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ABSTRACT 
 

Background: Mature autogenous arteriovenous fistula(AVF) seems to be the best way to access 
the circulation for chronic hemodialysis in patients with end stage renal disease(ESRD), but in 
some cases steal can occur in relation to these fistulas and resulted in distal ischemia manifested 
as attacks of sever ischemic pain during dialysis sessions (that may mandate discontinuation of the 
session) which may progresses to digital ischemic rest pain, digital ulcers or gangrene. And in 
some cases long standing peripheral nerve ischemia can occur and manifests as a progressive 
atrophy of forearm and hand muscles with progressive weakening of hand grip. Over decades DRIL 
operation was described as a definitive treatment to cure this ischemic manifestation with 
preservation of the fistula, but criteria for patient selection, fine technical details and the spectrum of 
indications were lacking in these previous reports.  
Aim of the Work: The aim of this study is to define criteria for selection of cases for whom DRIL 
operation can be applied with good outcome, test the efficacy of this procedure to treat fistula 
induced distal ischemic neuropathy and achieving partial or complete nerve recovery. Along with 
description of the fine technical details during surgery.  
Materials and Methods: Twelve patients were enrolled in this study, all of them were having 
mature brachial artery based AVF for chronic hemodialysis with manifestations of distal ischemia 
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caused by steal through the fistula. They were examined clinically and by duplex ultrasound, routine 
lab. and cardiac investigations were done. Nerve conduction studies were done for cases with 
suspected ischemic neuropathy. Surgery was planned for all of them where a vein was used as a 
bypass graft after ligation of the artery just distal to the fistula and patients were followed up over 
the next six months. 
Resuls: DRIL operation was successfully applied to all selected patient with almost complete cure 
of ischemic manifestations and, surprisingly, a progressive recovery of severely damaged nerves, 
in cases presented with sever ischemic neuropathy, as the patients regained a near normal muscle 
mass and hand grip. All grafts were patent at the end of the follow up (100% primary patency). 
Conclusion: Beside being an ideal solution for a selected cohort of patients suffering from fistula 
induced critical hand ischemia, DRIL operation offers an excellent treatment option for those 
suffering from fistula induced delayed ischemic neuropathy especially in its sever form. 
 

 
Keywords: AV fistula; steal; hand ischemia; distal revascularization. 
 

1. INTRODUCTION  
 
A substantial change in treatment strategies of 
hemodialysis (HD) patients occurred over last 
decades, thanks to James E. Cimino who 
advocated the use of mature arteriovenous 
fistula (AVF) to access the circulation for chronic 
hemodialysis after his notice that traumatic AVF 
in Korean war veterans did not affect their health 
significantly [1–3]. 
 
Haemodialysis via a mature autogenous A-V 
vascular access seems to be the best resort for 
patients with end stage renal disease (ESRD) for 
chronic dialysis, but sometimes complications 
occur in relation to these mature well-functioning 
fistulae, which necessitate prompt intervention 
otherwise deleterious outcomes may ensues [4]. 
 
A mature AVF usually causes reduced blood flow 
distal to the arteriovenous anastomosis, which 
may leads to hypoxia, ischemia and tissue loss. 
This syndrome, known in the literature as the 
steal syndrome, are especially more prevalent in 
diabetics and elderly patients. Most of the time, 
an AVF does not reduce perfusion of the hand to 
a critical level [5]. However, about1.6–8% of 
patients develop frank hand ischemia [6] with the 
classical manifestations of coldness, cyanosis, 
pain at rest or during dialysis or even digital 
ulcers or gangrene [7]. As with the reduced, or 
even retrograde, flow in the arterial territory distal 
to the fistula, hand perfusion is usually 
compromised.. This hemodynamic changes 
usually remains clinically asymptomatic until the 
moment when compensatory mechanisms for 
perfusion by peripheral arteries are exhausted 
[8]. 
 
The pathophysiology of this ischemic hand 
syndrome is assumed to be related to reduction 

of the blood flow in the arterial system caused by 
arterial occlusive disease proximal or distal to the 
arteriovenous anastomosis. The steal syndrome 
may arise from excessive blood flow through a 
dilated outflow veins together with insufficient 
vascular adaptation and reduced collateral 
supply to the distal arteries. For most cases this 
ischemic manifestations is often tolerable, but 
severe longstanding hypoperfusion may ends by 
tissue necrosis requiring digital amputation or 
even forearm amputation in 1% of patients [5]. 
 
Treatment can be just ligation of the access, 
which usually improves the condition, but this will 
sacrifice the access which may be the last option 
for this patient, so treating the condition with 
preservation of the fistula is the best strategy. 
According to the suspected etiology, multiple 
options exist for example: angioplasty of proximal 
lesions, proximalization of arterial inflow, 
banding, distal revascularization with interval 
ligation (DRIL) or revascularization using distal 
inflow (RUDI) [9]. 
 
Distal revascularization and interval ligation 
(DRIL) was first described by Schanzer and 
colleagues and has gained popularity as a 
treatment option for fistula associated steal 
syndrome. The technique involves ligation of the 
brachial artery just distal to the AVF inflow and 
revascularization of the distal arm via a bypass 
taken from the bracial artery proximal to the AVF 
[10]. Good results have been reported by many 
authors; [11–17] however, factors associated 
with failure of the procedure have not been 
clearly identified. Furthermore, details on 
operative technique, particularly the level of the 
bypass inflow, are often lacking and many 
authors suggest that a short bypass, originating 
only a few centimetres proximal to the AVF may 
be adequate [10,12,15]. 
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1.1 Aim of the Work 
 

The aim of this study is to define the criteria for 
selection of the patients for whom DRIL 
operation is properly indicated, along with 
identification of a new indication for this operation 
rather than critical hand ischemia, with clear 
description of anatomical, technical and 
hemodynamic details.  
 

2. PATIENTS AND METHODS 
 

This is a retrospective non comparative 
interventional study. It was conducted between 
January 2019 and July 2021 in the Departments 
of Vascular Surgery, Alexandria New Medical 
Center (ANMC) and Tanta University hospital, 
Egypt. The study included 12 patients with end 
stage renal disease (ESRD) and on chronic 
hemodialysis via mature brachial artery based A-
V fistulae who were affected by manifestations of 
steal caused by these fistulas. Patient selection 
depended on clinical examination and color 
duplex ultrasound study. 
 

2.1 Inclusion Criteria 
 

Patients included in this study were those on 
chronic hemodialysis via mature AVF with 
manifestation of steal phenomena in the form of 
ischemic rest pain in the hand, digital ulcer or 
gangrene or delayed ischemic neuropathy 
resulting in progressive weakness in forearm and 
hand muscles with the experience of ischemic 
pain during dialysis sessions. 
 
In this study, the presence of occlusive arterial 
disease distal to but away (>7cm) from the body 
of the fistula or if the radial pulse cannot be 
readily felt after closure of the fistula by manual 
compression, does not contraindicate the 
operation.  
 

2.2 Exclusion Criteria 
 

- Patients with satisfactory radial or ulnar 
pulse where the primary disease is 
assumed to be in the palmer arch or digital 
arteries 

- Patients with vaso-occlusive disease 
proximal to the fistula. 

- Patients with vaso-occlusive disease distal 
but near (<7cms) to the fistula when the 
occluded segment was present in the 
artery planned as an outflow vessel.  

- Patients experiencing sever hypotension 
during dialysis sessions (risk of graft 
thrombosis) 

- Patients with mixed ischemia and venous 
hypertension especially if the fistula feeds 
more than one axial vein, (as ligation of 
excess outflow veins usually solves the 
problem). 

- Patients with grossly aneurysmal or 
inflamed AVF. 

 

2.3 Preprоcedural Clinical Examination 
and Investigations 

 

- General examination to exclude additional 
systemic disease like ictric tinge in hepatic 
patients or the presence of anemia or 
hypoproteinemia. 

- Local examination of the affected limb 
regarding the shape, presence of edema 
or signs of venous hypertension, size and 
number of arterialized veins, presence of 
aneurysms or pseudoaneurysms, areas of 
inflammation or infection, state of muscle 
mass in the forearm and hand, color and 
temperature of the hand and digits and the 
presence of trophic changes, ulcers or 
gangrene. Any nearby vein other than the 
main arterialized one was marked and was 
considered as a potential graft material for 
this short bypass if it was of adequate 
length and diameter. Finally palpation of 
the thrill in arterialized veins and palpation 
of the radial and ulnar pulses before and 
after manual compression to cease the 
flow across the fistula 

- Colored duplex study to examine patency 
and flow characteristics of the arteries 
proximal to the fistula (subclavian to 
brachial), flow across the fistula 
(flowmetry), state of the arteries distal to 
the fistula regarding anatomical details, 
caliber, patency and direction of flow 
(antegrade or retrograde) and examination 
of the palmer arches. Finally examination 
of the veins near the fistula for selection of 
a potential graft material (a vein which is 
not a principle site for cannulation with a 
length of at least 12cms and a caliber of 
3mms or more. 

- Routine laboratory and cardiac 
investigations. 

- Nerve conduction study and 
electromyogram for cases presented with 
progressive muscle atrophy in the 
ipsilateral forearm  

 

2.4 Surgical Intervention 
 

- -Anesthesia: general anesthesia was 
offered to some patients but the vast 
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majority were operated upon with 
supraclavicular brachial plexus block or 
local anesthesia with light sedation. 

- Surgical technique: The first incision was 
placed over the course of the brachial 
artery seven to ten centimeters proximal to 
the AV fistula, dissection of about three 
centimeters of the artery and encirclement 
with a vessel loop. The second incision 
was placed over the distal brachial artery 
just distal to the body of the fistula, manual 
compression of the fistula helped us to 
recognize the exact site of the artery by 
feeling the pulse, dissection of the distal 
brachial artery and its bifurcation at this 
site was technically demanding due to 
dense adhesions, and the need to carry 
out the dissection as near as possible to 
the body of the fistula, meticulous patiently 
performed dissection was needed, 
isolation of two to three centimeters of 
distal brachial/ proximal radial or ulnar 
arteries without scarification of major side 
branches was done . 

 
Next, harvest of a nearby adequate vein as a 
graft material, and after preparation and flushing 
of the vein, ligation of the distal brachial / 
proximal radial or ulnar artery as near as 
possible to the fistula using a 0 or 2/0 silk 
ligature. After flushing of the distal arterial bed 
using heparinized saline, arterial control and 
creation of the distal anastomosis, was carried 
out distal to the ligature using the proximal end of 
the vein. After testing the integrity of the 
anastomosis tunneling of graft to the proximal 
incision was done coursing medial to the fistula 
and the arterialized vein, then creation of the 
proximal anastomosis after arterial control using 
6/0 polypropylene double armed suture. 
 
After revision of the graft and getting sure of 
adequate arterial pulse distal to the distal 
anastomosis closure of the wounds in one layer 
and suction drains were inserted only if 
excessive soft tissue ooze was noticed ( figure). 
 

No systemic heparin was given. 
 

Debridement of digital ulcers or gangrene was 
done immediately if the patient was under 
general anesthesia or supraclavicular block, but 
for cases done under local anesthesia 
debridement of necrotic tissues was delayed 
unless infected.  
 

After completion of the procedure digital 
palpation of the radial or ulnar pulse was done 

and if not palpable examination using a hand 
held Doppler was carried out and compared to 
the preoperative status.  
 

2.5 Follow Up 
 
Follow up visits were scheduled at 1 week 
(dressing), 2 weeks (suture removal and duplex 
assessment), one month (duplex), 3 months 
(duplex, nerve conduction study for cases of 
fistula induced ischemic neuropathy) and six 
months (duplex assessment and nerve 
conduction study). 
 

3. RESULTS 
 
Twelve patients were enrolled in this study, there 
were eleven males and one female. Their age 
ranged from 21 to 65 years with a mean of 35.6 
years (SD ± 13.225), two of them were diabetic 
but controlled and seven of them were 
hypertensive. Periods of dialysis via this stealing 
fistula ranged from 8 to 60 months with a mean 
of 23.67 months (SD ± 15.135). 
 
All patients complained of pain or at least 
discomfort specially during dialysis sessions, but 
the main complaints were digital ulcers or 
established gangrene (tissue loss) in 7 patients 
(58.3%), sever devastating rest pain in 3 patients 
(25%) and muscle atrophy with weak hand grip 
and claw hand deformity (delayed ischemic 
neuropathy but warm well perfused hands) in 2 
patients (16.67%) who had not gained any 
improvement with physiotherapy and reported 
the experience of sever ischemic pain near the 
end of each dialysis session (Fig. 1). All                  
patients were on regular dialysis via mature AV 
fistulas for at least seven months before 
development of the complaints (delayed 
complications).  
 
On clinical examination all fistulae were 
functioning ones, with absent or very faintly felt 
radial pulse and with manual compression of the 
fistula, till ceasing the flow through it, radial pulse 
returned to be strongly felt in 9 patients (75%) 
but no remarkable changes were noticed is 3 
patients where arterial occlusive disease distal to 
the fistula was concluded which was assured 
later on with Duplex examination which showed 
that the arterial walls distal to the fistula were 
healthy in 9 patients while 3 patients were having 
segments of chronic total occlusion (CTO) or 
multiple tight stenosis in distal arterial territories 
(seven centimeters or more distal to the fistula). 
Also duplex study found that the arterial flow just 
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distal to the fistula was antegrade in 4 patients 
(Fig. 2) while it showed a retrograde flow in 8 
patients (66.7%). The estimated flow across the 

fistulae ranged from 1700 to 3200 cc/minute with 
a mean of 2452 cc/min. SD ± 396.78 as was 
shown by duplex study. 

 

 
 

Fig. 1. Distribution of different clinical presentation among patients 
 

 
 

Fig. 2. Duplex study showing encroachement of the fistula on the brachial bifurcation with 
distal antegrade flow in patient with critical hand ischemia 
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Nerve conduction studies were done for 2 
patients suffered from progressive muscle 
atrophy of the forearms and hands of the fistula 
side compared to the other side, which started to 
develop several months after maturation of the 
fistula, and showed that there was ischemic 
nerve changes with axonal loss (Fig. 6). 
 
We operated on patients with hemoglobin 
concentration of at least 9 gms/dl and a normal 
co-agulation parameters and platelet counts. No 
critical cardiac, pulmonary or hepatic conditions 
were found in our patients. 
 
General anesthesia was offered for 2 patients, 
while supraclavicular brachial plexus block was 
done for 8 patients, and 2 patients received local 
anesthesia with mild sedation. 
 
During intervention we noticed that the brachial 
artery in almost all cases was hypertrophied 
unlike the arteries distal to the fistula which were 
of small caliber and almost pulseless which 
made their dissection and isolation in the field of 
adhesions a challenging mission. 
 
A sufficient segment (≥3cms) of brachial artery 
distal to the fistula could be obtained in 3 patients 
(25%) while the body of the fistula was 
encroaching on the brachial bifurcation in the rest 
of the patients where the proximal radial or ulnar 
arteries were used as a site for outflow. Ligation 
of the artery distal but as near as possible to the 
body of the fistula was done in all cases and the 
distal anastomosis was created distal to this 
ligature after flushing of the artery distally with 
heparinized saline. In most cases there was an 
adequate vein near the fistula which could be 

used as a potential bypass graft (Figs. 3,4) as we 
used the basilic vein in 6 cases (as the main 
arterialized vein used for dialysis was the 
cephalic), the nearby cephalic vein was 
harvested in 4 cases, the descending forearm 
vein was used in one patient and a saphenous 
harvest was carried out in one patient where no 
adequate vein could be found in the operated 
limb ( one of the 2 cases received general 
anesthesia). The length of the graft ranged from 
10 to 15 cms. with a mean of 12.42 cms (SD ± 
1.4). 
 
We needed to insert a closed suction drain for 4 
cases for excessive tissue ooze. At the end of 
the procedures all grafts were patents with fair 
pulse at the distal anastomosis, radial pulse was 
adequately felt in nine patients (75%) and 
debridement was done for 5 patients. All patients 
were discharged within 24 hours and were 
prescribed antibiotics, LMWH in subtheraputic 
dose (Enoxaparin sodium 4000 to 6000 IU /12 
hours subcutaneously) for ten days with dropping 
of one dose at the day of dialysis) and aspirin 
100 mg/day for 3 months. 
 
At the first and second follow up visits (at 5-7 and 
12-15 post-operative days respectively) drains 
removal, dressing with further debridement and 
stitch removal were done. All grafts were found 
to be patent by hand-held Doppler. 
 
Seven patients (58%) were able to carry on 
dialysis via their fistulae within 3 days of the 
operation where parts of the arterialized vein 
could be sufficiently exposed so as punctures did 
not violate the surgical wounds, and for the other 
5 patients temporary hemodialysis catheters 

 

 
 

Fig. 3. Just before intervention 
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Fig. 4. Intra operative photography 
 

 
 

Fig. 5. Digital gangren before, 2 weeks and one month after intervention 
 

were inserted and were removed just after stitch 
removal where patients could regain dialysis via 
their fistulae. No rest pain was reported during 
the first two visits but 2 cases of superficial 
wound infection had been found (one of them 
was a diabetic patient) and were treated with 
antibiotics and completely resolved without 

sequlae. Patients with muscle atrophy were 
advised to continue sessions of physiotherapy. 
 
Subsequent visit were at one month after the 
operation where all patients attended it and 
complete healing of the surgical wounds was 
noted, patency of all grafts was confirmed and 
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most of the sites of ischemic tissue loss were 
adequately healed (five out of seven patients 
showed total healing of digital ulcer or 
debridement sites Fig. 5). 
  
At three months all patients attended the follow 
up visit and all of them were enjoying a stable 
dialysis via their fistula with patent grafts and well 
perfused hands. Muscle atrophy started to 
improve with nerve conduction studies showed 
ongoing regeneration of the previously lost axons 
(Fig. 6). 

The last visit was at six months and ten patients 
attended as one patient died at the fifth month 
after the operation and one patient was 
incompliant with attendance. All of them were 
found with functioning fistulas through which 
regular dialysis was done, duplex scanning 
showed patent grafts in all of them. In patients 
with delayed ischemic neuropathy, 
electrophysiological studies showed near total 
recovery of the affected nerves and clinically, 
complete resolution of claw hand deformity with 
regaining of near normal muscle mass and hand 
grip for both of them (Figs. 7, 8). 

 

 
 

Fig. 6. Nerve conduction study before and 3 months after intervention 
 

 
 

Fig. 7. Improved forearm girth and resolved claw hand deformity 3 months after intervention 
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Fig. 8. Marked improvement of the muscle mass of the operated limb to be nearly identical to 
the other side 

 

4. DISCUSSION 
 
We tried to summarize our experience with 12 
cases to whom DRIL was done as a definitive 
treatment for steal phenomena developed as a 
delayed complication of AVF created for dialysis, 
and this relatively small number treated over 
more than 2 years were those patients having no 
exclusion criteria, as most of the patients 
presented to us were those with mixed ischemia 
and venous hypertension with the presence of 
multiple outflow veins where ligation of excess 
veins was enough to solve the problem, or those 
with extensive arterial obliteration distal to the 
fistula necessitated ligation of the shunt in order 
to save the hand from amputation. The fine 
surgical details explained in this work may be a 
good guide for junior vascular fellows adopting 
this technique as a treatment strategy. We 
demonstrated that, unlike the original description, 
the graft for bypass can be harvested from the 
same surgical field, abolishing the need for 
incisions in the thigh or leg to have a saphenous 
harvest and enabled us to carry out the 
procedure under regional nerve block or even 
local anesthesia. The introduction of a new 
indication for DRIL, which is delayed ischemic 
neuropathy with progressive muscle atrophy and 
hand weakness, was an important point in our 
study that had never been described in the 
literature as we obtained very satisfactory results 
for these cases. Although there were 3 patients 
presented with arterial occlusive disease distal to 

the fistula (sub-optimal outflow), all patients 
enjoyed 100% graft patency till the end of their 
follow up periods, this may be explained by the 
short lengths of the grafts, the use of autogenous 
materials for grafting (veins), the relatively 
hypertrophied-high flow brachial artery at the site 
of proximal anastomosis and the short course 
anticoagulation given post operatively. Even with 
the presence of arterial disease in the forearm, 
once there is an adequate outflow segment, 
DRIL seemed to be sufficient for hand salvage 
depending on the extensive collateralization in 
the forearm and hand. Schanzer et al. [10] gave 
the first original description of this technique and 
they described the original hemodynamic 
features and surgical techniques and achieved 
100% graft patency and clinical cure in their 
small numbered cohort (3 patients), the ischemic 
neuropathy as an indication was outside their 
scope. 
 
Haimov et al. [18] reported cure rate of 86% with 
95% graft patency in their 23 studied patients 
over a 24 months of follow up which was less 
than the cure and patency rates in this study and 
this is most probably due to the longer follow up 
time for those patients with a well-known 
increased risk of progressive peripheral vascular 
disease owing to their renal condition. 
 
Stierli et al. [19] studied six patients and reported 
a cure rate of only 33% in spite of having all their 
grafts patent during the follow up, this may be 
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related to the extensive obliteration of the palmer 
arches while Knox et al. [12] studied 52 patients 
over extended follow up periods (24-48 months) 
and they had a 86% patency rate with a cure rate 
of 55% and improvement in 25% in their patients. 
Lazarides et al. [20] and Field Blackweel and co-
authors [21] reported their experience with seven 
and six patients respectively and they both 
achieved 100% graft patency with 100% cure 
rates. A decade separated the two studies and a 
longer period separated their studies from the 
current one, but the results were the same, this 
optimal results are almost attributed to the strict 
selection for candidates for this intervention. 
 

Finally we found that carful pre and post 
operative duplex study was sufficient enough for 
diagnosis, planning intervention and follow up 
which minimizes the role of contrast based 
studies for these patients. 
 

5. CONCLUSION 
  

DRIL using an autogenous vein graft was found 
to be an effective, safe and cost effective method 
for treatment of fistula induced critical hand 
ischemia, and as well for treatment of delayed 
ischemic nerve complications. 
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