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Introduction  
The clinical expression of vascular disease in the lower extremities 

of diabetics varies from asymptomatic to critical limb ischemia [1]. 
Ulcers and gangrene may develop, ultimately leading to amputation 
or even to death. In the diabetic population, the risk of vascular disease 
increases with age, duration of diabetes, and presence of peripheral 
neuropathy. The true prevalence of Peripheral Arterial Disease 
(PAD) in diabetics has been difficult to determine because most of the 
patients remain asymptomatic for various reasons, such as blunted 
pain perception because of the presence of peripheral neuropathy, 
and the lack of consensus on screening modalities for early diagnosis 
of PAD [2]. Due to the presence of high-risk cardiovascular disease, all 
patients with PAD should undergo clinical and diagnostic evaluations. 
Once PAD is diagnosed, further evaluation with Doppler studies, 
digital subtraction angiography, magnetic resonance angiography, 
and computerized tomographic angiography may be indicated [3]. In 
cases of critical ischemia of the limb, bypass surgery for limb salvage 
is an established treatment specifically in those patients who are not 

suitable endoluminal treatment or where endoluminal treatment has 
failed. 

Revascularization is mandatory in all patients who have critical 
leg ischemia, incapacitating disease, or critical arterial stenosis with 
good distal run off; revascularization is possible whenever distal 
runoff is adequate. Revascularization may be achieved through 
endoluminal techniques or with surgical bypass [4]. Autogenous 
vein is the most effective conduit for infra inguinal arterial bypass 
procedures, especially for bypass to the infra popliteal arteries [5]. 

The synthetic graft is only used when autologous graft was either 
not available due one or the other reasons specifically in diabetics. 
More over the use of synthetic graft was prevented in the presence 
of diabetic foot infections [6]. In this study, 218 patients underwent 
surgical revascularization with autologous reverse saphenous vein 
graft and 103 patients with synthetic e PTFE graft. We assessed 
patency of the grafted conduit in the short term and yearly for up 
to five years, and assessed the outcomes of patient survival and limb 
salvage. 

Abstract

Objectives: Diabetic patients are prone to early development of vasculopathy, resulting in lower 
limb ischemia, which can lead to non-healing ulcers, foot infection, loss of limb, and even death. These 
patients need revascularization of their limb either using endovascular or open surgical techniques. 
Not all patients are suitable for endovascular treatment warranting the open surgical revascularization 
techniques.  

The objective of this study was to evaluate the patency of arterial bypass grafting using reverse 
saphenous vein graft in the treatment of peripheral vascular disease of the lower limbs in diabetic 
patients.  

Patients and Methods: Between January 2004 and December 2014, 218 diabetic patients 
with lower limb ischemia of Fontaine class III and IV underwent distal arterial bypass grafting with 
autologous reverse saphenous vein graft. Another group of 103 patients where the saphenous vein was 
ether previously used or not suitable as conduit underwent revascularization using synthetic ePTFE 
graft.  Patency of the grafts, overall effectiveness of revascularization, improvement in symptoms, and 
healing of ulcers were assessed at short-term (three months) and long-term (mean 20.6 ±6.6 months) 
follow-up.  

Results: At short-term follow-up, 88% of grafts were patent. Fifty-two percent of ischemic ulcers 
had healed, and severe ischemic symptoms (rest pain, claudication, ischemic ulcers, limitation 
of physical activities, and worsening of glycemic control) had improved or were resolved in 87% 
of patients. Compared to the synthetic graft group, 71% graft were patent on short term follow up. 
Amputation of a limb was required in 11% of patients even after revascularization. Renal impairment 
worsened, requiring renal transplantation, in 8% of patients who had undergone revascularization. 
Eight (4%) patients died in long-term follow-up but none from complications of the revascularization.  

Conclusions: A high percentage of autologous reverse saphenous vein grafts placed in diabetic 
patients with peripheral vascular disease are patent at long-term follow-up. The revascularization 
reduces the rates of amputation, helps in ulcer healing, and relieves ischemic symptoms.  Comparing 
with the group of patients, where revascularization was achieved using synthetic grafts, a higher 
percentage patent grafts were found in autologous reverse saphenous vein grafts group. 
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Patients and methods 

Between January 2004 and December 2014, a total number of, 
636 patients with peripheral vascular diseases were operated at our 
institutions out of those 402 consecutive peripheral vascular bypass 
procedures were performed at our institutions on 218 diabetic 
patients with lower-limb ischemia of Fontaine class III and IV 
using autologous vein graft  and 103 patients using synthetic ePTFE 
grafts.  The guidelines of the European Consensus Document were 
applied to all patients [7]. Patients who had emergency operations, 
redo revascularization procedures, acute thromboembolic disease 
requiring emergency surgery, were not included in the study. Distal 
arterial bypass grafting with autologous reverse saphenous vein graft 
was used in 218 patients and in 103 patients synthetic ePTFE graft 
was used. Preoperatively, all patients were investigated with digital 
subtraction angiography or computerized tomographic angiography. 
All patients were operated under epidural or spinal anesthesia with 
prior anesthetist consultation. Before arterial clamping, 2000–
3000 IU unfractioned heparin was administered to all patients. 
Postoperatively, all patients were given full-dose unfractioned  
heparin (20,000-40,000 IU/ 24 hours for three to five days, and 
thereafter were given acetylsalicylic acid at standard dose (75 mg) 
daily. Peri-operatively apart from heparin and prophylactic antibiotics 
(cephalosporin third generation three doses as per hospital policy 
for clean wounds) and statins were prescribed to all patients, where 
antibiotics were continued when indicated (where there was diabetic 
foot infection or surgical site infections).  The glycemic control was 
achieved during the peri operative period using standard insulin in 
divided doses as dictated by the regular blood glucose monitoring. 
All patients were reviewed in surgical clinics at six-month intervals 
for the first two years and yearly thereafter. Patency of grafts, overall 
effectiveness of the revascularization, improvement in symptoms, 
and healing of ulcers were monitored at short-term and long-term 
periods. Among the 321 diabetics, 158 (72.6) had postoperative 
conclusion-check angiograms; the others had Doppler studies. All 
patients were closely monitored for patency of their grafts, which was 
assessed by examination of peripheral pulses, ankle-brachial index, 
Doppler studies, or angiograms.  

Results for quantitative variables were expressed as median ± 
standard error, or as median and range; categorical findings were 
expressed as percentage (%).   

Results 
Age and sex distribution of the patients are displayed in Table 1. 

Female patients tended to be younger than male patients. Patients’ 
comorbidities are listed in Table 1. Fifteen patients with occluded 
bypass were treated successfully by thrombectomy. Six patients 
underwent major amputation after unsuccessful therapy within the 
hospital-stay period. The locations of the grafts and the type of bypass 
are given in Table 2.  

Patients’ short-term (three months) postoperative results were 
evaluated. The reverse saphenous vein grafts were patent in 88% 
(192/218) of patients immediately after the procedure and at three-
months’ follow-up. Compared to the synthetic graft group, 71% 
graft were patent on short term follow up. Amputation of a limb was 

required in 11% of patients even after revascularization. Two deaths 
(9.3%) occurred in the short-term follow-up period. In patients in 
whom ankle-brachial index was measured, values of 0.8 and above 
were maintained in 55%, of 0.6-0.8 in 28%, and less than 0.6 in 18%. 
Reoperations were performed for graft thrombosis at the anastomosis 
sites in six (2.8%) patients and for hematoma in nine (4.1%) patients.  

Mean long-term follow-up time was 20.6 ±6.6 months. At that 
time, 162 (74%) of the 218 diabetics were physically active, with 
enhanced quality of life (overall effectiveness of revascularization) 
compared to their preoperative state; grafts were patent in 163 (75%) 
patients compared to the synthetic group where on long term follow 
up graft were patent in  61 (59 %) patients.  Eight patients (4%) had 
died. The causes of death were myocardial infarction (five), end-stage 
renal disease and renal failure (one), recurrent stroke (one), and 
complications of renal transplantation (one); no death was due to 
complications of the revascularization. 

Among patients who had ischemic ulcers, 52% of the ulcers 
had healed, and 87% of patients who had ischemic symptoms (rest 
pain, claudication, ischemic ulcers, limitation of physical activities, 
and worsening of the glycemic control) had relief of symptoms. 
Amputation of a limb was required in 24 (11%) of patients even after 
revascularization. The site and side of the amputations are given in 
Table 3.  

Diabetes was better controlled in 73% of patients on short-term and 
long-term follow-up, whereas renal impairment worsened, requiring 
renal transplantation in 8% of patients after revascularization for limb 
ischemia.  

Discussion 
In this study, we  evaluated the patency rate of vascular conduit, 

limb salvage, overall effectiveness of revascularization, improvement 
in symptoms, and healing of ischemic ulcers in diabetic patients who 

Table 1: Age and sex distribution with Co-morbidities in the 218 diabetic patients.

Age Group (Years) Male Female

30-39   5 0

40-49   23 4

50-59   37 13

60-69   78 17

70-79   26 5

80 and above 7 3

Total 176 42

Table 2: The Type of revascularization and location of reverse saphenous vein 
grafts in the 218 diabetic patients

Surgical procedure  Patients % of Subtotal 

 Femoro-popliteal bypass above knee    87   40% 

Femoro-popliteal bypass below knee    105   48% 

Femoro- posterior tibial bypass     17   8% 

Femoro- peroneal  bypass     09   4% 

Total   218    100% 
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had undergone autologous reverse saphenous vein grafting. The 
major findings were the following: at long-term follow-up, grafts 
were patent in 88% of patients; 52% of ischemic ulcers had healed; 
and severe ischemic symptoms (pain at rest, claudication, ischemic 
ulcers, limitation of physical activities, and worsening of glycemic 
control) had improved or resolved in 87% of patients. Amputation 
of a limb was required in 11% of patients even after revascularization, 
a rate similar to that in other studies but much lower than the 46%-
62% rate of amputation in patients with critical limb ischemia 
treated conservatively [8]. Renal impairment worsened, requiring 
renal transplantation, in 8% of patients. At long-term follow-up, 
although 4% of patients had died, none died from complications 
of the revascularization. Overall, the results indicate substantial 
improvement in the vascular consequences of PAD in most of the 
diabetic patients. The venous conduit we used for revascularization 
had better outcomes (long-term patency of the graft, limb survival, 
and symptomatic improvement) than outcomes reported for 
synthetic grafts, especially in patients with below-knee outflow 
anastomoses [9]. 

The global burden of diabetes is projected to increase to over 380 
million people by the year 2025 [10]. PAD is an important risk factor for 
lower extremity amputation in diabetic patients, especially those with 
foot ulcers. In patients with severe leg ischemia, revascularization has 
been reported to produce a better quality of life than does amputation 
[11]. Evolution and refinement of vascular surgical techniques have 
significantly improved limb preservation and decreased the incidence 
of lower-extremity amputation [12]. Diabetic patients are at high risk 
for loss of limbs due to neuropathy, infection, and the presence of 
arterial occlusive disease. The prevalence of PAD in diabetic persons, 
as in others, differs in various geographic zones around the globe [13].  

Successful revascularization of ischemic limbs in diabetic patients 
reduces the rate of major amputation [14]. Revascularization can be 
achieved either with surgical bypass or endoluminal procedures. 
PAD presents as intermittent claudication and absence of peripheral 
pulses in the lower limb or pain at rest. Chronic limb ischemia is 
the most severe phase of PAD, with loss of limb being a dreaded 
consequence. In the Western world, the prevalence of symptomatic 
peripheral arterial occlusive disease causing intermittent claudication 
in men and women aged 55 - 74 years is 45 %; diabetics are twice 
as susceptible to these complications as are non-diabetic persons 
[15]. The clinical manifestations of atherosclerosis occur primarily in 
three vascular beds: coronary arteries, lower limbs, and extra cranial 

carotid arteries. Diabetes increases the incidence of atherosclerosis 
and accelerates the atherosclerosis of each vascular bed. Diabetics 
have a 2- to 4-fold higher rate of PAD than do non-diabetics with 
similar other risk factors [16]. Both the duration and severity of 
diabetes correlate with the incidence, extent, and severity of PAD. 

Diabetes also alters the course and nature of infra popliteal arterial 
occlusive disease and vascular calcification are more common in 
diabetics than in non-diabetic cohorts [17]. Moreover, diabetics 
more frequently develop the symptomatic forms of PAD disease, 
such as intermittent claudication and loss of limbs compared to non-
diabetics f similar risk group . The presence of diabetes reportedly 
increases the risk of claudication by 3.5 fold in men and 8.6 fold in 
women [15]. Uncontrolled and longstanding diabetes is the cause of 
most non traumatic lower extremity amputations in the United States 
[18]. 

The only way to alleviate symptoms and prevent the loss of 
limbs in patients with critical limb ischemia is revascularization. 
Methods of revascularization and their applicability are a matter of 
discussion. The saphenous vein has been widely used as conduit [19]. 

And the reverse saphenous vein graft is considered the best method 
of revascularization [20]. The reported global quality of life after 
revascularization was similar in our study (74%) and previous studies 
(69 to 75%),  and the long-term patency of the saphenous vein grafts 
also was similar (75% vs 72%). However, we prefer to use saphenous 
vein grafts because of their excellent reported patency and because 
the available contra-lateral vein can be harvested [21]. which allows 
the procedure to be applied to more patients.  

End-stage renal disease is a strong risk factor for foot ulceration 
and amputation in diabetics. This and other risk factors accentuate 
the difficulties in planning treatment, and the long-term mortality 
rate is high. The risk factors may negatively influence the decision 
to perform a revascularization procedure [22]. However, our data 
indicate that even patients with increased risk factors may have 
favorable results [23]. Our study further establishes the advantages 
of early revascularization in diabetic patients who have critical limb 
ischemia requiring revascularization. The patency of the conduit 
depends on the status of the grafted vessel, the distal run off, the status 
of the proximal feeding vessels, and glycemic control [24]. Although 
numerous studies have assessed the patency of vein grafts in diabetic 
and non-diabetic patients, few studies have been conducted solely in 
diabetics [25]. In agreement with another study, our results support 
the view that diabetes has no negative impact on the patency of vessels 
in peripheral bypass operations. Except for the increased mortality 
during follow-up in diabetics, the clinical result (limb salvage and 
healing of pedal lesions) in patients with and without diabetes seems 
to be similar; the latter result was demonstrated for the first time in 
this study. Surely the outcomes in this study represent only a first step 
in assessing the overall outcome of revascularization of peripheral 
vessels in diabetic subjects; more investigations will be needed to 
determine the function of preserved feet and the duration of healing 
achieved.  

Conclusion  
Peripheral vascular disease is a serious problem in diabetic 

patients, resulting in increased mortality and morbidity if not treated 
effectively. Distal arterial revascularization, using reverse saphenous 

Table 3: Site and side of amputations in the 218 diabetic patients who underwent 
revascularization.

Amputation site  Right  Left  Rehabilitation  

Great toe 2  1 Satisfactory

Other toes   2  2  Satisfactory 

Midtarsal   4  1  Adequate 

Syme   1  0  Adequate 

Below knee   4  6  Adequate 

Above knee   1  0  Inadequate 

Total  14  10  n/a 
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vein graft, is proved to be an effective surgical technique that reduces 
the rate of amputation, helps in ulcer healing, and relieves ischemic 
symptoms as the graft remained patent in majority of the cases at 
long-term follow up in these patients. Comparing with the group of 
patients, where revascularization was achieved using synthetic grafts, 
a higher percentage patent grafts were found in autologous reverse 
saphenous vein grafts group. 
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