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ARTICLE INFO ABSTRACT
Keywords: ) Patients in hemodialysis with an arm arteriovenous fistula undergoing coronary artery bypass grafting
g/‘;?cf’lafy subclavian steal (CABG) with an internal thoracic artery have been reported to suffer from coronary-subclavian steal (CSS)

during dialysis session. However, its occurrence is still debated. A systematic literature review was per-
formed to identify all studies investigating the occurrence of a CSS event in this subset of patients. The
primary endpoint was the analysis of CSS and the following early and late survival outcomes. Indepen-
dent determinants of CSS and the impact of the distance between the arteriovenous fistula (upper arm vs
forearm) and the ipsilateral internal thoracic artery graft on CSS events and mortality were studied. Early
and late survival outcomes were analyzed by comparing ipsilateral versus contralateral arteriovenous fis-
tula. Of the 1,383 retrieved articles, 10 were included (n = 643 patients). The pooled event rate of CSS
was 6.46% [95%Cl=2.10-18.15], while of symptomatic CSS incidence was 3.99% [95%CI=0.95-15.25]. No
survival differences were noted when comparing ipsilateral to contralateral arteriovenous fistula-internal
thoracic artery combinations. On meta-regression, the upper arm was associated with more CSS events,
while the forearm to lower late mortality rates. Independently from arteriovenous fistula-internal thoracic
artery combination, CSS was not associated to higher mortality rates. Particular attention is warranted
when selecting the type of conduits for CABG in patients with an arteriovenous fistula or if highly ex-
pected to need one in the near future after surgery. A contralateral arteriovenous fistula-internal thoracic
artery combination is preferable. If this is not possible, a forearm arteriovenous fistula position should be
preferred.

Arteriovenous fistula
Internal thoracic artery
Meta-analysis
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widely chosen surgical conduit in these patients due to the excel-
lent graft patency compared to the venous counterpart [7,8]. Fur-
thermore, the ascending aorta of hemodialysis patients might be
involved in advanced atherosclerotic disease, therefore, it is rec-

Introduction

Adult patients undergoing chronic hemodialysis treatment have
an elevated cardiovascular risk, including a high prevalence of

coronary artery disease (CAD) and the subsequent need of coro-
nary artery bypass graft surgery (CABG), especially in those pa-
tients with diabetes mellitus and advanced age [1]. In addition,
acute kidney injury after CABG can lead to the onset and progres-
sion of chronic kidney disease and the need for lifelong hemodial-
ysis treatment [2].

Improved long-term results have been reported for CABG when
compared to percutaneous revascularization in patients undergoing
hemodialysis [3-6], while the internal thoracic artery is the most
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ommended to minimize aortic manipulation during CABG surgery
in this specific subset of patients. In this setting, the use of inter-
nal thoracic artery grafts seems particularly appropriate, resulting
in less traumatic and neurologically safer myocardial revasculariza-
tion procedure [9].

Patients requiring hemodialysis may have chronic arteriovenous
fistula located either in the forearm or in the upper arm, ipsilateral
or contralateral to the internal thoracic artery targeting the coro-
nary arteries for surgical revascularization. Considering the non-
negligible flow in the arteriovenous fistula during dialysis, signif-
icant hemodynamic interference may occur between the arteriove-
nous fistula and the ipsilateral internal thoracic artery graft [10,11]
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Fig. 1. Mechanism of coronary subclavian steal.

(Fig. 1). This phenomenon, also called coronary-subclavian steal
(CSS), is considered a risk factor for the development of postop-
erative myocardial ischemia in patients with end-stage renal fail-
ure requiring hemodialysis [12]. There is a disagreement in med-
ical literature regarding the symptomatic presentation of CSS dur-
ing hemodialysis treatment with some clinical reports describing
such an event during dialysis sessions [13,14], while others do not
[15,16]. This disagreement may be explained by variable and un-
recognized predisposing risk factors such as stenosis of the feeding
subclavian artery, morphologic variability of the internal thoracic
artery, location of the arteriovenous fistula, diffuse CAD with poor
runoff, or increased blood flow through the arteriovenous fistula
[12].

The aim of the current systematic review and meta-analysis
is to analyze the incidence of the CSS phenomenon in patients
with arteriovenous fistula and ipsilateral internal thoracic artery-
coronary anastomosis undergoing hemodialysis. Furthermore, this

study aimed to derive independent determinants of this hemody-
namic event and to analyze the impact of the distance between
the arteriovenous fistula (upper arm vs forearm) and the ipsilateral
internal thoracic artery graft on CSS events and mortality. Finally,
early and late survival outcomes were analyzed by comparing ipsi-
lateral versus contralateral arteriovenous fistula.

Methods
Literature search strategy

This systematic review was conducted according to the PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) [17] and AMSTAR (Assessing the Methodological Qual-
ity of Systematic Reviews) [18] guidelines (Supplemental Mate-
rial). The PRISMA flow diagram is presented in Fig. 2. The Ovid
MEDLINE, Ovid Embase, PubMed, ScienceDirect, SciELO, LILACS,
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Fig. 2. PRISMA flowchart diagram of included studies.

Google Scholar, gray literature and Cochrane Library databases
were searched until May 2022 for publications reporting the clin-
ical outcome of patients in hemodialysis with an upper extrem-
ity arteriovenous fistula and have previously undergone CABG with
one or both internal thoracic arteries.

The full search strategy is shown in Supplemental Table 1. Fur-
thermore, the references of all studies and reviews were examined
to identify additional articles (i.e., “backward snowballing”). The
following steps were taken for study selection: 1) identification of
titles of records through database search; 2) removal of duplicates;
3) screening and selection of abstracts; 4) assessment for eligibility
through full-text articles; and 5) final inclusion in study. Studies
were independently screened for inclusion by two authors (M.B.
and L.D.B). Discrepancies were arbitrated by a third author (ER.)
to achieve consensus. A librarian was involved in the screening of
publications.

This review was registered with the PROSPERO register of sys-
tematic reviews (ID: CRD42022344479). There was no individual
patient involvement in this study; as such, research ethics board
approval or patient’s consent was not required.

Inclusion criteria

Using the PICOS strategy (Population, Interventions, Com-
parison, Outcome, and Study design), studies were included if the
following criteria were fulfilled: 1) reported cohorts of patients un-
dergoing hemodialysis through an upper extremity arteriovenous
fistula and have had a CABG surgery with an internal thoracic
artery; 2) reported ipsilateral and/or contralateral relation analysis
between internal thoracic artery and arteriovenous fistula; 3) only
articles written in English language were included.
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Table 2
Baseline demographics of included patients*.

Variable Value

63.3 + 3.7
592/807 (73.4%)
289715 (40.4%)
623807 (77.2%)
568/807 (70.4%)
216/680 (31.8%)

Age, mean (years + SD)
Male sex, n (%)
Smoking history, n (%)
Hypertension, n (%)
Diabetes, n (%)
Dyslipidemia, n (%)

COPD, n (%) 9/150 (6.0%)
PAD, n (%) 165/737 (22.4%)
ITA used for CABG, n (%)

Left ITA 581/812 (71.5%)
Right ITA 280/812 (34.5%)
Bilateral ITA 250/812 (30.8%)
Fistula location

Forearm 498634 (78.6%)
Upper arm 136/634 (21.4%)

AVF = arteriovenous fistula; CABG = coronary artery bypass graft;
COPD = chronic obstructive pulmonary disease; ITA = internal thoracic
artery; PAD = peripheral artery disease; SD = standard deviation.

* The dominator is based on the data availability among the included
studies. Inverse probability treatment weighting was considered when
present.

Univariate meta-regression was performed to explore the rela-
tion between CSS when ipsilateral internal thoracic artery- arteri-
ovenous fistula was used and patient’s characteristics. The results
were reported as regression coefficient (i.e., 8), standard error and
p-value.

Heterogeneity was based on the Cochran Q test, with I2 values.
In case of heterogeneity 12>50%, individual study inference analysis
was performed through a “leave-one-out” sensitivity analysis.

Funnel plots by graphical inspection and Egger’s test, when fea-
sible, was used for assessment of publication bias.

Hypothesis testing for equivalence was set at the two-tailed
0.05 level. All statistical analyses were performed using R, version
4.2.0 (R Project for Statistical Computing, Wien, Austria) and RStu-
dio version 2022.02.3. Build 492, using the “meta” and “metafor”
packages.

Results
Study selection and characteristics

The medical literature search identified 1376 potentially eligi-
ble studies. Seven additional articles were identified through back-
ward snowballing. After removal of duplicates, 723 studies were
screened. Thirty-six full text articles were assessed for eligibil-
ity. Ten studies [13,21-29] met the inclusion criteria (Fig. 2) with
a total of 643 patients, 433 with an ipsilateral internal thoracic

Table 3
Outcome summary.
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artery and arteriovenous fistula use, and 210 with a contralateral
internal thoracic artery and arteriovenous fistula use. Publication
year ranged from 2003 to 2022, and sample size ranged from 5
to 132 patients. Two studies were inverse probability treatment
weighting, one was a prospective study, while all the other studies
were retrospective. Details of the individual studies are shown in
Table 1. The demographics of the included studies are summarized
in Table 2. The pooled mean follow-up was 3.67 + 2.11 years. The
critical appraisal of the included studies is shown in Supplemental
Tables 2 and 3. Of note, only two of the included studies described
the operative risk score of the included patients.

Meta-analysis outcomes

Evaluating patients with ipsilateral internal thoracic artery and
upper extremity arteriovenous fistula the pooled event rate of
CSS was 6.46% (95%Confidence Interval: 2.10-18.15) (Supplemen-
tal Fig. 1). The pooled event rate of symptomatic CSS was 3.99%
(95%Confidence Interval: 0.95-15.25) (Supplemental Fig. 2), and
PER of 30-day mortality was 8.05% (95%Confidence Interval: 5.46-
11.71) (Supplemental Fig. 3). The incidence rate of late death and
late cardiac-related death were 8.17%/year (95%Confidence Interval:
5.75-11.62) (Supplemental Fig. 4), and 2.69%/year (95%Confidence
Interval: 0.94-7.76) (Supplemental Fig. 5), respectively.

Comparing ipsilateral and contralateral internal thoracic artery
to upper extremity arteriovenous fistula the OR of 30-day mortality
was 1.03 (95%Confidence Interval: 0.47-2.26) (Supplemental Fig. 6).
The incidence rate ratio of late mortality and late cardiac mortality
were 0.93 (95%Confidence Interval: 0.71-1.22) (Supplemental Fig.
7) and 1.36 (95%Confidence Interval: 0.78-2.37) (Supplemental Fig.
8), respectively.

The outcomes are summarized in Table 4. Leave-one-out analy-
sis of outcomes to test for heterogeneity did not show significant
change of the results and can be visualized in Supplemental Figs.
9-12.

Meta-regression

At univariate meta-regression a higher use of an arteriovenous
fistula located in the upper arm with an ipsilateral internal tho-
racic artery during CABG was significantly associated with more
CSS episodes (p = 0.0443), when compared to the forearm posi-
tion of the arteriovenous fistula. Moreover, higher use of a forearm
arteriovenous fistula was significantly associated with lower late
mortality rates (p = 0.0052).

The other patients’ analyzed characteristics did not show any
significant relation with CSS. Univariate meta-regression outcomes
are described in Table 4.

Outcome No. of studies Estimate 95% CI Heterogeneity: 12, p-value
CSS phenomenon with ipsilateral ITA and upper extremity AVF

Coronary subclavian steal 6 PER: 6.46% 2.10 - 18.15 81.1%, p<0.0001
Symptomatic CSS 6 PER: 3.99% 0.95 - 15.25 82.9%, p<0.0001
30-day mortality 5 PER: 8.05% 5.46 - 11.71 0%, p = 0.4124
Late death 8 IR: 8.17%|year 5.75 - 11.62 71.8%, p = 0.0008
Late cardiac death 5 IR: 2.69%/year 0.94 - 7.76 70.9%, p = 0.0082
Ipsilateral vs. contralateral ITA comparison

30-day mortality 4 OR: 1.03 0.47 - 2.26 0%, p = 0.3344
Late mortality 6 IRR: 0.93 0.71 - 1.22 0%, p = 0.7085
Late cardiac death 3 IRR: 1.36 0.78 - 2.37 10.2%, p = 0.3283

AVF = arteriovenous fistula; CI = confidence interval; CSS = coronary-subclavian steal; IR = incidence rate; IRR = incidence
rate ratio; ITA = internal thoracic artery; OR = odds ratio; PER = pooled event rate.
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Table 4
Meta-regression.

CSS 30-day mortality Late death Late cardiac death
Variable Beta &+ SE p-value Beta + SE p-value Beta + SE p-value Beta + SE p-value
Mean age —0.1504 + 0.1792 0.4013 0.1123 + 0.1416 0.4279 —0.0300 =+ 0.0693 0.6649 —0.0666 + 0.1994 0.7384
Male sex 0.0104 + 0.1069 0.9227 —0.0132 + 0.0198 0.5031 0.0217 + 0.0214 0.3116 0.0824 + 0.0518 0.1119
Diabetes —0.0745 + 0.0729 0.3068 —-0.0139 £+ 0.0115 0.2291 0.0017 + 0.0179 0.9243 0.1167 + 0.0817 0.1533
Hypertension —0.0178 £ 0.0590 0.7621 —0.0152 £ 0.0149 0.3054 —0.0011 £ 0.0147 0.9413 0.0522 + 0.0598 0.3821
Peripheral artery disease 0.0521 + 0.0474 0.2718 —0.0192 + 0.0164 0.2407 —0.0088 + 0.0048 0.0660 0.0010 + 0.0092 0.9130
CABG with Left ITA 0.0472 + 0.0415 0.2558 —-0.0129 + 0.0267 0.6293 0.0008 + 0.0124 0.9516 0.0333 + 0.0457 0.4657
CABG with Right ITA 0.0150 + 0.0163 0.3571 —0.0229 + 0.0142 0.1064 —0.0005 + 0.0072 0.9430 0.0018 + 0.0165 0.9142
CABG with Bilateral ITA 0.0188 + 0.0152 0.2157 —0.0091 + 0.0146 0.5326 —0.0020 =+ 0.0062 0.7397 —0.0064 + 0.0066 0.3295
Fistula in the forearm —0.0623 + 0.0310 0.0443 NA NA —0.0185 + 0.0066 0.0052 0.0079 + 0.0361 0.8273
Fistula in the upper-arm 0.0623 + 0.0310 0.0443 NA NA 0.0119 + 0.0126 0.3452 —0.0275 + 0.0373 0.4605
Coronary-subclavian steal - - —0.0545 + 0.0423 0.1974 —0.0306 + 0.0351 0.3841 —0.0114 £ 0.0864 0.8946

Results are expressed as B + Standard Error, p-value. Positive beta reflects an increase in the event when the frequency of the variable increases, while negative beta reflects

a decrease in the event with the increase in the frequency of the variable.

CABG = coronary artery bypass graft; COPD = chronic obstructive pulmonary disease; ITA = internal thoracic artery; SE = standard error.

Discussion

The outcomes of this meta-analysis evidenced that (1) in litera-
ture the reported CSS rate is 6.46% overall, and 3.99% if considering
only symptomatic events; (2) There are no significant differences
in terms of mortality when comparing ipsilateral to contralateral
combination of internal thoracic artery-arteriovenous fistula; (3)
When ipsilateral internal thoracic artery-arteriovenous fistula are
present, the upper arm is associated to more CSS events, despite
CSS events are not associated with higher early and late mortality
rates (independently from internal thoracic artery-arteriovenous
fistula combination). (5) The forearm is associated to lower mor-
tality rates (p = 0.052).

Patients with end-stage renal failure undergoing hemodialysis
suffer from a high prevalence of significant CAD requiring surgi-
cal myocardial revascularization [1,3]. In this specific subset of pa-
tients, concerns have been reported for CSS during hemodialysis
when performed through an arteriovenous fistula ipsilateral to the
internal thoracic artery. In details, the arteriovenous fistula is char-
acterized by a low vascular resistance, while the internal thoracic
artery-coronary anastomosis represents a high-resistance vascular
bed. The hydrodynamic Venturi effect describes a drop in hydro-
static pressure along areas of high flow speed [30], thus deter-
mining a “suction effect” from the subclavian artery towards the
arteriovenous fistula, especially during hemodialysis sessions, re-
sulting in CSS (Fig. 1). The suction effect that results in the sub-
clavian artery affects all the branches of this vessel, and may re-
verse the flow also in the internal thoracic artery ipsilateral to the
arteriovenous fistula, stealing blood away from the coronary cir-
culation [13]. Finally, the impact of LAD outflow (or coronary in
general) and the internal thoracic artery conduit size on CSS goes
along with the resistance of the internal thoracic artery-LAD anas-
tomosis. The coronary and mammary artery should be considered
as the two components affecting resistance in this area. If just one
of the two worsens, the whole area is negatively affected, while
both components must improve to see an overall reduction in ar-
teriovenous fistula steal.

Furthermore, in case of subclavian artery stenosis, the occlusion
would be located proximal to both LIMA and arteriovenous fistula
thus increasing and worsening the CSS. In this scenario, the “suc-
tion effect” driven by the low-resistance bed in the arteriovenous
fistula concomitantly with a subclavian stenosis would be even fur-
ther magnified. These patients could also experience neurological
symptoms during hemodialysis (dizziness, vertigo, imbalance, drop
attacks) due the ipsilateral vertebral reversal flow. However, there
are currently no published studies analyzing a concomitant arteri-
ovenous fistula and subclavian artery stenosis, as the literature is
limited to few case reports [31,32].

End-stage renal failure patients requiring hemodialysis often
bear the burden of advanced atherosclerosis involving the ascend-
ing aorta, while the increased amount of aortic calcification makes
any attempts of proximal anastomosis challenging. Moreover, con-
duit options are more limited in this subset of patients: the radial
artery as a graft is not feasible after arteriovenous fistula creation,
thus, the use of an in-situ internal thoracic artery is a valuable op-
tion in order to minimize aortic manipulation but also to assure
higher graft patency rate and excellent mid and long-term survival
[7,8].

Coronary-subclavian steal syndrome has been reported when
hemodialysis is performed through the arteriovenous fistula ip-
silaterally to the in-situ internal thoracic artery-coronary anasto-
mosis with an incidence ranging from 0% [24,27] to 25% [26].
This large heterogeneity might be explained by different meth-
ods used to record the CSS phenomenon: Gaudino et al. [13]. and
Coskun et al. [22]. evaluated CSS by means of Doppler ultrasound
while other authors [21,23-29] only considered symptoms occur-
ring during hemodialysis treatment sessions. The current meta-
analysis, among the included patients, found a lower incidence
of symptomatic CSS compared to the total number of CSS diag-
noses (3.99% vs 6.46%, respectively). As a result, the incidence of
CSS defined by clinical symptoms may lead to a possible under-
estimation. Nevertheless, the present meta-regression showed that
an upper arm arteriovenous fistula is significantly associated to
more CSS events compared to an arteriovenous fistula positioned
in the forearm (p = 0.0443), thus suggesting how the Venturi ef-
fect could be more significant when a shorter distance is placed
between the arteriovenous fistula and the ipsilateral internal tho-
racic artery-coronary anastomosis. In fact, in the study by Hachiro
and colleagues [24| no CSS episodes were reported postopera-
tively and one of the possible explanation is that all patients had
the arteriovenous fistula in the forearm, differently to the other
included studies. Despite this association between the arteriove-
nous fistula location and CSS episodes, the presence of CSS per
se was not found to be significantly associated with increased 30-
day (p = 0.1974), late (p = 0.3841) and cardiac-related mortality
(p = 0.8946) (Table 4).

Other studies evaluated the impact of different internal tho-
racic artery-arteriovenous fistula combinations on the incidence of
CSS during hemodialysis sessions and on early and late outcomes,
reporting conflicting data [23-25,27-29]: Feldman et al. [23].
showed that an ipsilateral internal thoracic artery-arteriovenous
fistula was associated with an increased risk of major adverse
cardiac and cerebrovascular events on long-term follow-up while,
Takami et al. [28]. showed that the ipsilateral arteriovenous fis-
tula - internal thoracic artery combination did not increase the
operative mortality or the risk of late death and major adverse
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cardiac and cerebrovascular events. As far as mortality in pa-
tients with an ipsilateral internal thoracic artery-arteriovenous fis-
tula remain a concern, in the present meta-analysis the 30-day
mortality reached 8.05%, late death 8.17%/year and late-cardiac
death 2.69%[year (Table 3). Furthermore, similar early and late
survival outcomes were found when ipsilateral internal thoracic
artery-arteriovenous fistula was compared to contralateral inter-
nal thoracic artery-arteriovenous fistula (OR 1.03, 95%Confidence
Interval: 0.47-2.26, and incidence rate ratio 0.93, 95%Confidence
Interval:0.71-1.21, respectively) (Table 3). Despite not being statis-
tically significant, a higher incidence of cardiac-related mortality
trend was seen among patients with an ipsilateral internal thoracic
artery-arteriovenous fistula (incidence rate ratio 1.36, 95%Confi-
dence Interval: 0.78-2.37). However, this higher mortality trend
could be a multifactorial phenomenon that might be influenced
primarily by the high surgical risk of this frail subset of patients
(Table 2) rather than being influenced only by the arteriovenous
fistula location or the CSS phenomenon. The present study could
not further evaluate the operative risk of the included patients, as
only two of the included studies described the patients’ surgical
risk. Of note, meta-regression showed a significant and more favor-
able late survival with reduced late death (p = 0.0052) in patients
having arteriovenous fistula in the forearm ipsilaterally to the in-
ternal thoracic artery-coronary anastomosis (Table 4).

Alternative surgical solutions for hemodialysis patients have
been considered; however, it has been established that arteri-
ovenous fistulas are the preferred vascular access for chronic
hemodialysis due to improved outcomes, a lower complication rate
once matured, and reduced costs compared with arteriovenous
grafts [33]. An arteriovenous fistula may be more likely to cause a
CSS than an arteriovenous graft due to an increased mean volume
flow with time [34]. However, in the study by Han et al., [25] ar-
teriovenous grafts were significantly associated with an increased
incidence of major adverse cardiac and cerebrovascular events and
late mortality.

Limitations

The present meta-analysis could not further analyze outcome
differences between arteriovenous fistula and arteriovenous graft
due to the lack of sufficient data reported.

It should be noted that none of the included studies is a
prospective randomized study, thus maintaining all the associated
biases in the final analysis. Our findings should be validated also in
randomized trials. Only two studies tried to overcome this draw-
back by applying statistical models, i.e., Inverse Probability Treat-
ment Weighting. In addition, not all papers reported the outcomes
and details of interest, limiting the data availability to perform the
analysis.

Conclusions

The current meta-analysis evidence that CSS is a noteworthy
phenomenon that clinicians and cardiac surgeons must be aware
of. Despite CSS is a “real” clinical issue impacting patients’ qual-
ity of life, it doesn’t seem to have an impact on mortality. The
present meta-regression provides interesting findings that must be
kept into account when a hemodialysis patient is referred for CABG
or conversely, when an arteriovenous fistula is planned in a pa-
tient previously submitted to CABG: the contralateral internal tho-
racic artery to arteriovenous fistula or contralateral arteriovenous
fistula to internal thoracic artery-coronary anastomosis should be
preferred. Nevertheless, if a contralateral internal thoracic artery-
arteriovenous fistula combination cannot be performed, a forearm
position of the arteriovenous fistula would be preferrable com-
pared to the upper-arm. Likewise, these considerations should be
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kept in mind when selecting the type of conduits for CABG to
be used in patients with severely compromised preoperative renal
function whose progression to dialysis in the years after surgery is
highly expected.
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