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Abstract
Background Dialysis shunt-associated steal syndrome
(DASS) is a rare complication of hemodialysis access
(HA) which preferably occurs in brachial fistulas. Treat-
ment options are discussed controversially. Aim of this
study was to evaluate flow-controlled fistula banding.
Materials and methods Patients treated between 2002 and
2006 were included in this prospective survey. According
to a classification we established, patients were typed
DASS I–III (I: short history, no dermal lesions; II: long
history, skin lesions; III: long history, gangrene). Surgical
therapy was HA banding including controlled reduction
(about 50% of initial flow) of HA blood flow (patients type
I and II). Patients with type III underwent closure of the
HA.
Results In 15 patients with relevant DASS, blood-flow-
controlled banding was performed. In ten patients (all type I),
banding led to restitution of the hand function while
preserving the HA. In five patients (all type II), banding
was not successful; in two patients, closure of the HA was
performed eventually. In five patients (type III), primary
closure of the HA was performed. Four patients with
DASS type II but only two with DASS type I had diabetes
mellitus (p=0.006).

Conclusions Banding under blood flow control resulting in
an approximately 50% reduction in the initial blood flow is
an adequate therapeutic option in patients with brachial HA
and type I-DASS. In type II-DASS, banding does not lead
to satisfying results, more complex surgical options might
be more successful. Diabetes is associated with poor HA
outcome in case of DASS.
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Introduction

A sufficient vascular access is a premise for long time
hemodialysis. Because of its easy performance and little
complication rates, hemodialysis accesses (HA) according
to Cimino–Breschia are commonly used as first HA of
choice [1, 2]. In case of primary or secondary insufficiency,
other HA are indicated [1]. A rare but important compli-
cation of HA is dialysis shunt-associated steal syndrome
(DASS). “Steal phenomenon” is the result of a change of
hemodynamic flow; the term “steal syndrome” is used in
case of clinical symptoms [3]. The cause of DASS is
multifactorial. Different forms and characteristics of DASS
have been reported on; however, no general classification
has been established yet. Because of the risk of severe
damage of the extremity, DASS is a complication of high
interdisciplinary clinical importance.

Accesses originating from the brachial artery are a major
predisposing factor for ischemia [4, 5]. As main therapeutic
options for DASS, distal revascularization interval ligation
(DRIL procedure [6, 7]) and fistula banding or closure have
been described. Especially the DRIL procedure we usually
perform in case of DASS after radial fistulas. As a new
technique the proximalization of the arterial inflow (PAI) [8]
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has been published recently. This technique, which needs to
be further evaluated, includes implantation of prosthetic
material and may be a good alternative in advanced DASS.

However, in case of brachial fistulas, where DRIL as
best known technique is not the therapy of first choice
(ligation of the patent brachial artery is a key element of the
procedure), there is an ongoing debate regarding the best
treatment options. Only few reports on HA-preserving
therapy, including fistula banding, which at the same time
is the least complex surgical intervention, have been
published. Aim of this prospective study was to evaluate
indication and technique of controlled blood flow reduction
(banding) of the fistula vein in brachial fistulas by using a
blood-flow-measuring instrument.

Materials and methods

In this prospective study, all patients with DASS after
brachial HA that were treated in our institutions (University
Hospital Halle and University Teaching Hospital St.
Elisabeth Halle) were included. Period of time of the study
was 2002–2006. The decision for surgical treatment was
made interdisciplinary (angiologist, neurologist, surgeon).
As the patients presented different forms of steal syndrome,
we established a clinical classification including three types
(Table 1). This classification was induced according to
pathological changes of the distal limb and according to the
time of onset of complaints. According to this classifica-
tion, either HA-preserving surgery (type I, II) was
performed or HA was closed directly (type III).

Before surgery, all patients underwent clinical examina-
tion (inspection, palpation of the shunt veins and arteries
with and without venous congestion, shunt auscultation) as
well as angiological examination (Doppler/Duplex, Fig. 1).
In case of neurologic symptoms, specific examinations,
including electromyography (Fig. 2), were performed by a
neurologist. Surgery was performed under local or regional
(plexus) anesthesia in all cases.

As surgical therapy, fistula banding was performed. In case
of failing improvement, reoperation was added. In three
patients this meant closure of the fistula. In two patients,

however, interposition of a polytetrafluoroethylene (PTFE)
loop resembling a technique described by Zanow et al. [8] and
modified by Henriksson and Bergqvist [9] was performed. In
case of fistula banding, aim was to put down the flow to
approximately 50% (but never below 250 ml/min) of the
initially measured flow. Therefore, a blood flow measure-
ment (Medi-Stim®, Sandakerveien, Norway, Fig. 3), which
enables direct and permanent blood flow measuring, was
employed. As banding technique circular restriction com-
bined with a longitudinal (non resorbable) suture (“tailoring”)
was performed (Fig. 3). Postoperatively, all patients were
reexamined angiologically (fistula flow and hand perfusion)
and neurologically. The operation was accepted as successful
if the hand function could be restored and the fistula be used
for dialysis. As follow-up the patients were seen in our
vascular outpatient clinic 3 months after surgery, followed by
6-month intervals. Statistical analysis (chi-square test) was
done with SSPS; p value was considered significant if <0.05.

Results

Between 2002 and 2006, 737 HA were performed in our
institution. In 20 patients a relevant DASS after brachial
access and four after radial access (not included in this
survey) developed (3.3% DASS in summary). Of the 20
patients, 15 (type I and II) were included in this study.
Those patients belonging to group III (n=5) were excluded
from the survey as the fistulas were eventually closed in all
cases because of severe gangrene of the limbs. In those
patients the time of duration of complaints was more than 2
months (Table 2). Preoperatively, arterial function had been
sufficient (adequate biphasic or triphasic flow pattern, no
relevant arterial obstruction, patent radial and ulnar arteries)
in all ten patients with type I as proved by Doppler/duplex
and clinical examination; however, four of the five patients
with type II had severe mediasclerosis. Among the 15
patients (seven men and eight women, age 46–84, median
70 years), there were 11 with cephalica, two with basilica,
and two with prosthetic straight shunts of the upper arm.
According to our classification, ten patients were staged
type I and five type II as described above (one initially type

Table 1 Clinical classification of different DASS types

Type I Type II Type III

Symptoms Acute symptoms: livid
discoloration, stress-induced pain,
neurologic symptoms

Not acute symptoms: pain at rest,
dystrophy, tissue lesions

Not acute symptoms: extended tissue
lesions/gangrene

Time after onset of
symptoms

Within days up to 4 weeks After 4 weeks, several months Several months up to years

Therapeutic options Banding HA-preserving techniques other
than banding

Closure, amputation of the affected
limb
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I but turned into type II after unsuccessful conservative
therapy) and five type III. Of the ten patients staged type I,
three suffered from diabetes mellitus; from those staged
type II, all but one had diabetes mellitus (Tables 2 and 3).

Of the 15 patients included in the survey in five cases,
fistula banding did not lead to an improvement of the
symptoms (one patient with dystrophy, four patients with
ecrosis and pain at rest) and therefore had to undergo
second operation (Table 2). In three cases, closure was
performed; in two cases, the shunt could be preserved by
interpositioning a PTFE loop. According to our classifica-
tion, all five patients belonged to group II (one of them,
however, initially was group I but not treated by fistula
banding early enough). Postoperative specific reexamina-
tion of neurologists and angiologists showed a total
restitution of the hand (full function) in four cases.

In ten patients the HA could be successfully preserved
by fistula banding. All patients were type I-DASS. Duration

of symptoms was short (<14 days); symptoms were
coldness and numbness as well as severe stress-induced
pain without dystrophic or atrophic changes. Five patients
(6, 8, 9, 11, 13, Table 3) additionally had acute sensomo-
toric failure of the hand. In three patients, symptoms of
DASS occurred several month after insertion of the HA
(patients 6, 8, 9, Table 3); in all three cases, an aneurysm of
the fistula vein with high flow was the reason for the acute
symptoms of DASS. The other patients did not show any
specific changes of the fistula vein.

Postoperative subject-specific reexamination of the 12
patients with preserved HA by neurologists and angiolo-
gists showed a sufficient arterial blood flow in all cases and
normal neurologic functions in those cases with neurologic
symptoms. Time of follow-up was 6–70 months (mean
follow-up 18 months). In all but one (shunt had to be closed
because of puncture-related infection after 2 months) cases,
the HA could be used for dialysis. Three patients died (for

Fig. 2 Stimulation of the ulnar and the median nerve: total nerval
functional loss (left, no nerval answer to stimulation) and regain of
function after banding (right, nerval answer to stimulation). This figure

is presented with the friendly permission of the Springer-Verlag and
was published in the “Gefässchirurgie” [25]

Fig. 1 Preoperative (left, normal flow at congestion of the fistula vein
directly behind the anastomosis) and postoperative (right, normal flow
after banding) Doppler/Duplex scan of the radial artery. On the left

figure, the arrow marks the release of congestion of the fistula vein
with an immediate deterioration of the peripheral flow
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cardial insufficiency in all cases) after 36, 50, and 70
months, respectively, with patent HA. The remaining eight
patients still undergo hemodialysis via banded HA. No
revision of the HAwas necessary in the DASS type I group.
Of the three patients with type II in two cases, revision was
necessary after 18 and 24 month, respectively, for shunt
thrombosis. Thirty-days patency was 100%, 1-year patency
91%, and 2-year patency 75% (secondary patency 91%).

Gender and age did not show any significant differences
between the two patient groups (HA preserving vs HA
closure; Tables 2 and 3). Statistical analysis (chi-square
test) showed that underlying diabetes mellitus was signif-

icantly associated (p=0.006) with the development of
DASS types II and III (the latter group was excluded from
surgical evaluation) and with the need for closure of the
HA, respectively (p<0.001).

Discussion

A sufficient access is a premise for long time dialysis. A
rare but important complication of HA is DASS (2–10%
[10, 11]). A dialysis access always means a change of the
hemodynamic flow of the extremities, which usually does

Fig. 3 Probe for direct mea-
surement of vascular flow (left),
banding technique (circular re-
striction combined with longitu-
dinal suture (tailoring; right)

Table 2 Patients with unsuccessful banding-procedure

Patient
no.

Localization
HA

Classification
(type)

Time
(month)
between
insertion of
HA and
therapy

Initial HA
flow
(ml/min)

HA
banding
(flow in
ml/min)

Follow-up
(time in month)

Underlying disease Gender Age

1 Straight
shunt left
upper arma

II 4 1,400 800 Closure after unsuccessful
banding; loss of function left
hand, no further follow-up

Diabetic
nephropathy

F 70

2 CBF left
elbow

II 12 1,100 700 Closure after unsuccessful
banding; loss of function left
hand, no further follow-up

Diabetic
nephropathy

M 76

3 CBF left
elbow

II 2 900 500 Closure after unsuccessful
banding; normal hand
function at last follow-up (24)

Diabetic
nephropathy

M 66

4 CBF left
elbow

Initially I,
then II

6 1,000 500 Conservative treatment;
banding after 6 month;
interposition of loopa due to
recurrent steal; normal hand
function, HA in use (19)

Glomerulonephritis F 46

5 CBF right
elbow

II 9 1,100 600 Banding; interposition of
loopa; normal hand function,
HA in use (12)

Diabetic
nephropathy

M 68

Clinical data
HA hemodialysis access, CBF cimino–brescia–fistula, M male, F female
aMaterial: polytetrafluoroethylene

734 Langenbecks Arch Surg (2007) 392:731–737



not lead to clinical symptoms [12]. Moderate ischemic
symptoms can occur but mostly resolve spontaneously
within several weeks [13]. According to our experience,
only few patients suffer from minor problems such as
intermittent coolness of the hand or weakness after exercise.
In 15 (2%) own patients (data not presented), these symptoms
resolved within a few weeks of conservative treatment. In
rare cases, however, ischemia-associated complications with
the need for surgical intervention may develop.

As far as we know to date, DASS cannot be predicted.
Neither the patients’ medical history nor certain measuring
methods or surgical techniques can satisfyingly minimize
the risk of development of DASS [12, 14, 15].

Accesses originating from the brachial artery are a major
predisposing factor for ischemia. The absence of collateral
vessels around the elbow seems to be one of the reasons [4,
5]. According to our experience, too, DASS after brachial
fistulas occurs more often than in radial fistulas. The

development of a DASS seems to be multifactorial.
Occlusive arterial disease, stenotic areas, underlying neu-
ropathic diseases, or calcifying sclerosis have been de-
scribed as risk factors for the development of DASS [3, 4].
Typical severe ischemic pain, either stress-induced or at
rest, pallor or livid discoloration, necrosis, or gangrene are
clear signs of DASS [14]. More difficult to evaluate are
reversible or irreversible neurologic symptoms. In many
cases, their pathogenesis remains unclear [11]. Carpal-
tunnel-syndromes as well as dystrophy syndromes have
been described [16, 17]. Another rare neurologic manifes-
tation of DASS is the ischemic monomelic neuropathy
(IMN), with assumably distal axonopathy in combination
with diabetic polyneuropathy or peripheral arteriosclerosis
as preconditions [11, 18, 19]. Neurologic as well as
nonneurologic symptoms after DASS can occur acutely or
after longer periods [11, 17]. Several therapeutic options
preserving HA function in DASS have been described:

Table 3 Patients with successful banding procedure

Patient
no.

Localization
HA

Classification
(type)

Time (days)
between insertion
of HA and therapy

Initial
HA
flow
(ml/
min)

HA
banding
(flow in
ml/min)

Follow-up (time in month) Underlying disease Gender Age

6 CBF right
elbow

I 4a 900 500 Normal hand function,
HA in use (66)

Glomerulonephritis F 47

7 CBF right
elbow

I 14 1,900 800 Normal hand function, HA
in use until death (70)

Chronic
pyelonephritis

F 68

8 CBF right
elbow

I 4b 2,500 1,300 Normal hand function, HA
in use until death (48)

Lithium therapy F 70

9 CBF right
elbow
(basilic
vein)

I 3c 1,200 600 Normal hand function, HA
in use until death (36)

Vascular
nephropathy

F 76

10 CBF left
elbow

I 10 1,000 500 Normal hand function, HA
in use (12)

Diabetic
nephropathy

M 70

11 CBF left
elbow

Id 2 600 300 Normal hand function, HA
in use (18)

Diabetic
nephropathy

M 66

12 CBF left
elbow
(basilic
vein)

I 10 1,200 600 Normal hand function, HA
in use (12)

Kidney failure
after coronary
bypass operation

M 64

13 Straight
shunt right
upper arma

I 3 2,800 1,500 Normal hand function, HA
had to be removed
because of infection

Kidney failure due
to nephrolithitasis

F 73

14 CBF left
elbow

I 25 2,100 1,400 Normal hand function, HA
in use (8)

Vascular
nephropathy

M 84

15 CBF left
elbow

I 4 2,500 1,300 Normal hand function, HA
in use (6)

Diabetic
nephropathy

F 70

Clinical data
HA Hemodialysis access, CBF cimino–brescia–fistula, M male, F female
a Insertion 12 month ago, symptoms of steal 3 days. Intraoperative finding: fistula aneurysm
b Insertion 4 years ago, symptoms of steal 4 days. Intraoperative finding: fistula aneurysm
c Insertion 4 month ago, symptoms of steal 3 days. Intraoperative finding: fistula aneurysm
d Ischemic monomelic neuropathy
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Angioplasty [20] as nonoperating intervention and HA
banding, DRIL (distal revascularization interval ligature)
procedure [6, 7], RUDI (revision using distal inflow)
procedure [21], and loop-interposition [8, 9] as operating
techniques. However, because of little experience, proce-
dures are mostly chosen individually and results are
discussed controversially (Table 4). Although fistula banding
is the easiest way of treating DASS, there are only few
reports on the success of this technique. One reason is the
inherent problem with balancing fistula flow with distal flow
[22]. Especially the question, if in case of brachial-HA
fistula banding can be performed with satisfying results, has
not been answered yet, although procedures such as DRIL
(ligation of a patent brachial artery) are not the therapy of
first choice at this localization. No prospective study has
been published on the intraoperative evaluation of flow
reduction measurements, respectively. However, according
to our results, fistula banding can lead to very good long-
term results with the premise of correct indication.
Therefore, we evaluated a classification of the different
types of DASS. Accordingly, we found that, in case of type
I-DASS, a successful fistula banding could be performed
even in case of neurologic deficiency. Patients with long-
durating symptoms, on the other hand, often showed
damages such as dystrophic symptoms or necrosis (type
II-DASS). Reasons for this development might be a
deteriorated arterial inflow, e.g., due to mediasclerosis and

a retrograde flow mechanism diminishing the blood flow to
the forearm. Accordingly, in our survey, fistula banding was
not successful in any of such cases and does not seem to be
an adequate technique at this stage of disease. In two of five
patients, we therefore added a technique that minimized the
retrograde blood flow component by inserting a PTFE loop.
If such a technique is generally successful in type II-DASS,
it has not been evaluated yet [9, 21]. Undoubtedly, such an
operation is more invasive, and allogene material has to be
used. Type III-DASS (patients with extended tissue loss or
gangrene) probably cannot be sufficiently therapied without
sacrificing the HA. Accordingly, in order not to venture the
limb, we closed the HA in such patients. If techniques such
as DRIL can be a sufficient therapy in DASS type III, it is
unknown because of missing experience. Some authors
generally propagate closure of the HA in case of tissue loss
(which would be types II and III according to our
classification) [11]. In our patients, type II as well as type
III were significantly associated with diabetes mellitus. This
has been described by other authors, too [3]. According to
our results, diabetes mellitus is an important factor for poor
outcome regarding successful intervention in DASS. How-
ever, if patients with diabetes mellitus develop type I-DASS
(as three of our patients) banding procedure as described
should be performed.

As an interesting aspect in three patients, acute DASS
occurred after a long period of normal fistula function; in all

Table 4 Therapeutic concepts (literature)

Author Number of
patients (n)

Therapy Therapy-control Follow-up

Aschwanden et
al. [14]

3 Banding Indirect Duplex/Doppler ultrasound comparison
of right/left subclavian blood flow

Normal function, HA in use

Valji et al. [13] 7 Angioplasty Clinical surveillance n.d.
White et al. [3] 1 Banding Duplex/Doppler Normal function, HA in use
Morsy et al. [23] 12 Banding (n=6) n.d. n.d.

Closure (n=4) – –
Embolization
(n=1)

n.d. n.d.

DRIL (n=1) n.d. n.d.
Odland et al. [24] 25 Closure (n=9) – –

Banding
(n=16)

Digital photoplethysmography Normal function in 25 cases; in ten
cases, HA in use

Korzets et al. [6] 9 DRIL Clinical surveillance Normal function in eight cases; in seven
cases, HA in use

Jean-Baptiste
and Gahtan [7]

1 DRIL Clinical surveillance n.d.

Henriksson and
Bergqvist [9]

2 Interposition of
PTFE loop

Clinical surveillance Normal function, HA in use

Goel et al. [22] 16 Banding Clinical surveillance Normal function, HA in use
Own data 15 Banding Intraoperative: Blood flow control; postoperative:

Duplex/Doppler, clinical surveillance
Normal function in ten cases, need for
further intervention in five cases

n.d. no data, DRIL distal revascularization interval ligature, PTFE polytetrafluoroethylene, HA hemodialysis access, M male, F female
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cases, the reason was an aneurysm of the fistula vein.
Accordingly, pathological changes and not time of fistula
insertion seem to be the important aspects for clinical
evaluation (types I–III). Whether early treatment of type I-
DASS by fistula banding can prevent the development of type
II/type III-DASS or if different pathophysiological changes
irrespective of time of duration lead to the different types of
DASS is not clear yet and needs further investigation.

Conclusion

DASS is a rare but important complication of HA and mostly
occurs in brachial HA. As far as we know, DASS cannot be
predicted. The cause of DASS is multifactorial. Because of
that there are different forms and characteristics of DASSwith
different ways of treatment. We evaluated a classification of
three different types of DASS that we have established in our
institution. We found that HA banding under blood flow
control as easily performable procedure is an adequate
therapeutic option in patients with brachial HA and type I-
DASS. In type II-DASS, banding does not lead to satisfying
results. In such cases, as in type III-DASS, more complex
surgical options might lead to better results. Diabetes is
associated with poor outcome in patients with DASS.
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