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Introduction
As the number of patients requiring hemodialysis grows, 

complications relating to vascular access become more frequent. 
Although rare, ischemia of the hand resulting from steal syndrome 
could be seriously dampened and seen in about 5% of subjects with 
upper limb arteriovenous fistulae (AVF) [1]. Clinically relevant 
ischemic hand post hemodialysis access surgery is rare (1-4%) in native 
AVF. Its occurrence is believed to rise with the ageing and expansion 
of the hemodialysis subjects [2]. Operative adverse effects post AVA 
access comprised swelling of the arm, hemorrhage, infection and 
dialysis access-associated steal syndrome (DASS). DASS is diagnosed 
by rest pain, motor or sensory deficit and ulcers or gangrene leading 
to amputation [3].

A variety of treatment strategies have been reported for DASS 
including fistula ligation, banding (i.e., flow-limiting strategies), bypass 
and proximalization of the arteriovenous anastomosis. The decision is 
dependent upon variable elements, comprising the symptoms severity, 
patient risk factors, and the potential usefulness of the AVA per se [4]. 

DRIL operation is deemed nowadays the procedure of preference for 
maintaining the AVA patency while managing steal symptoms [5,6]. 
It was declared that DRIL technique is a long lasting intervention for 

DASS, and multiple series have reported perfect long-term try patency 
rates approaching 80% at 5 years [4,7-9]. 

Patients and Methods
Between January 2015 and January 2017, DRIL operation was 

performed on 49 patients in Vascular Surgery Departments, Qena and 
Assiut University hospitals. Written informed consent was obtained 
from all participating subjects. Patient demographics and comorbidities 
were detected. Type of fistula whether (native brachiocephalic, upper 
arm basilic transposition, or synthetic graft) were listed. 

The procedure’s indications were classified into 4 classes: Emergence 
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of ischemic rest pain, digital ulcers, limb gangrene and finally new 
neurological deficiency. Mild sensory neurological symptoms patients 
were excluded from the procedure. DRIL procedure was believed to be 
successful in treating rest pain if all symptoms were subsided; in treating 
digital amputation when healing was accomplished; and in managing 
a neurologic symptom if it was completely dealt with. Survival for a 
fistula was defined as the duration of its use prior to its abandonment 
as the primary method of achieving dialysis access.

The primary patency for a bypass graft was determined by clinical 
examination or duplex scan. Fistula salvage was determined as the 
period of its usage before its cessation as the initial way of accomplishing 
dialysis access and primary patency for a bypass graft was detected 
clinically or by duplex scan. Fistula failure within 6 months of DRIL 
was deemed to be an early loss and all other losses except those of 6 
months duration were believed to be late.

Inclusion criteria 
Patients had at least one of the following criteria beside the evident 

manifestations of ischemic hand: existence of reduced Doppler wave 
forms in both radial and ulnar arteries that enhanced with manual 
compression of the fistula; flow reversal in the brachial artery; peak 
velocities increase detected in both radial and ulnar arteries with 
fistula compression; or raised distal arterial flow with manual fistula 
compression detected on angiography. Adequacy of arterial inflow was 
investigated pre DRIL technique by duplex scan or arteriography. Most 
patients had preoperative extremity angiography for adequate patients’ 
selection in which benefit will be gained mostly by the performed 
procedure (Figure 1).

A stenosis more than 50% was believed to be hemodynamically 
remarkable. Surveillance was performed at 1, 3, 6, 12 months and then 
each 6 months thereafter. Additional scans and/or managements were 
carried out for repeated hand manifestations, and/or considerable 
reductions in arterial pressures (i.e., 15 mmHg drop in wrist pressure). 

Exclusion criteria 

Subjects with upper arm peripheral arterial disease discovered 
in preoperative angiography neither those with previous performed 
accesses and we used only great saphenous vein (≥ 3mm) as a conduit 
and other graft types are excluded.

Operative procedure

When available, hemodialysis is done on the preceding day of the 

surgery. Intravenous antibiotic was given about 30 minutes before 
surgery and general anesthesia was administered. The DRIL procedure 
was performed as follow; the proximal anastomosis of the vein graft 
bypass was created ≥ 7 cm proximal to the arteriovenous anastomosis 
of the access. The distal anastomosis was performed immediately 
distal to the access anastomosis and the brachial artery was ligated 
immediately proximal to the distal graft anastomosis. Our preferred 
graft was greater saphenous vein (≥ 3 mm). Post procedure, patients 
were given aspirin (81 mg) unless contraindicated. Post procedure 
access and the vein bypass graft patency were assured by a palpable 
thrill and audible bruit existence over the AVA. Dialysis was continued 
accordingly on the next day using the current access (Figure 2).

Statistical analysis

All data were analyzed using SPSS version 15.0. Categorical 
variables were presented with percentages and frequencies. Student’s 
t test and chi square test were used to estimate differences between 
groups in risk factors and fistula types and steal syndrome occurrence. 
Time-to-event distributions for graft patency rates were estimated 
using Kaplan-Meier curves. The difference was considered statistically 
significant at p<0.05.

Results
 Between January 2015 and January 2017, 49 DRIL operations were 

carried out on 49 subjects with symptomatic steal syndrome. Twenty 
nine patients were females (59.1%) and 20 subjects were males (40.9%). 
Their ages ranged from 35 to 71 years (mean=57 years). Hypertension 
was present in 34.6% of patients, diabetes in 48.9%, 16.3% were smokers 
and 10 patients had ischemic heart disease (IHD). Fourteen DRIL 
operations were carried out after performance of a brachiocephalic 
fistula, 14 after a brachiobasilic fistula performance. Twenty one after a 
prosthetic bridge fistula creation and all prosthetic bridge fistulas were 
placed in the arm (Table 1).

Significant difference was found between diabetes as a risk factor 
and steal syndrome occurrence as “p value <0.05”while there is no 
difference between other risk factors as hypertension, smoking and 
IHD and the occurrence of steal syndrome (p value >0.05). Statistically 
significant difference was found as well between type of fistula 
(prosthetic fistula) and steal syndrome happening as “p value <0.05” 
but no significant differences with other types of fistula “p value >0.05” 
(Table 2).

Twenty six DRIL operations were carried out for ischemic hand 
Figure 1: Arm angiography showing the pre-operative situation before and after 
compression of the shunt [5].

Figure 2: Distal revascularization by interposition saphenous vein graft and 
interval ligation of brachial artery where (1) is cephalic vein, (2) interposition 
saphenous vein graft, (3) Brachial artery just above anastomosis and  (4)
interval ligation of brachial artery just beyond the anastomosis of AVF.
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pain (53.2%), 22 for neurological deficits (44.8%), and the remaining 
case was presented by digital gangrene (2.0%) (Table 2). The median 
time to diagnosis of steal symptoms after access creation was 7 days for 
neurological deficits, 45 days for ischemic rest pain, 70 days for digital 
gangrene. Median time to develop steal manifestations was 30 days for 
those with prosthetic fistulas, 44 days for patients with brachiobasilic 
fistulas, and 58 days for those with brachiocephalic fistulas.

Post-procedural complications were reported in 11 patients 
(22.4%); AVA thrombosis in 8 patients, mild hematoma in two 
subjects; treated by conservative means and follow up, and superficial 
infection occurred in one case and managed by local wound therapy. 
There were no perioperative deaths (Table 3).

Following DRIL, 43 patients had immediate and total pain relief, 
while improvement was not determined in the remaining 6 patients 
whom required later on ligation of the access. Distal pulses returned 
in 42 of the 43 patients. For the subject with preoperative gangrene, 
trans-metacarpal amputation of one finger was done later on (Table 4).

Mean follow-up period was 10.47 months (range 1-17 months). 
At the end of the follow-up duration 41 subjects had working AVA. 
Thrombosis of the access occurred in 8 patients 9 and 14 months after 
DRIL operation. During the follow up period the bypass graft was 
patent in 44 patients (89.7%) and graft thrombosis was reported in the 
residual 5 cases (three of them had functioning AVA). Following DRIL 
procedure, adequate dialysis was maintained in all subjects on their 
regular basis (Figures 3 and 4) (Table 5). 

Discussion
It is well known that there are greater than 800,000 subjects in the 

United States had end-stage renal disease (ESRD) requiring dialysis 
[10]. With the rate of ESRD rising by about 15% yearly, the need for 
AVA will rise and a considerable assertion will be put on effective 

Figure 3: Kaplan-Meier curve showing graft patency.

Figure 4: Kaplan-Meier curve demonstrating fistula preservation.

Variables Number Frequency
Demographics
Age, years (mean ± SD) 57 ± 10
Sex
Male 20 0.409
Female 29 0.591
Comorbidities
Hypertension 17 0.346
Diabetes 29 0.591
IHD 10 0.204
Smoking 8 0.163
Type of fistula
Brachiocephalic 14 0.285
Brachiobasilic 14 0.285
Prosthetic brachioaxillary 21 0.43

Table 1: Demographic data & types of fistulae of the study subjects.

Risk factors Steal Syndrome 
(P Value)

Type of fistula Steal Syndrome 
(P value)

Hypertension >0.05 (0.189) Brachiocephalic >0.05 (0.338)
Diabetes <0.05 (0.000)** Brachiobasilic >0.05 (0.338)
IHD >0.05 (0.633) Prosthetic brachioaxillary <0.05 (0.002)**
Smoking >0.05 (0.538) brachioaxillary -

**"P value <0.05 is considered statistically significant".

Table 2: Relations between risk factors, fistula type and steal syndrome occurrence.

  Frequency Percentage (%)
Ischemic pain 26 53.2
Neurological deficit 22 44.8
Gangrene 1 2
Total 49 100

Table 3: Clinical presentation.

  Frequency Percentage (%)
AVA thrombosis 8 16.3
Infection 1 2.04
Hematoma 2 4.08
Total 11 22.4

Table 4: Post-procedural complications.

  Frequency Percentage (%)
No 6 12.2
Yes 43 87.8
Total 49 100

Table 5: Immediate improvement following manoeuver.
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compensatory responses include an increase in the cardiac output and 
arterial vasodilatation. When these compensatory responses are in-
appropriate, they may result in ischemic hand. A hemodynamically 
considerable lesion “either inflow or outflow” could aggravate the early 
hemodynamic alterations and furthermore prohibit the compensatory 
mechanisms [20]. Whilst, DRIL had more difficulties in comparison 
with other interventions as it implicated a vein established brachial 
artery bypass, DRIL resulted in excellent improvement of symptoms 
up to 87.7% in our work and is consistent with other large series (80%-
100% patient improvement) [7,9]. 

Regarding graft patency following procedure, graft was patent in 
44 patients (89.7%) and graft thrombosis was reported in the residual 5 
cases (10.2%) (3 of them had functioning AVA) in our follow up period 
that extended up to 1.5 years. The prolonged bypass patency rates are 
expected since the relative brief extent of the graft as it involves a vein 
based brachial artery bypass and the adequate inflow. Many literatures 
had declared prolonged access patency following DRIL of 76% to 82% 
at 5 years [8,21,22]. Inspite of worries related to the demand of an axial 
artery ligation and limb dependence on an arterial bypass, several large 
series have found graft thrombosis as a rare condition, with 1ry patency 
of 86% to 100% at 1 year and 78% 6 5% to 96.9% at 5 years [9,23]. 

In this study, the DRIL procedure was extremely successful in 
treating ischemic pain, digital ulcers, and finger gangrene, completely 
relieving symptoms in more than 80% of patients.

Limitations of the study: First is the retrospective nature of the 
study, second is the small sample size of the studied subjects so we could 
not suggest recommendations that could be applied on those particular 
patients. Third, our follow up period was quite short in comparison 
to other series but it is often hard to persuade the patients to adhere 
to the follow up program. Lastly, the accesses long-term patency 
and durability are not well recorded since mostly accesses thorough 
handling and observation is the responsibility of the nephrologists after 
being appropriate for dialysis.

Conclusion
DRIL technique is efficient in relieving steal manifestations post 

AVA creation while preserving the access function. It can be advocated 
as the initial management for CRF patients with ischemic pain, digital 
ulcers or finger gangrene with an expected good prognosis. Our results 
suggest that DRIL bypasses are durable despite the fact that long term 
results should be investigated.  
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