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The Factors Affecting Recurrence of Symptoms after Infrainguinal 
Arterial Endovascular Angioplasty
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Background: This study reports the result of endovascular treatment for arterial occlusive disease limited to femo-
ropopliteal lesions, focusing on the recurrence of symptoms instead of patency. Methods: This was a retrospective, 
single-center study. From April 2007 to November 2011, 48 limbs in 38 patients underwent endovascular stenting 
or balloon angioplasty to treat femoropopliteal arterial occlusive disease. The factors affecting the recurrence of 
symptoms were analyzed. Results: The mean age of the patients was 69.60±7.62 years. Among the baseline 
characteristics of the patients, initial hyperlipidemia was the most important factor affecting the recurrence of symp-
toms (relative risk=5.810, p=0.031). The presence of a dorsal arch was also a significant factor (relative risk=0.675, 
p=0.047). Conclusion: The major factors that affect the recurrence of symptoms after endovascular treatment for 
femoropopliteal arterial occlusive lesions are hyperlipidemia and the presence of a dorsal arch. Therefore, the us-
age of lipid-lowering agents after endovascular treatment and taking the presence of a dorsal arch into consid-
eration are important elements of managing the recurrence of symptoms.
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INTRODUCTION

Percutaneous transluminal angioplasty (PTA) is performed 

in cases of peripheral arterial occlusive disease to maintain 

blood flow to the distal part of the limbs by expanding oc-

clusive, stenotic, or atherosclerotic vascular lesions using spe-

cial technologies and instruments with small incisions or 

punctures [1]. The recurrence of symptoms after PTA may 

have multiple causes including in-stent stenosis, the occurrence 

of new lesions, and the effects of other comorbidities [2]. 

However, patients with problematic arterial lesions may not 

complain of any significant symptoms; major causes for this 

include the progressive development of collateral vessels and 

decreased activity of the patient, which contributes to reduced 

tissue oxygen demand.

There are many studies analyzing the patency of endovas-

cular stents, but few focus on the recurrence of symptoms. 

This study retrospectively analyzes the factors affecting the 

recurrence of symptoms in patients who underwent endovas-

cular stenting or balloon angioplasty for femoropopliteal arte-

rial occlusive disease.
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Table 1. Demography of the patients (n=38)

Variable Value

Male sex 31 (81.6)

Hypertension 28 (73.7)

Diabetes 23 (60.5)

Cerebral infarction 9 (23.7)

Hyperlipidemia 8 (21.1)

Coronary arterial occlusive disease 8 (21.1)

Chronic obstructive pulmonary disease 1 (2.6)

Current smoking 24 (63.2)

Age (yr) 69.60±7.62

Smoking (pack year) 30.68±22.88

TransAtlantic Inter-Society 

Consensus II classification

(Limbs)

A 7 (14.6)

B 27 (56.3)

C 8 (16.7)

D 6 (12.5)

Values are presented as number (%) or mean±standard deviation.

METHODS

This study was a single-center, retrospective study from 

April 2007 to November 2011. PTA was performed on a total 

of 80 patients to treat femoropopliteal lesions. Endovascular 

treatment was performed on eleven patients due to embo-

lisms, and 29 patients with concomitant iliac arterial lesions 

were excluded. Two patients with primary failure after PTA 

were also excluded, because it was difficult to determine 

whether their symptoms had recurred. In total, 48 limbs were 

reviewed from 38 patients who had undergone endovascular 

stenting or balloon angioplasty limited to femoropopliteal ar-

terial stenotic or occlusive lesions. All procedures were car-

ried out by a single interventional radiologist and were su-

pervised by vascular surgeons. The following information was 

collected about the patients: sex, age, comorbidities, smoking 

history, TransAtlantic Inter-Society Consensus (TASC) II 

classification, the number of distal runoff vessels, the pres-

ence of a dorsal arch, the recurrence of symptoms, symp-

tom-free duration, and follow-up duration. Recurring symp-

toms included disabling claudication (walking＜100 meters), 

resting pain, an unhealed ulcer, and minor or major tissue 

loss [2].

The factors related to symptom recurrence were analyzed 

using Cox proportional hazards regression models, t-tests, 

chi-square tests, and Fisher’s exact tests. The endpoints were 

the recurrence of these symptoms or development of asso-

ciated symptoms with greater severity than before the endo-

vascular repair. Results are expressed as means with 95% 

confidence intervals where appropriate, and p-values＜0.05 

were considered statistically significant. The statistical analy-

ses were performed using IBM SPSS ver. 20.0 (IBM Co., 

Armonk, NY, USA).

RESULTS

The mean age of the patients was 69.60±7.62 years. There 

were 28 hypertensive patients (74%), 23 diabetic patients 

(61%), and eight patients with hyperlipidemia (21%). In addi-

tion, 24 patients smoked at the time of their procedure, and 

the average smoking history was 30.68 pack-years (Table 1). 

There were seven TASC A lesions, 27 TASC B lesions, eight 

TASC C lesions, and six TASC D lesions according to the 

TASC II classification (Table 1) [3].

Twenty-one limbs (43.7%) had recurring symptoms within 

the follow-up period. When patients with recurring symptoms 

after endovascular treatment visited the hospital, computed to-

mography angiography was performed to reevaluate these 

lesions. Re-intervention was performed in eight limbs. The 

symptoms in the other 13 limbs improved with additional 

medication.

The groups with and without symptom recurrence after en-

dovascular treatment are compared in Table 2. Hyperlipidemia, 

the presence of a dorsal arch, and the smoking history ex-

pressed in pack-years were significantly different in the base-

line characteristics of the groups. As a result, those without 

symptom recurrence had a lower amputation rate, lower re-in-

tervention rate, higher primary patency, and higher secondary 

patency than those with symptom recurrence did.

The results of the Cox proportional hazards analysis of 

symptom recurrence are presented in Table 3. Significant fac-

tors were hyperlipidemia and the presence of a dorsal arch.

There were eight patients with hyperlipidemia with 10 in-

volved limbs, which was the basis for our statistical analysis. 

The differences between the groups with and without hyper-

lipidemia are summarized in Table 4. The recurrence of 
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Table 2. Comparison of with or without symptom-recur groups

Variable Without symptom-recur With symptom-recur p-value

Age (yr) 68.85 70.57 0.444

Sex (male, %) 81.4 85.7 0.700

Diabetes (%) 61.5 63.6 0.942

Hypertension (%) 69.2 81.8 0.123

Smoking (pack year) 23.30 37.86 0.040

Current smoking (%) 57.7 63.6 0.446

Coronary arterial occlusive disease (%) 11.5 31.8 0.078

Cerebral infarction (%) 15.4 31.8 0.422

Hyperlipidemia (%) 4.8 31.03 0.009

Chronic obstructive pulmonary disease (%) 0 9 0.162

Absent of distal run-off (%) 18.5 28.6 0.216

Presence of dorsal arch (%) 85.1 42.3 0.004

Ballon angioplasty only (%) 40.7 52.3 0.433

TransAtlantic Inter-Society Consensus II (%)

A 16.4 13.6 0.797

B 53.8 59.1 0.935

C 19.2 13.6 0.641

D 11.5 13.6 0.903

Amputation (%) 0 31.8 0.005

Primary patency (%) 84.7 27.3 0.002

Secondary patency (%) 95.1 63.6 0.010

No. of stent 0.61 0.68 0.858

Length of stent (mm) 69.61 99.15 0.779

Table 3. Result of Cox-proportional hazard analysis of recurrence 
of symptom

Variable Relative risk p-value

Age 0.972 0.530

Male gender 0.978 0.972

Diabetes 0.860 0.811

Hypertension 1.659 0.494

smoking 1.004 0.812

Current smoking 0.579 0.513

Coronary arterial occlusive disease 1.884 0.382

Hyperlipidemia 5.810 0.031

Chronic obstructive pulmonary disease 0.088 0.104

Cerebral infarction 0.730 0.639

Presence of dorsal arch 0.675 0.047

Absence of distal run-off vessels 0.787 0.288

Ballon angioplasty only 1.212 0.661

Length of stent 0.925 0.625

symptoms in patients with hyperlipidemia was 5.8 times high-

er than that in patients without hyperlipidemia according to 

the Cox regression models (p=0.031) (Table 3, Fig. 1A). 

There were also statistically significant differences in the re-

currence of symptoms and the symptom-free duration even 

though there were more TASC C and D lesions in patients 

without hyperlipidemia (Table 4).

Another factor that had an effect on the symptom-free du-

ration was the presence of a dorsal arch prior to the endovas-

cular procedure. The presence of a dorsal arch was confirmed 

by direct angiography before the procedure. A dorsal arch 

was observed in 37 limbs (62%). At 12 months, 68% of pa-

tients with a dorsal arch were symptom-free compared to 

58% of patients without a dorsal arch. In addition, at 24 

months, 55% of patients with a dorsal arch were symp-

tom-free compared to 14% of patients without a dorsal arch. 

The absence of a dorsal arch at the procedure was a sig-

nificant risk factor for the recurrence of symptoms (relative 

risk=0.675, p=0.047) (Fig. 1B). In contrast, smoking pack- 

years or smoking at the time of the procedure did not have a 

statistically significant effect according to the Cox propor-

tional hazards regression models.

Stent insertions were more likely not to result in the re-

currence of symptoms than the use of balloon angioplasty 
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Table 4. Comparison of hyperlipidemia and without hyperlipidemia group

Variable Hyperlipidemia(−) (n=38) Hyperlipidemia(＋) (n=10) p-value

Symptom recurrence 12 9 0.029

Mean symptom free duration (day) 716.70 389.27 0.001

Length of stent (mm) 70.52 95.01 0.416

Amputation 0 7 0.318

Re-intervention 0 8 0.177

TransAtlantic Inter-Society Consensus

A 7 0

B 18 9

C 8 0

D 5 1

Fig. 1. Symptom-free rates related to (A) hyperlipidemia (p=0.031), and (B) the presence of a dorsal arch (p=0.047). All factors were ana-
lyzed by survival analysis.

Table 5. Comparison of TASC A, B group and TASC C, D group

Variable
TASC 

A, B group

TASC 

C, D group
p-value

No. of limbs 34 14

Recurrence of symptoms 16 (47) 6 (43%) 0.796

Re-intervention 6 (18) 2 (14%) 0.572

Amputation 4 (12) 3 (21%) 0.400

Amputation-free rate (%) 88 79 0.046

No. of stent 0.556 0.857 0.162

Length of stent (mm) 58.24 117.86 0.023

Symptom-free rate 

after 600 days (%)

78 60 0.411

Values are presented as number (%) unless otherwise specified.

Table 6. Results of logistic regressions about ‘length of stent’

Result Relative risk p-value

Symptom recur rate 1.001 0.004

Amputation rate 1.005 0.05

Primary patency 0.998 0.04

Secondary patency 0.989 0.05

alone. Well-preserved distal runoff vessels were also correlated 

with a lower likelihood of symptom recurrence. However, 

these results were not statistically significant (Tables 2, 3).

The TASC A and B group is compared with the TASC C 

and D group in Table 5. In the TASC A and B group, 88% 

of limbs were not amputated, which is significantly higher 

than the corresponding value of 79% in the TASC C and D 

groups (p=0.046). The symptom-free duration of the TASC A 

and B group was longer (p=0.036), and the TASC C and D 

group required significantly longer stent insertions (p=0.023). 

Longer stent insertions were associated with symptom re-
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currence and decreased primary patency (Table 6).

DISCUSSION

Depending on the site of the lesion, PTA has a low mor-

bidity rate and good long-term patency rate. It has been es-

tablished as the primary treatment for aorta and iliac arterial 

lesions [4]. Compared to bypass surgery for the treatment of 

infra-inguinal arterial occlusions, PTA has a lower associated 

morbidity but lower primary patency [4,5]. Recently, due to 

progress in the equipment used in PTA, the primary patency 

of endovascular angioplasties for superficial femoral arterial 

lesions has been improved [6,7].

At our center, we were not able to carry out follow-up ex-

ams on every patient on a regular basis after PTA; follow-up 

exams were performed when a patient complained of symp-

tom recurrence during his/her follow-up visits. Most of these 

patients showed stenosis or occlusions due to the involvement 

of related vessel walls, but some symptomatic patients did 

not have any problems in their vessels. On the other hand, 

some patients did not report any recurrence of symptoms al-

though their long-term follow-up computed tomography scans 

consistently showed occlusions in the treated vessels. Based 

on these findings, we concluded that it would be more appro-

priate to study the factors affecting symptom recurrence after 

the operation rather than focusing solely on patency.

This study tracks endovascular angioplasties limited to the 

superficial femoral artery performed over four years. 

Twenty-one limbs (44%) had recurring symptoms within the 

follow-up period. Re-intervention was performed in eight 

limbs (17%). Administrating additional medication improved 

the symptoms in the other 13 limbs.

The risk factors associated with peripheral arterial disease 

presented in the TASC II guidelines are male gender, older 

age, diabetes, smoking, hypertension, dyslipidemia, hyper-

homocysteinemia, increased C-reactive protein, and renal in-

sufficiency [3]. Of these factors, this study identified hyper-

lipidemia as the factor influencing symptom recurrence to a 

statistically significant extent. In light of the fact that lip-

id-lowering agents were used in all patients after endovas-

cular treatment, it is more precise to say that initial hyper-

lipidemia was strongly associated with symptom recurrence.

In addition, the symptom-free rate was higher in cases 

where angiography before the endovascular procedure showed 

the presence of a dorsal arch. Even if a dorsal arch is pres-

ent, it may not be visualized in computed tomography an-

giography because of the slow flow of contrast material. 

Thus, the presence of a dorsal arch must be confirmed before 

an endovascular procedure is performed.

Several studies have shown that the number of runoff ves-

sels improves outcomes in patients with infra-inguinal arterial 

occlusive disease undergoing endovascular angioplasty [2,8,9]. 

In contrast, another study has reported that the number of ti-

bial vessels did not significantly influence the outcomes of 289 

limbs in 236 patients with primary endovascular stenting of 

the femoral and popliteal arteries, as determined at seven years 

after surgery [10]. In this study, the number of distal runoff 

vessels likewise did not have a statistically significant effect.

Primary patency was established in 85% of patients whose 

symptoms did not recur, and secondary patency was estab-

lished in 95% of such patients, as shown in Table 2. Thus, 

there were some cases of patients with non-patent revascular-

ized vessels who nonetheless did not show any symptoms. In 

contrast, there were some cases of patients with patent re-

vascularized vessels who did show symptoms. Such cases are 

associated with the development of collateral vessels and 

have been described in many papers [11-14].

Collateral vessels develop from pre-existing arterioles, 

which enlarge in response to shear stress forces precipitated 

by inflow arterial occlusions [13]. Collateral vessels provide a 

natural bypass system, protect against critical limb ischemia, 

and may reduce leg symptoms in peripheral artery occlusive 

disease [12]. Following arterial occlusion, collateral vessels 

first increase rapidly in number and later grow larger in di-

ameter, as has been observed in animal models [14]. As de-

scribed by McDermott et al. [11], the presence of more nu-

merous collateral vessels is associated with better functional 

performance in patients with peripheral arterial disease, al-

though there was no significant association between collateral 

size and functional performance. However, these collateral ves-

sels typically do not fully restore lower extremity perfusion, 

and furthermore, the ability of collateral vessels to compensate 

for occlusions is impaired by risk factors of disease [12]. 

However, standardized systems do not yet exist to evaluate 
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collateral vessels. Additional research into factors influencing 

the development of collateral systems is required to control 

ischemic symptoms regardless of the patency of the stent.

Another factor associated with recurring ischemic symp-

toms is the patients’ activity level. A decreased activity level 

corresponding to the aging process results in decreased oxy-

gen demands in the lower limbs, thus reducing the symptoms 

of ischemia. However, maximal collateral vessel enlargement 

occurs during exercise [15]. Therefore, it is important to bal-

ance these factors through proper exercise.

In conclusion, several studies have reported factors affect-

ing primary patency after PTA, but the results of these stud-

ies are still ambiguous. This study demonstrated that hyper-

lipidemia and the presence of a dorsal arch affect the re-

currence of symptoms after PTA.
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