Five out of 17 patients who did not have a preventive
repair following positive VABF criteria developed access
thrombosis. Two out of 21 who did not have a repair following positive dynamic Vp criteria also developed access
thrombosis. The effects of early access repair on the
thrombosis and intervention rates are shown in table 4.
The number of thrombotic events was significantly higher
in group 3 (n = 12) versus groups 1 (n = 4; p = 0.007) and 2
(n = 3; p = 0.049). The number of interventions was signif-

Table 4. The influence of access surveillance on vascular access thrombosis

Age, years
Female, %
AA race, %
DM, %
AVFs, %
Time in HD, days
VA age, days
Observation time, days
Number of thrombotic events
Number of interventions

Group 1
(n = 32)

Group 2
(n = 25)

Group 3
(n = 29)

p values

48B12
34
53
28
31
1,842B1,686
1,392B1,218
262B29
4

60B15
44
40
48
76
1,491B1,774
1,373B1,903
250B39
3

58B16
62
31
31
52
1,389B713
982B683
254B38
12

0.05#
0.03#
NS
NS
NS
NS
NS
NS
0.007#
0.049*
0.0001#
0.001*
0.0001+

5

32

28

Thrombosis rate, number of
thrombotic events/access year at risk

0.17B0.74

0.17B0.46

0.62B0.98

0.023#
0.032*

Intervention rate, number of
interventions/access year at risk

0.22B0.97

2.54B1.11

1.39B1.17

0.02#
0.00*
0.00+

AA = African American; DM = diabetes mellitus; HD = hemodialysis; VA = vascular access; NS = not significant.
# Comparing groups 1 and 3. * Comparing groups 2 and 3. + Comparing groups 1 and 2.

not find any correlation between Vp and VABF measurements, we undertook a study to examine whether combining the two monitoring methods would improve vascular
access surveillance. Although static Vp is more reliable
than dynamic Vp in identifying patients with significant
venous stenoses [3], we chose dynamic Vp monitoring for
practical reasons and because this method was successful
in our unit [7].
Utilizing our screening protocol and preventive access
repair, we noted a decrease in the vascular access thrombosis rate that was below the rate suggested by the Kidney
Disease Outcomes Quality Initiative guidelines [21].
However, our vascular access thrombosis rates were similar to those previously reported where only VABF screening was utilized [15, 16]. Although we did not have a true
control group, which limits our ability to completely
assess our surveillance results, our ‘control’ group consisted of patients who did not have fistulography following a positive surveillance test and in whom we were able
to observe the natural history of no intervention.
We recognize that to correctly calculate sensitivity and
specificity, fistulograms should have been performed in
all patients regardless of their test results. In view of this

limitation, we calculated sensitivity and specificity using
vascular access impairment as defined by access stenosis
(150%) or thrombosis as the end point. Positive surveillance tests not followed by fistulography or thrombosis
within 8 weeks of the positive test were classified as false
positive. By doing so, the false positive rate became an
overestimation, likely reducing the specificity of the surveillance tests. Combining the two screening methods
resulted in a higher sensitivity in both AVGs and AVFs.
Interestingly, the combination of screening methods offers a higher sensitivity for the detection of stenosis, but
this trend does not hold for thrombosis risk.
The major question that exists is whether stenosis
noted on fistulography is a reasonable surrogate for vascular access failure (i.e. predicting thrombosis). In our survey, 96% of the fistulograms performed revealed a significant stenosis. Supported by previous studies [13], one can
safely assume that not every stenotic lesion is ultimately
associated with vascular access thrombosis. Only hemodynamically significant stenoses, which decrease VABF,
increase the risk for access thrombosis. This finding is
actually supported by our data. Only 2 out of 21 patients
with positive Vp measurements developed vascular ac-
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cess thrombosis when they did not undergo an elective
access repair; however, these 2 patients both met positive
VABF criteria. By combining the two methods, we increased the number of preventive interventions; however,
4 were probably unnecessary. Review of our data reveals
that we missed 3 thrombotic events in AVFs and 3 thrombotic events in AVGs by employing VABF cutoff levels
that were too low. It is notable that 3 out of 4 unpredicted
(by surveillance criteria) thrombotic events in AVFs were
preceded by VABF measurements between 500 and
600 ml/min, and 3 out of 10 unpredicted thrombotic
events in AVGs were preceded by VABF measurements
between 650 and 750 ml/min. The sensitivity of VABF
measurements would have been increased if higher cutoffs (600 ml/min for AVFs and 750 ml/min for AVGs)
had been employed.
To improve sensitivity, it appears that adjusting the
VABF cutoffs to higher levels would provide a greater
benefit than combining VABF with dynamic Vp measurements.
In summary, the vascular access surveillance protocol
that combined VABF and dynamic Vp measurements

provided reasonable sensitivity and specificity in the detection of stenoses in AVFs and AVGs. The combined
surveillance improved sensitivity for AVFs from 56.6 to
73.3%, but made little improvement in AVG sensitivity.
However, the combination did not appear to further
decrease the thrombosis rate as compared with the protocol employing VABF screening alone. Increasing the
VABF referral threshold for AVFs to 600 ml/min and for
AVGs to 750 ml/min could potentially improve sensitivity and reduce vascular access thrombosis rates, especially
in AVFs. This approach will unfortunately reduce specificity. Early access repair following identification by surveillance reduced the overall thrombosis rate, but required a relatively high intervention rate. The addition of
dynamic Vp monitoring probably resulted in unnecessary
elective interventions and cannot be supported as an
adjunct to VABF screening.
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