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INTRODUCTION: Surgical bypass for the 

treatment of lower extremity peripheral 

arterial disease is a suboptimal option in 

high-risk surgical patients or patients with 

limited life expectancy. Percutaneous 

transluminal angioplasty (PTA) is an 

alternative in such patients; however, the 

results of this approach have not been well-

studied in our region. This study evaluated 

the results of infrapopliteal percutaneous 

transluminal angioplasty and/or stenting for 

critical limb ischemia (CLI) due to 

peripheral arterial disease of lower limbs in 

surgically high-risk patients. 

 

METHODS: We conducted a retrospective 

study in four medical centers in Iran, from 

May 2006 to September 2009. Patients with 

CLI (Rutherford category 4-6), multiple two-

vessel lesions, ankle-brachial index (ABI) of 

less than 0.05, high surgical risk category, 

and a follow-up of > 1 year after 

percutaneous transluminal angioplasty were 

included. Patients with restenosis of graft 

lesions, a life expectancy of less than 1 year, 

or those who were thienopyridine intolerant 

were excluded. “Limb salvage” was defined 

as a reduction in stenosis or occlusion to less 

than 30%. The primary 

endpoint was limb salvage rate. Survival 

and patency were evaluated with the 

 

Kaplan-Meier method. 

 

RESULTS: Sixty patients met the inclusion 

criteria. Mean age was 60.5±8.4 years (men 

73.3%, diabetes mellitus 83.3%, current 

smoker 33.3%, hypertension 70%) and 

baseline ABI was 0.51±0.08. Anterior tibial 

artery (47%) was the most frequently 

involved blood vessel. A total of 22 stents 

and 122 balloon angioplasties were used in 

98 limbs. “Limb salvage” was achieved in 

58 (96.6%) patients immediately after the 

procedure. One-year salvage rate was 88.3%. 

Complete ulcer healing was achieved in 

64.3% patients, and partial healing was 

obtained in 26.4%. Only one major 

procedure-related complication was 

reported; perforation with post-operative 

compartment syndrome. Major arterial 

access site complications (n=3, 5%) included 

two hematomas and a pseudoaneurysm. 

One-year survival rate was 96.6%. One-year 

major amputation rate was 11.7%. 

 

CONCLUSIONS: Infrapopliteal 

angioplasty alone or with stenting is a 

valuable treatment option for the prevention 

of amputations in patients with CLI for 

whom surgical bypass is not an option and in 

whom the risk of amputation is high. 
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INTRODUCTION 

Atherosclerosis is a common cause of morbidity 

and mortality with a prevalence of 11.4% to 

33.8% in individuals above 60 years of  

AgE [1, 2] The prevalence of intermittent 

claudication, a symptom of peripheral arterial 

atherosclerosis, is estimated to be present in 6-

10% of the elderly population. 
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examination, evaluation for limb salvage and patency 

rates with Doppler and angiography. “Limb salvage” in 

our study was defined as a reduction in arterial stenosis 

or occlusion to less than 30% measured at the narrowest 

point of vascular lumen by angiogram. “Clinical 

success” was defined as the disappearance of pain at 

rest, healing of an ulcer and avoidance of “major” 

amputation. Major amputation was removal of part of 

lower limb either above or below the level of the knee. 

The primary endpoint was limb salvage rate; other 

endpoints were partial or complete ulcer healing. Data 

was entered and analyzed on SPSS version 15. Mean ± 

standard deviation (SD), or if the distribution was non-

Gaussian, median with range was calculated for 

quantitative variables. Survival and patency was 

evaluated with the Kaplan-Meier method. 

 

PROCEDURE 

All 4 centers had similar procedure protocols for PTA. 

Before angioplasty, all the patients received clopidogrel 

(75 mg daily) for eight days. After establishing arterial 

access, they received intravenous unfractionated 

heparin (70u/kg) according to a standard protocol
11

. 

Femoral antegrade access was preferably used if 

possible; otherwise crossover technique was performed. 

5F or 6F sheaths were used. 

PTA was done with Amphirion deep balloons (Invatec) 

with 6-10 atm pressure and a diameter of 20-40 mm, 

and if needed, a stent was implanted (Chromis deep or 

rarely other bare stents). Stent deployment was used not 

only for post-ballooning arterial dissection, but also for 

selected cases with complex ulcer, flow-limiting 

dissection or residual stenosis of more than 30%. Distal 

runoff was evaluated by angiography during the 

procedure and then the sheaths were sutured 

percutaneously. All patients were discharged on 

clopidogrel (75 mg daily) for 2 months or longer. 

 

RESULTS 

Our retrospective medical record review identified 60 

patients (73.3% men, mean age 60.5±8.6 years) in 

whom PTA was performed at four centers in Iran 

between May 2006 and September 2009 (Table 1). All 

patients had a non-healing or gangrenous ulcer 

(Rutherford grade 5 to 6), were poor candidates for 

surgery (vascular surgeons had declined to attempt 

surgical repair in all the cases), and had been followed 

clinically for at least for 1 year after the PTA. The study 

included 98 consecutive infrapopliteal angioplasties. 

Baseline ABI was 0.51±0.08. The most frequent 

comorbid conditions were non-insulin-dependent 

diabetes mellitus (83.35%, n=50) and hypertension 

(70%, n=42). Anterior tibial artery was the most 

frequent site of stenosis (47%) (Table 2). A total of 124 

PTA procedures (2 stents only, 20 balloon angioplasty 

with stenting, and 102 balloon angioplasties alone)  

Of these, 10–20% may develop severe limb-threatening 

ischemia, requiring endovascular or surgical 

revascularization and in some cases, even amputation 

[3]. Despite the high burden of morbidity, few studies 

have focused on peripheral arterial disease (PAD) in 

contrast to coronary artery disease, and additional 

studies are needed.  

Critical limb ischemia (CLI) is a manifestation of an 

advanced stage of PAD, characterized by pain at rest, 

ulcerations or gangrene of the limb, and association 

with evidence of reduced blood flow [4]. CLI mostly 

involves infrapopliteal arteries. Revascularization is 

necessary to save the limb and can be performed 

surgically or percutaneously [5]. When both are 

possible,   percutaneous transluminal angioplasty (PTA) 

is preferred to surgery due to similar outcomes but 

lower morbidity and cost [6]. A particular challenge in 

performing infrapopliteal PTA is the small size of the 

tibial artery and its tendency to spasm [7, 8]. While 

bypass surgery of the lower extremity is the treatment 

of choice for limb salvage in CLI, surgical bypass may 

not be a good option for patients with limited life 

expectancy, poor distal target vessels, lack of an 

adequate autologous venous conduit, or significant 

comorbid conditions. For such poor surgical candidates, 

options are limited to PTA or amputation, the latter 

associated with higher mortality and morbidity [9, 10]. 

Infrapopliteal arteries are commonly involved. Thus, 

PTA of infrapopliteal arteries is a viable alternative in 

situations when the success of surgical and 

percutaneous approach are equally likely or when 

patient characteristics prohibit the use of surgical 

approach. While considerable data is available on the 

long-term results of infrapopliteal PTA from other 

countries, such data from Iran is lacking. Therefore, our 

aim in this study was to evaluate the long-term results 

of infrapopliteal PTA and/or stenting for limb salvage 

in Iran. 

 

METHODS 

We conducted a retrospective study, in four 

metropolitan centers in Iran: Shiraz, Tehran, Gorgan 

and Esfahan, from May 2006 to September 2009. 

Patients with CLI who were poor candidates for surgery 

and had been followed for 1 year after the procedure 

were included in the study. In our study, CLI was 

defined as: (1) Rutherford category 4-6
4
, (2) multiple 

two-vessel lesions (including the tibioperoneal trunk, or 

both of the anterior and posterior tibial arteries and a 

segment of the peroneal artery) assessed by 

angiography, and (3) the ankle-brachial index (ABI) of 

less than 0.05. Patients with restenosis of graft lesions 

or with a life expectancy of less than 1 year were 

excluded, as were those who were thienopyridine 

intolerant. Follow-up examinations were done up to 1 

year post-intervention and included clinical  
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Limb salvage rate (procedural success) 96.6% 

Cumulative one-year limb salvage rate 53 (88.3%) 

Complete ulcer healing 38.3 (64.3%) 

Partial ulcer healing 15.8 (26.4%) 

One-year survival 58 (96.6%) 

Major complications 1 (1.6%)* 

Arterial access site complications 3 (5%) ** 

Major amputation 7 (11.7%) 

Table 3: Patient follow-up and clinical outcome  
*One perforation with compartment syndrome 

**Two major hematomas not requiring transfusion, one pseudoaneurysm 

 

Variable n (%) 

Age in years (mean with range) 
60.5±8.6 (48.8-

80.4) 

Gender (male) 44 (73.3) 

Prior history of coronary artery bypass graft 4 (6.6) 

Hypertension 42 (70) 

Hypercholesterolemia 16 (26.6) 

Active smoker 20 (33.3) 

Type II diabetes mellitus 50 (83.3) 

Type I diabetes mellitus 6 (10) 

Table 1: Patients' demographics and clinical 

characteristics (n=60) 

Total number of limbs treated 98 

Total number of stents deployed 22 

Total number of arteries treated 124 

Popliteal artery 4 (3.2%) 

Tibio-peroneal trunk artery 26 (20%) 

Anterior tibial artery 46 (37%) 

Peroneal artery 14 (11.2%) 

Posterior tibial artery 34 (27%) 

Ankle brachial index 0.51±0.08 

Table 2: Procedural and vessel characteristics (n=98) 
 

were done for 98 limbs. Stenosis or occlusion was reduced 

to less than 30% (that is the limb salvage rate) in 58 

(96.6%) patients (Tables 1 and 2). 

The anterior tibial artery was perforated in one patient during 

operation leading to compartment syndrome in the early 

postoperative period. Major arterial access site complications 

included two cases with an extensive early post-operative 

hematoma not requiring blood transfusion, and one patient 

with early post-operative access-site pseudoaneurysm. There 

were no other major complications. 

One-year salvage rate was 88.3% (n=53). Complete ulcer 

healing was seen in 64.3% patients and partial healing was 

seen in 26.4% (Table 3). A cardiovascular event led to the 

death of a patient. One-year survival rate was 96.6%, thus 

the estimated mean time of cumulative survival was 

11.4±0.29 months (10.83 to 11.96 months). Leg major 

amputation rate was 11.7% (7 cases: 2 cases after 3 months, 

one case after 4 months, one after 6 months, one after 8 

months and two after 12 months). 

 

DISCUSSION 

We have found that the overall success rate of PTA is quite 

high at one-year follow-up. We found one-year salvage rate 

of 88.3%, an ulcer healing rate of 90.6% (64.3% complete 

healing, 26.4% partial healing), and a major procedural  

complication rate of 1.6%. Stents were used in 22 (23.3%) of 

the 124 arteries which were treated. Major amputation rate 

was 11.7%. 

The limb salvage rate in our study was higher than the 73% 

rate of successful limb salvage and ulcer healing reported by 

Keeling and colleagues in elderly Irish patients [12]. On the 

other hand, the one-year limb salvage rate (88.3%) compares 

favorably with the rate obtained from other studies using 

pure balloon angioplasty (13-80%) [13]. In most previous 

studies, only balloon angioplasty was used for PTA of 

infrapopliteal arteries, and stent angioplasty was limited to 

cases with dissection after balloon angioplasty. Our use of 

stents was somewhat more liberal as we also used PTA with 

stents for selected cases with complex ulcer, flow limiting 

dissection or residual stenosis of more than 30%.   

  

To examine the effect of PTA on ulcer healing, Feiring et al 

evaluated 82 patients with either CLI or severe claudication 

due to infrapopliteal lesions. They achieved a 96% ulcer 

healing rate and their technical success rate was 94% [14]. 

Stenting in this vessel bed appeared to be technically more 

successful than PTA, and also had higher patency rates [15]. 

Scheinert et al, based on follow-up data of 112 patients 

treated with either PTA alone or PTA with stenting in the 

infrapopliteal vessels, showed that one-year patency rate was 

significantly higher (83%) in the PTA with stent group [16]. 

Rand et al determined the primary success rate and short-

term patency rates of PTA versus stent PTA using carbofilm 

coated stents in 95 BTK lesions. Primary success rates were 

equal but primary patency rate in the stent group was 

significantly better at 6 months follow-up [17]. A limitation 

of the study was the lack of availability of documentation of 

risk factors that may have affected the patency and survival 

rate in patients. 

Although previous research showed that bypass is a 

preferable option than PTA in CLI because it improves 

overall survival and amputation-free survival [18], we found 

that PTA of the infrapopliteal artery in poor surgical 

candidate CLI patients had good limb salvage (96.6%) result 

and fewer “major” complications. In patients with  
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CLI, PTA for infrapopliteal arteries should be considered 

among other alternative therapies. We suggest that 

surgically poor candidates who are at high risk for 

amputation due to CLI should be evaluated by a vascular 

specialist with experience in lower limb PTA for possible 

limb salvage via endovascular approach. 
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Figure 1: Cumulative one-year limb salvage rate 

(Kaplan-Meier method) (n=98). Primary patency 

rate at 1 year was 88.3%. 
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