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Abstract

AIM: Symptomatic steal syndrome is one of the major complications following arteriovenous access fistula (AVF).
The aim of this study is to investigate the association between AVF anastomosis diameter and the incidence of
symptomatic steal syndrome.

METHODS: A total of 103 patients with AVF were enrolled retrospectively in the study. There were two groups in
the study, 77 patients with clinical symptomatic steal syndrome and 26 controls with mature AVF with no symptoms.
Anastomosis diameter was measured at the site of anastomosis and recorded at different fistula locations. Patient
demographic, risk factors, and access characteristics were recorded.

RESULTS: Symptomatic steal syndrome was more common among female patients (75.4%). Symptomatic steal
syndrome was more prevalent in patients with diabetes mellitus (DM), 77.8%, p < 0.001. The mean anastomosis
diameter in patients with symptomatic steal syndrome was 3.74 (+ 1.47) mm and in the control group 4.07 (+ 1.79)
mm, which indicates no significant difference in the anastomosis diameter, p = 0.425. Analysis of covariance
(ANCOVA) indicated that cardiovascular disease [F (1.94) = 15.691, p = 0.008] and peripheral vascular diseases
[F (1.94) = 13.059, p = 0.016] are associated with steal syndrome incidence.

CONCLUSION: The findings of this study conclude that there is no significant association between increased
anastomosis diameter and the incidence of AVF steal syndrome.

Introduction

Arteriovenous fistula (AVF) construction
is essential for hemodialysis access. AVF can be
created using either a native vein or AV graft. AVF is
preferred for long-term hemodialysis access due to
longer patency and lower complications [1]. However,
fistula complications, such as aneurysm, infection,
thrombosis, venous hypertension, and steal syndrome,
could occur [1], [2], [3], [4]. Steal phenomena can
be defined as retrograde flow in the feeding artery
distal to the AVF anastomosis with no symptoms.
The patient who develops symptoms such as pain,
nail changes, cold hand, muscle weakness, rest pain,
fingertip ulceration, and tissue loss is considered a
symptomatic steal syndrome [5], [6]. Therefore, steal
syndrome can be classified as physiologic steal having
retrograde flow with no symptoms and pathological
symptomatic steal syndrome that led to distal ischemic
steal syndrome (DISS). DISS is one of the severe
complications which may lead to severe morbidity and
limb loss [1], [2], [3], [4], [5], [6].

Technically, AVF is created to increase the
vein pressure, which will lead to vein dilatation. As
result of this, cardiac output increases to allow the

fistula to mature. This process generally occurs with
the retrograde flow in the feeding artery at the distal
region after anastomosis bed. Retrograde flow occurs
in the distal radial artery in 70% of AVF cases and may
not cause distal ischemia [2]. When the retrograde flow
becomes an extreme phenomenon, steal syndrome
occurs [3].

Symptomatic ischemia of the hand is an
uncommon disorder among patients undergoing
hemodialysis (HD); approximately <15% of cases
develop a symptomatic steal syndrome following
the placement of arteriovenous access. However, a
major problem with this kind of disease is that it could
be life-threatening and result in both gangrene and
unnecessary amputation of the hand [7], [8].

As the population of patients afflicted with
chronic kidney disease (CKD) and end-stage renal
disease (ESRD) is rising internationally, symptomatic
steal syndrome could significantly affect public health
if it goes undetected and is not managed. Knowledge
of the cause of DISS in a patient with upper limb AVF
is essential to understanding the pathophysiology
and cause of steal syndrome. Arterial inflow disease,
high access flow, diabetes mellitus (DM), and arterial
insufficiency are among the most common factors that
could cause steal syndrome. Therefore, understating
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this phenomenon’s causes and pathophysiological
components may save a patient’s life and time and
significantly impact the healthcare budget [3], [4], [7].

Only a few studies in the literature appreciate
the increased diameter of anastomosis as one of the
causes of symptomatic steal syndrome in patients with
arteriovenous access; this has not been thoroughly
investigated. Hence, this study hypothesizes a strong
association between the anastomosis diameter and
steal syndrome occurrence. The main aim of this study
is to determine whether increased diameter of the
anastomosis is a cause of symptomatic steal syndrome.

Materials and Methods

The data for this study were collected
retrospectively. Data of patients with native vein fistula
who had been referred to the vascular laboratory with
symptomatic steal syndrome or ischemic hands based on
the clinical evaluation were incorporated into the study.
Institutional review board approval for this monocentric
and retrospective study was obtained. A total of
103 patients were collected from our database between
2018 and 2021. Seventy-seven native veins fistula with
a symptomatic steal syndrome and 26 control (mature
asymptomatic native vein fistula with no retrograde
flow in distal artery) patients were included in the study.
Patients with symptoms of hand ischemia, tissue loss,
and pain were included in the study. The previous scans
and diagnoses with symptomatic steal syndrome and
retrograde flow of distal arterial flow by Doppler spectral
and color Doppler were included in the study (Figure 1).

Figure 1: Spectral pulse shows reversed flow in distal region of radial
artery to the anastomosis

An accurate measurement of the anastomosis
diameter on the transverse scan was included in the
study (Figure 2). Anastomosis diameters were measured
postoperatively at 6 months interval after AVF creation.
A mixture of symptomatic steal syndrome grades or
severity was included in the study. The exclusion criteria
were follow-up patients who had been both previously
diagnosed and treated with steal syndrome, patients with

a low volume flow (<300 ml/min) in either a feeding artery
or draining vein, and patients with missing data, such as
the diameter of the artery or volume flow, whether in the
draining vein or feeding artery. Anastomosis diameter on
longitudinal view was excluded due to possible error of
the actual diameter. Patients with stenotic anastomosis
were excluded from the study.

The scanning protocol that used for AVF
assessment in our center as follows:

1. Three measurements of PSV and diameter of
the feeding artery (proximal, mid, and pre the
anastomosis site).

2. Measurement of the PSV and diameter at the
anastomosis site.
3. Measurements of the draining vein diameter at

three sites, proximal to anastomosis, mid vein,
and distal to anastomosis.

4. Three measurement of volume flow at the
feeding artery proximal, mid, and 1-2 cm
proximal to the anastomosis.

5. Volume flow rate in the draining vein was
measured 3 times at single site, where the vein
diameter is reasonably uniform.

6. The flow direction and PSV were measured in
distal radial and ulnar arteries.

Demographicdata such as age, risk factors, and
fistula location were recorded. Diagnostic parameters
of AVF duplex ultrasound scans were recorded, such as
the anastomosis diameter, peak systolic velocity (PSV),
volume flow (VF), distal arterial flow waveforms, and
direction from the anastomosis.

Statistical analysis and data management

All the data recorded were entered into Microsoft
Excel and then transferred to SPSS Statistics for
Windows, Version 23.0. (IBM Corp, Armonk, NY, USA) for
statistical analysis. Descriptive statistics in frequencies
and percentages was used to present categorical data,
whereas mean and standard deviation were used for
continuous variables after testing the normality of data
(Shapiro—Wilk test; p > 0.05). The student’s independent
t-test was used to compare the difference between
continuous variables, and any relationship between
categorical variables was tested using Pearson’s Chi-
square (x°) test. A general linear model univariate
analysis was performed to know the effect (influence)
of independent variables with anastomosis diameter.
p < 0.05 was considered statistically significant.

Results

A total of 77 patients with symptomatic steal
syndrome were identified in our database during the
selected period. There were 28 male (36.4%) and
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Figure 2: Transverse section of anastomosis diameter measurements using ultrasound B-mode imaging

49 (63.7%) female. Ten patients with symptomatic steal
syndrome were < 50 years old and 67 patients > 50 years
old. Most patients with symptomatic steal syndrome had
DM, and only 38 patients had hypertension (Table 1).
Symptomatic steal syndrome was more frequently seen
in patients with DM, p < 0.001.

Table 1: Demographic and clinical data of both distal ischaemic
steal syndrome and control group in patient with arteriovenous
fistula

Variables Study groups (%) Total (%) p
Controls Symptomatic
steal syndrome
Gender
Male 10 (26.3) 28 (73.7) 38 (100.0) 0.848
Female 16 (24.6) 49 (75.4) 65 (100.0)
Age (years)
<50 6 (37.5) 10 (62.5) 16 (100.0) 0.219
>50 20 (23.0) 67 (77.0) 87 (100.0)
DM
No 4 (100.0) 0 4 (100.0) <0.001
Yes 22 (22.2) 77 (77.8) 99 (100.0)
Hypertension
No 5(11.4) 39 (88.6) 44 (100.0) 0.005
Yes 21(35.6) 38 (64.4) 59 (100.0)
Cardiovascular disease
No 17 (29.8) 40 (70.2) 57 (100.0) 0.233
Yes 9 (19.6) 37 (80.4) 46 (100.0)
PVD
No 26 (31.3) 57 (68.7) 83 (100.0) 0.004
Yes 0 20 (100.0) 20 (100.0)
Fistula type
Radiocephalic 5(9.8) 46 (90.2) 51 (100.0) 0.001
Brachiocephalic 16 (37.2) 27 (62.8) 43 (100.0)
Brachiobasilic 5 (55.6) 4 (44.4) 9 (100.0)

DM: Diabetes mellitus, PVD: Peripheral vascular disease

In terms of fistula location and occurrence of
symptomatic steal syndrome, our analysis revealed
that 46 (90%) were radiocephalic, 27 (62%) were
brachiocephalic, and 4 (44%) patients in brachiobasilic
(Table 1). The patient with a radiocephalic fistula had
commonly developed a symptomatic steal syndrome in
this study.

Regarding the anastomosis diameter and
symptomatic steal syndrome occurrence, our study
indicates that the mean anastomosis diameter in the
symptomatic steal syndrome group was 3.74 (£ 1.47)
mm, and in the control, group was 4.07 (x 1.73) mm.
Statistically, it was not significant (p = 0.425), Table 2. In
addition, these finding was presented in the box plot, which
showed no significant association between symptomatic
steal syndrome and the control group (Figure 3).

Table 2: Comparison of anastomosis diameter between two
groups

Groups n Mean+SD p
Symptomatic steal syndrome 77 3.794+1.4703 0.425
Controls 26 4.073+1.7329

Total 103 3.864+1.5367

SD: Standard deviation.

An analysis of covariance (ANCOVA) was
performed to see the effect of anastomosis diameter with
other independent variables. Among the independent
variables, there were significant differences (high)
in anastomosis diameter observed in patients with
cardiovascular diseases [F (1.94) = 15.691, p = 0.008]
with a small effect size (0.072) and with peripheral
vascular diseases [F (1.94) = 13.059, p = 0.016] with a
small effect size (0.061) (Table 3).

10.0 *
*
8.0 *
°
)

4.0

Anastmosis Diameter (mm)

T T
Steal syndrome Controls

Study groups

Figure 3: Box plot showed the anastomosis diameter association
between the positive steal syndrome and control groups

Discussion

The present study aimed to investigate an
association between the anastomosis diameter and
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Table 3: General linear model univariate analysis for each
independent variable and anastomosis diameter

Partial eta
squared

Source Type Ill sum  df Mean F p
of squares square
38.738*

15.763

4.842 2252 0.030 0.161
15.763 7.330 0.008 0.072

Corrected model
Intercept

8

1
Gender 0.105 1 0.105 0.049 0.825 0.001
DM 3.383 1 3.383E-7 0.000 1.000 0.000
Hypertension 5.695 1 5.695 2.648 0.107 0.027
Cardiovascular diseases  15.691 1 15.691 7.297 0.008 0.072
PVD 13.059 1 13.059 6.073 0.016 0.061
Age>50 years 2.763 1 2.763 1.285 0.260 0.013
Location of fistula 1.026 1 1.026 0.477 0.491 0.005
Steal syndrome 0.414 1 0.414 0.193 0.662 0.002
Error 202.140 94 2.150
Total 1778.780 103

Corrected total 240.877 102
*R?=0.161 (adjusted R*=0.089). DM: Diabetes mellitus, PVD: Peripheral vascular disease.

the prevalence of symptomatic steal syndrome. The
present retrospective study suggested no significant
association between symptomatic steal syndrome and
the control group regarding the anastomosis diameter.

The pathophysiology of steal syndrome
is complex; however, physiological changes are
predictable following a surgical construction of
arteriovenous fistula [8]. One of these changes includes
decreased resistance through the network and, thus,
leads to an increase in cardiac output. There is a
reversal flow in the distal arterial of the anastomosis
bed in 80-90% of AVF. This process results in a
retrograde flow in the artery distal to the anastomosis
site. Regardless of these frequent and expected
physiological changes from an AVF, clinical symptoms
of ischemic steal syndrome occur in only 10-20% of
cases, and severe symptoms occur in only 4% [9], [10].

It is very important to know the time of steal
phenomenon occurrence and whether is early or late
in the time course of the fistula. However, from the data
available, it was not possible to know whether the steal
phenomenon was late or early. Future studies with
larger groups are recommended and it could address
this important inquire.

Ischemic steal syndrome can lead to hypoxia,
distal hypoperfusion, tissue necrosis, gradual loss
of digits, and eventual peripheral ischemia. Steal
syndrome is just one of the potential AV access
complications [11], [12]. Although the occurrence of steal
syndrome is relatively uncommon; it is still challenging
to manage. It is important to understand the causes
of this phenomenon, the following of which have been
recognized and analyzed in the literature review: lack
of collaterals, proximal stenotic lesion, reduced arterial
pressure, and distal arteriopathy [10], [13].

This study revealed that patients >50 are at a
higher risk of developing steal syndrome. In addition,
Zamani et al. (2009) [14] reported similar findings,
which showed a significant association between steal
syndrome and elderly patients > 60 years old. However,
our study found that patients >50 years old would
also develop symptomatic steal syndrome. Our study
clearly demonstrated that 77% of the study sample with
symptomatic steal syndrome were > 50 years old.

Regarding the gender and steal syndrome
association, the previous studies [12], [15], [16], [17]
suggested that females would develop symptomatic
steal syndrome more frequently than men. Our study
revealed that female patients have more symptomatic
steal syndrome incidence in comparison with men,
and 49% of symptomatic steal syndrome were found
in female patients. The size of the artery is smaller in
women, which could be why women tend to develop
symptomatic steal syndrome more than men.

AV access can influence the risk for the
development of steal syndrome. A study by Tordoir
et al. (2004) [18] reported that the radiocephalic
(RC) access is recommended as the primary AV
native vein access for patients with ESRD. If the
RC matures, it provides long-term patency with the
lowest risk factors associated with complications.
In addition, when the RC fails, it does not affect the
secondary AV access in the proximal site [16], [17].
The study also mentioned that brachiocephalic access
is the second recommended access; however, BC
access is associated with a higher risk of developing
symptomatic steal syndrome than RC access
(101, [11], [12], [13], [14], [13], [16], [17], [18], [19],
[20], [21]. However, the findings of our study do not
support the previous studies regarding the fistula
location and symptomatic steal syndrome occurrence.
Our study indicates that the radiocephalic fistulas were
more associated with symptomatic steal syndrome
(n = 46) than the brachiocephalic fistulas (n = 27).
Perhaps, a larger study would clarify this grey area. Only
four cases with brachiobasilic fistula had developed
steal, and there was distal flow reversal in both radial
and ulnar arteries.

It is well-established that symptomatic steal
syndrome is associated with atherosclerosis risk
factors and patients with DM, PVD, and cardiovascular
disease will develop steal compared to other risk
factors [21], [22]. General Linear Model Univariate
Analysis was conducted to assess each independent
variable and anastomosis diameter association. Our
study shows that patients with DM, cardiovascular, and
PVD are likely to develop symptomatic steal syndrome
due to atherosclerosis, stenosis, and lack of collaterals.

The association of volume flow and symptomatic
steal syndrome is well-investigated in the literature.
The previous study showed that higher volume flow
is associated with incidence of symptomatic steal
syndrome especially in the brachiocephalic upper arm
AVF [23]. In our study, there was noticeable increase of
volume flow in patient with symptomatic steal syndrome.
However, we have not reported these findings as our
primary aim is to know the anastomosis diameter
association between symptomatic steal syndrome
versus control group.

This study was performed carefully to ensure
minimal errors which were made; however, limitations
are unavoidable. A small number of patients was
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recruited in this study, which may have impacted the
sample’s accuracy and dependability. Another limitation
includes the dependence of the ultrasound operator
dependent on the machine. Therefore, further studies
are recommended to assess the inter- and intraobserver
variabilities. This study has raised many questions in
need of further investigation. Further prospective study
is required to determine the other clinical ultrasound
diagnostic parameters such as flow volume, peak
systolic velocities difference, flow volume, and diameter
ratio difference between control and positive steal
syndrome. A reproducibility study should be assessed
when evaluating these parameters.

Conclusion

The incidence of steal syndrome is expected
to increase due to the recent increase in the population
of hemodialysis patients. The present study was
designed retrospectively to demonstrate the association
between anastomosis diameter and steal syndrome in
hemodialysis patients with arteriovenous access. The
study has shown no significant association between
the anastomosis diameter and the incidence of steal
syndrome. Further studies are essential to examine other
diagnostic parameters of the AVF, such as flow volume
and anastomosis diameter ratio and its association’s
impacts with the incidence of steal syndrome.
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