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Abstract
Objective: The aim of this study was to analyze the middle-term results of endovascular treatment for Trans-Atlantic Inter-Society (TASC) II D 
femoropopliteal arterial disease in elderly patients with ulcer and gangrene.

Methods: The data of 39 elderly patients with TASCII D femoropopliteal artery disease who underwent endovascular treatment at the First Hospital 
of Hebei Medical University were retrospectively analyzed. The clinical characteristics, vascular patency/opening) rate, survival rate, limb salvage 
rate, ulcer healing rate were studied.

Results: The mean age of 39 patients was 70.5 ± 6.4 years. 25 cases of ulcers and 14 cases of gangrene were all treated by endovascular treatment. 
The mean lesion length was 32.0 ± 7.1 cm. The postoperative Ankle-Brachial Index (ABI) was significantly higher than that of the preoperative ABI 
(P<0.05). The technical and clinical success rate was 100% (39/39), the perioperative cardio-cerebrovascular event rate was 7.7% (3/39), and the 
in-stent restenosis or occlusion was 43.6% (17/39). Primary patency rate at 1 year, 2 years and 3 years were 94.5%, 75.1%, and 55.6%, respectively. 
Overall survival rates at 1 year, 2 years and 3 years were 89.7%, 76.9%, and 67.3%, respectively. Limb salvage rates at 1 year, 2 years and 3 years 
were 71.8%, 64.1% and 53.5%, respectively. On univariate analysis, risk factors affecting primary patency included common femoral artery lesions, 
diabetes, and end stage renal disease. Risk factors affecting the overall survival rate included end stage renal disease, coronary heart disease and 
gangrene. Risk factors affecting the limb salvage rate were age, diabetes, end stage renal disease, and gangrene. The ulcer healing rate was 88.0% 
(22/25), and the mean healing time was 38.3 ± 17.2 days.

Conclusions: Endovascular treatment for TASC II D femoropopliteal artery disease in elderly patients with ulcer and gangrene was safe and effective, 
and worthy of clinical application.
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open surgery, while patients with life expectancy <2 years received 
endovascular treatment [5]. In recent years, with the accumulation 
of clinicians’ experience and the development of technical materials, 
endovascular treatment of complex long segment lesions of lower 
limbs has become a common phenomenon [6].

Based on the evidence-based medical evidence, Trans-Atlantic 
Inter-Society Consensus II (TASCII) re-classified the femoral 
popliteal artery lesions and defines class D femoropoliteal lesions as 
chronic total occlusion of >20 cm of the Common Femoral Artery 
(CFA) or Superficial Femoral Artery (SFA) involving the popliteal 
artery and chronic total occlusion of the popliteal artery and chronic 
total occlusion of the popliteal artery involving proximal trifurcation 

Introduction
Peripheral Artery Disease (PAD) is a common circulatory problem, 

caused by narrowed arteries, resulting in atherosclerotic obstructions 
in the major conduit arteries [1]. PAD covers different stages from 
asymptomatic stenosis to ischemic amputation [2]. Ulcer gangrene, 
as the main manifestation of severe ischemia, seriously affects the 
quality of life of elderly patients and increases the social and economic 
burden [3]. The incidence rate of PAD is about 3%-10% and can 
increase to 15%-20% in the elder people over 70 years [4]. Severe 
PAD cases with ulcers or gangrene have to be amputated or even died. 
Surgery is the first choice for severe PAD patients. For the choice of 
treatment strategy, patients with life expectancy >2 years underwent 
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vessels suggested open surgery for TASC II D femoropopliteal arterial 
disease [4,5]. In addition, with the development of interventional 
material technology in recent years, endovascular therapies has been 
widely used in the operation of TASCII D lesions, and have achieved 
good clinical results [7-9]. In this study, we analyzed the clinical data 
of elderly patients with TASC II D femoropopliteal arterial disease, 
who received endovascular treatment in the first hospital of Hebei 
Medical University, and discussed its curative effect.

Patients and Methods
Patients

From February 2014 to February 2018, 39 patients with TASC II D 
femoral popliteal artery occlusion received endovascular treatment in 
the first hospital of Hebei Medical University. The patients included 29 
males and 10 females, aged from 60 to 82 years. 27 were for Common 
Femoral Artery (CFA) occlusion of >20 cm in length and 12 were for 
popliteal artery occlusions involving the trifurcation vessels. Ankle 
Brachial Index (ABI), color Doppler ultrasound and arterial imaging 
were performed in all patients.

Clinical diagnosis of PAD refers to the guideline [4], and the 
severity of the diseases was based on fontaine stages. The inclusion 
criteria were as following: age >60 years; chronic total occlusion length 
of common femoral artery and superficial femoral artery >20 cm, 
involving popliteal artery [5] at least one inferior genicular artery was 
unobstructed (stenosis rate <30%), proximal end of occluded segment 
was unobstructed (stenosis rate <30%). Exclusion criteria were as 
following: contrast media allergy, antiplatelet and anticoagulant 
contraindications, previous interventional therapy of target vessels, 
arterial thrombosis, and thromboangiitis obliterans. The indication of 
stent implantation was residual stenosis >50% or limited dissection. 
Technical success was defined as residual stenosis <30% and positive 
blood flow. Clinical success was defined as remission of ischemic 
symptoms and increase of ABI. Primary patency was defined as the 
patency of the target vessel without reoperation. Auxiliary primary 
patency was defined as the patency of blood flow after intracavitary 
treatment for diseased vessels other than target vessels. The secondary 
patency was defined as the occlusion of the target vessel after 
successful primary treatment and patency after interventional therapy 
[10]. Overweight and obesity were defined as Body Mass Index (BMI) 
>24.0. The area method was used to calculate the size of ulcer. The 
healing time was calculated from the operation date to the last follow-
up or ulcer healing day [11]. Major amputation was above the level of 
ankle joint. The small amputation was amputated at and below the 
ankle joint. The follow-up included the recurrence and aggravation 
of ischemic symptoms, vascular stenosis and occlusion, health 
education, etc.

Anesthesia operation
All the affected limbs received endovascular treatment. Local 

anesthesia was the first choice, followed by general anesthesia. The 
femoral artery of the affected side or the uninjured side was selected 
for antegrade or reverse puncture. Before operation, heparinization 
(intravenous injection of unfractionated 100 IU/kg heparin) was 
performed. The target vessel was opened in the true lumen first, 
and the subintimal opening technique was used after failure. If the 
opening failed, the reverse puncture technique was applied. After the 
target vessel was opened, balloon dilation was used, and stents were 
implanted according to the indications after angiography. All stents 
were self-expanding NiTi alloy stents and were dilated after balloon. 
When the puncture site was seriously calcified, the arterial hemostat 

(Beijing Puyi Shengji Technology Co., Ltd.) was used, and the other 
was Perclose ProGlide (Abbott vacuum).

Drug administration
Aspirin enteric coated tablets (100 mg/d) and clopidogrel bisulfate 

tablets (75 mg/d) were used for at least 3 days before operation. 
Aspirin enteric coated tablets and low molecular weight heparin 
(100 U/kg, Q12 h) were administered postoperatively. Five days later, 
aspirin enteric coated tablets and clopidogrel bisulfate tablets were 
administrated. Aspirin enteric coated tablets were maintained for 
a long time after 1 year. Patients with combined diseases were given 
corresponding drug treatment.

Statistical analysis
SPSS24.0 was used to calculate the patency rate, survival rate and 

limb salvage rate between the two groups. Kaplan Meier method was 
used to calculate the patency rate, survival rate and limb salvage rate. 
Log rank test was used for univariate analysis. The difference was 
considered statistically significant when P values were less than 0.05.

Results
General information

The patients included 29 males and 10 females, aged from 60 to 82 
years, with an average of 70.5 ± 6.4 years. The BMI of the patients was 
21.4-34.6, with an average of 25.4 ± 3.9. The course of disease was 1-22 
months, with an average of 10.3 ± 5.2 months. The length of hospital 
stay was 7-19 days, with an average of 12.5 ± 4.0 days. There were 39 
patients with Fontaine IV, including 31 cases of Rutherford grade 5 and 
8 cases of Rutherford grade 6. There were 21 cases on the left side, 18 
cases on the right side, 25 cases with ulcer and 14 cases with gangrene. 
The risk factors included smoking in 23 cases, hyperlipidemia in 26 
cases, hypertension in 27 cases, diabetes mellitus in 17 cases and end-
stage renal disease in 12 cases.

31 cases received local anesthesia and 8 cases received general 
anesthesia. The length of occlusive lesion was 32.0 ± 7.1 cm, the 
operation time was 122.5 ± 33.2 min, and the dosage of contrast 
medium was 146.0 ± 33.0 ml. According to the approach, 30 cases were 
reversely punctured, 9 cases were antegrade, 22 cases were true lumen 
opening, 16 cases were subintimal, 5 cases were reversely punctured, 
7 cases were balloon dilatation, 32 cases were balloon dilatation+stent 
implantation. The average number of stents per patient was 1.7, 
hemostatic devices were 13 cases, and suture devices were 26 cases. 
The clinical and technical success rates were 100.0% (39/39). The 
average ABI was 0.89 ± 0.13 after operation, which was significantly 
higher than the value of preoperation (0.17 ± 0.12, P <0.001). The 
perioperative complications included 2 cases of myocardial infarction, 
1 case of ischemic stroke, and 1 case of pseudoaneurysm at puncture 
point. In stent restenosis rate was 43.6% (17/39). The patients were 
followed up for 24-1692 days (median 1246 days).

Vascular patency rate and influencing factors
The primary patency rates of 1 year, 2 years, and 3 years were 94.5%, 

75.1% and 55.6%, respectively, with a median time of 1170 days. The 
assisted-primary patency rates of 1 year, 2 years, and 3 years were 
94.5%, 80.6% and 63.6% respectively, and the median time was 1230 
days. The secondary patency rates were 94.5%, 86.2% and 69.0%, 
respectively. The median time was 1260 days (Figure 1). Univariate 
analysis showed that common femoral artery lesions involving the 
superficial and profunda femoral artery bifurcation, diabetes mellitus 
and end-stage renal disease were associated with primary patency rate, 
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but age, gender, smoking, hypertension, lesion length, true lumen 
opening and stent implantation were not related to primary patency 
rate (Table 1).

Overall survival rate and influencing factors
The 1-year, 2-year and 3-year overall survival rates of 39 patients 

were 89.7%, 76.9% and 67.3%, respectively. The median time was 
1246 days (Figure 2). The causes of death included 4 cases of ischemic 
stroke, 1 case of hemorrhagic stroke, 4 cases of ischemic heart disease, 
1 case of chronic obstructive pulmonary disease, 1 case of road traffic 
injury and 1 case of malignant tumor. Univariate analysis showed that 
end-stage renal disease, coronary heart disease and gangrene were 
associated with overall survival rate, but age, gender, smoking, body 
mass index, hypertension, diabetes mellitus, cerebrovascular disease 
and stent were not related to overall survival rate (Table 2).

Limb salvage rate and influencing factors
The total amputation rates of 39 cases were 71.8%, 64.1% and 53.5% 

in 1 year, 2 years and 3 years, respectively (Figure 3). By at the end of 
follow-up, 18 amputations were performed, including 28.0% (7/25) in 
ulcer group and 78.6% (11/14) in gangrene group, including 8 cases of 
large amputation and 10 cases of small amputation. Univariate analysis 
showed that age, diabetes, end-stage renal disease and gangrene were 
related to limb salvage rate, but age, gender, smoking, hypertension, 
common femoral artery involvement, lesion length and stent were not 
related to limb salvage rate (Table 3).

Ulcer healing
The ulcer area of 25 patients was 0.6-7.2 cm2, with an average of 3.4 

± 1.9 cm2. The ulcer healing rate was 88.0% (22/25). The healing time of 
22 cases was 8-72 days, with an average of 38.3 ± 17.2 days. The healing 
rate of ulcer was 32.0% in 30 days and 76.0% in 60 days. Amputation 
was performed in 2 cases and non-healing in 1 case (Figure 4).

Discussion and Conclusion
PAD is a chronic disease with high social health risk which is 

seriously neglected and underestimated. In this study, all patients 
were over 60 years old with TASC II D femoropopliteal artery disease 
ulcer gangrene, and there were many risk factors. The incidence of 
cardiovascular and cerebrovascular events was high in patients with 
PAD of lower limbs during perioperative period [12]. The incidence of 
cardiovascular and cerebrovascular events in this study was 7.7%. The 
use of suture device at the puncture point after operation can make 
the patient walk around early and recover quickly. In this study, one 
case of pseudoaneurysm occurred after using suture device, which is 
related to the serious calcification of puncture point.

The patency rate of this study was higher than that of other related 
research [6], which was mainly related to the requirements of inflow 
and outflow tract grouping standards. It has been reported that in stent 
restenosis was a significant problem after endovascular treatment, with 
an incidence of 40%-50%, and the most common occurrence is in the 
femoral popliteal artery [13]. Plaque rotation system as an effective 
treatment of in stent restenosis has achieved good clinical effect [14]. 
In this study, 43.6% patients had in stent restenosis occlusion. 4 cases 
were treated with this method and the clinical effect was satisfactory. 
The primary patency rate involving the common femoral artery 
is lower than that of the group of simple femoral popliteal artery. It 
may be located at the bifurcation of the femoral artery near the joint 
with the common femoral artery, which has a large range of motion 
and complex hemodynamics. It has been reported that open surgery 
can deal with the occlusive lesions of the common femoral artery 
and protect the deep femoral artery [15]. The low vascular patency 
rate in end-stage renal disease may be related to severe vascular 
calcification and less collateral formation. Diabetic patients with 
vascular endothelial cell damage, platelet aggregation and adhesion 
enhancement, blood hypercoagulability, etc., are also common clinical 

Figure 1: Vascular patency curve.
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Figure 2: Overall survival curve.

Figure 3: Limb salvage curve.
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Figure 4: Ulcer healing curve.

Cases Mean ± SD (Y/N) χ2 value P value

Age (>70 years) 20/19 930.1 ± 98.8/1169.3 ± 84.1 2.981 0.084

Male 29/10 1042.7 ± 86.5/1073.0 ± 94.1 0.040 0.841

Smoking 23/16 1003.2 ± 93.7/1096.4 ± 93.1 0.232 0.630

Hypertension 27/12 1071.1 ± 89.7/1014.4 ± 99.5 0.228 0.633

Diabetes 17/22 860.0 ± 98.7/1219.0 ± 81.1 8.520 0.004

End-stage renal disease 12/27 722.7 ± 126.1/1201.6 ± 62.4 9.636 0.002

Common femoral artery 26/13 840.0 ± 103.3/1222.3 ± 70.5 7.509 0.006

Length of lesion>30 cm 21/18 1007.2 ± 88.9/1104.6 ± 103.6 3.422 0.064

True cavity opening 22/17 1055.4 ± 82.1/1038.0 ± 109.6 0.017 0.897

Vascular stent 32/7 1099.4 ± 75.1/861.4 ± 129.0 2.406 0.121

Table 1: The factors affecting primary potency.

Cases Mean ± SD (Y/N) χ2 value P value

Age (>70 years) 20/19 1009.3 ± 124.6/1454.5 ± 109.0 3.843 0.050

Male 29/10 1193.8 ± 115.8/1348.6 ± 90.1 1.262 0.261

Smoking 23/16 1127.1 ± 132.0/1349.5 ± 83.3 3.269 0.071

BMI>24.0 21/18 1136.8 ± 132.6/1309.9 ± 120.3 3.422 0.064

Hypertension 27/12 1285.9 ± 121.3/1173.8 ± 112.1 0.318 0.573

Diabetes 17/22 1061.6 ± 121.7/1404.4 ± 117.7 3.047 0.081

End-stage renal disease 12/27 829.8 ± 153.0/1442.7 ± 95.0 10.760 0.001

Coronary heart disease 17/22 780.7 ± 133.4/1189.7 ± 92.0 5.085 0.024

Cerebrovascular disease 6/31 780.8 ± 196.7/1037.5 ± 92.0 0.082 0.774

Vascular stent 32/7 1288.8 ± 104.6/1018.5 ± 138.7 0.449 0.503

Gangrene 14/25 874.4 ± 151.8/1448.8 ± 92.0 6.418 0.011

Table 2: The factors affecting overall survival rates.
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problems after endovascular treatment of postoperative restenosis 
[16].

The 5-year mortality rate of patients with severe limb ischemia can 
reach 50%-70% [17], and once vascular reconstruction fails, they will 
face 40% amputation rate and 20% mortality rate within 6 months [4]. 
The 3-year survival rate was 67.3%. The main cause of death was stroke 
38.5%. Gangrene and end-stage renal disease were the main influencing 
factors, which were related to the progress of the disease course [18]. 
The 1-year and 3-year limb salvage rates were 71.8% and 53.5% 
respectively, which were lower than those in the previous study [6]. The 
difference in the results was related to the different subjects included. 
PAD of lower limbs can cause diabetic foot ulcer and gangrene, which 
is the main reason of amputation in diabetic patients. Patients with 
end-stage renal disease have higher amputation rate and mortality rate 
after vascular reconstruction [19]. Gangrene is mainly tissue necrosis 
and secondary infection of spoilage bacteria, which has a higher risk 
of amputation than ulcer. Amputation after vascular reconstruction is 
the main treatment [20]. The amputation rate of gangrene patients in 
this study is 78.6%, and the other 3 cases were successfully limb salvage 
by skin flap transplantation and other techniques. Most of the wounds 
healed well after vascular reconstruction. The ulcer healing rate was 
88.0% after intracavitary treatment. There was one diabetic patient 
whose ulcer had not completely healed by the end of follow-up. Due 
to the small number of cases in this group, the risk factors affecting 
the ulcer healing rate were not statistically analyzed, and the relevant 
literature did not make a clear conclusion.

It has been reported that the target vessel occlusion of severe limb 
ischemia is based on thrombosis on the basis of atherosclerosis. 
Anticoagulation can improve the limb salvage rate [21]. Low molecular 
weight heparin was routinely used for anticoagulation. In addition, 
health education for patients during follow-up, such as smoking 
cessation and alcohol restriction, blood pressure control, cholesterol 
reduction and exewrcise therapy can also play an irreplaceable role in 
delaying the progress of PAD after endovascular treatment [22].

In conclusion, the mid-term follow-up effect of endovascular 
treatment for ulcerative gangrene patients with TASC II D is acceptable. 
However, there are still many uncertainties in the long-term follow-up 
effect compared with open surgery.

Limitation
Our study has important limitations. First, this is a retrospective 

observational study. Second, we were unable to account for the 
effectiveness of endovascular or surgical revascularization procedures 

since there was no comparison with surgical arm in this study. Last, 
outcomes are limited to small sample size on factors with effect 
patency, survival and salvage rate.
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