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Introduction: Critical leg ischemia represents the final stage of atherosclerotic peripheral arterial disease (PAD). Patients 
affected by critical leg ischemia are the most complex subset of PAD and typically have chronic pathological consequences 
of hypertension, hyperlipidemia, diabetes and renal failure.
Methods: In this study, we evaluated the early and sixth-month outcomes of percutaneous transluminal angioplasty (PTA) in 
patients with stenosis or occlusion at the infrapopliteal level. Only one leg was treated in one session. None of the patients 
received infrapopliteal stents, and only balloon angioplasty was performed.
Results: In our study, 41 vessels with a total of 48 lesions in 31 patients were treated. The primary patency rate of the vascular 
segments treated at follow-up was 72.9%.
Discussion and Conclusion: In PTA, failure in the procedure and loss of patency are the main therapeutic challenges to be 
solved. Large-scale, multicenter, prospective studies that systematically evaluate existing infrapopliteal treatment methods 
are needed to develop contemporary, proven treatment standards.
Keywords: Intermittent claudication; percutaneous transluminal angioplasty; peripheral artery disease.

Peripheral artery disease (PAH) and critical leg ischemia 
often cause a clinical picture due to the involvement 

of the areas perfused by lower extremity artery areas, and 
patients may have an intermittent limping (intermittent 
claudication) described in the calf region. The complaint 
of intermittent limping is related to the patients feeling is 
chemic pain due to arterial circulation within certain wal-
king distance, which cannot respond to the metabolic ne-
eds of the muscles. The pain is relieved with rest, and the 
same pain recurs again at the same distance after starting 

walking again[1]. Intermittent claudication is one of the mil-
dest manifestations of PAH, and its prevalence is approxi-
mately 5% in men over 50 years of age[2]. 

The aging of the population in western societies suggest 
that the prevalence of this situation will increase in the 
coming years. Revascularization of the occluded vessel is 
required to improve symptoms, and various treatment stra-
tegies have been proposed, such as exercise, surgical in-
terventions, percutaneous transluminal angioplasty (PTA) 
and stent implantation. Since surgical treatments increase 
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morbidity and length of hospital stay, endovascular treat-
ment methods are more frequently preferred today. Infra-
popliteal interventions were firstly described 30 years ago 
by Dotter and Judkins; Grüntzig and Hopff [3, 4]. Since then, 
percutaneous interventions have been widely used for the 
treatment of PAH.

PTA and stent implantation has been shown to be effecti-
ve in the treatment of iliac and femoropopliteal occlusions, 
even in complicated and chronic lesions[4]. With the use of 
low- profile catheters and hydrophilic directable guide wi-
res, PTA is applied more and more frequently, even under 
the knee, with higher success rates. Good results have been 
obtained, especially in patients with surgical comorbidity 
and in cases with critical ischemia in the lower extremit-
y(ies)[6–9]. However, in studies conducted in the infrapopli-
teal region, significant heterogeneity was observed in most 
of the results[10]. In some studies[11, 12], while 1-year paten-
cy was around 30-40%, in some studies[13, 14], this rate was 
found as 70-80% in some others.

In this study, the efficacy of PTA, which is an endovascular 
approach in the treatment of patients with intermittent cla-
udication, was evaluated in infrapopliteal arteries.

Materials and Methods 

Patients

Our study was approved by the ethics committee and in-
formed consent was obtained from the patients. The files, 
epicrises, and ankle-brachial index (ABI) measurements 
of 31 patients who underwent PTA for the complaints of 
claudication in the interventional radiology unit of our 
hospital were evaluated retrospectively from the archives 
of our hospital, and conventional angiography images of 
these patients obtained before and after the intervention 
retrieved from the PACS system were evaluated. Thirty-one 
patients with Fontaine grade IIb CI complaints were inclu-
ded in this study.

Only one leg of the patients was treated in one session. In-
frapopliteal stenting was not performed in any patient and 
only balloon angioplasty was inserted. Conventional angi-
ography was performed on these patients before and after 
the intervention, and ABIs were calculated before and after 
the procedure. According to the Rutherford classification, 
23 patients (74.1%) had moderate CI (Rutherford category 
2) and eight patients (25.8%) had severe CI (Rutherford ca-
tegory 3). Rutherford classification is divided into seven ca-
tegories, from 0 to 6. While determining the category of the 
patient, clinical data and some objective tests were used.

In category 0, the patient is asymptomatic. In categories 
1, 2 and 3, mild, moderate, severe leg pains are felt, respe-
ctively; in category 4, pain during rest is felt. In category 
5, small tissue loss, and diffuse foot ischemia are detected. 
In category 6, major tissue loss is detected, and functions 
of the leg are not recoverable[15]. As a result, unilateral in-
terventions were performed in 27 (87%) and bilateral in-
terventions in four patients (12.9%). A total of 48 lesions 
were treated in 31 patients involving peroneal arteries (PA) 
(n=10), anterior tibial arteries (ATA) (n=19) and posterior ti-
bial arteries (ATP) (n=12) (Fig. 1).

Procedure Applied and Evaluation of the Lesion

In most of the patients, dual antiplatelet (100 mg aspirin 
and 75 mg clopidogrel) therapy is currently used before 
the procedure, and patients who did not receive this treat-
ment, premedication with dual antiplatelet was practiced 
one week before the procedure. During the procedure, a 
bolus dose of 5,000 IU heparin was administered. Six pa-
tients with kidney failure received 2500IU heparin. In pa-
tients with bilateral disease, interventions were carried out 
separately within a few days. In six patients (19.3%), the 
procedure was performed by inserting a long sheath into 
the contralateral leg and advancing it into the leg to be tre-
ated. Contralateral access was preferred in two of these six 
patients, because of the presence of a lesion in the proxi-
mal SFA and high-lying bifurcation in four of them.

In 25 (80.6%) patients, the procedure was carried out th-
rough direct antegrade access. For stenotic lesions, a 0.018 
Teflon coated guide wire (Connect, Abbott Vascular) with a 
steerable soft and atraumatic tip was used. In completely 

Figure 1. Vascular segments treated, number of lesions, and distri-
bution of lesion types. O: occlusions; S: stenosis; ATA: anterior tibial 
artery; ATP: posterior tibial artery; PA: peroneal artery.
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clogged arteries, a guide wire with a hydrophilic tip (V-18 
Control Wire 0.018, 300 cm; Boston Scientific, Maple Gro-
ve, MN) was preferred. The first passage through the lesion 
under fluoroscopy was realized either with a multi-purpose 
diagnostic catheter (4 Fr, 125 cm; Cordis, Miami Lakes, FL) 
or a hydrophilic support catheter (Navicross, 4 Fr, 100 cm, 
straight or angulated; Terumo, Miami, FL). After negotiating 
the guide wire beyond the lesion, contrast substance was 
delivered through the lumen of the multi-purpose cathe-
ter, and images were obtained to confirm that the catheter 
is not inserted into the subintimal layer or slipped into ext-
ravascular space.

After confirming that the catheter was inside the vein, all 
lesions were dilated for two minutes at 6-10 atm pressures 
using a low- profile balloon catheter (Pacific Plus PTA Cat-
heter OTW 0.018) with a diameter of 2–3 mm. Procedural 
success was defined based on the image taken immedia-
tely after angioplasty that demonstrated a sufficient an-
tegrade flow and less than 30% (visually) luminal stenosis. 
After the procedure, the vascular sheath was removed and 
manual compression was performed at the entry site. The 
patients were then discharged with a prescription of dual 
antiplatelet medication.

The patients were called for control at the 6th month after 
the intervention. At follow-up, less than 50% of the luminal 
stenosis was evaluated as patency. Control examinations 
were performed with clinical evaluation, Doppler USG and 
ABI measurements. Five patients applied to us with clinical 
complaints before the 6th–month control visit. The patients 
who had a vascular segment narrower than 50% in Dopp-
ler USG and/or in whom a postprocedural decrease in ABI 
measurements was detected were reoperated. Reinterven-
tions were not included in the statistical analysis and study. 

Results
Forty-one vessels with a total of 48 lesions in 31 patients 
were treated (Fig. 1). Thirty-four vascular occlusions (70.8%) 
and 14 stenotic segments (29.1%) were detected. Technical 
success was achieved by negotiating the lesion by the guide 
wire in all stenotic segments and recanalization was perfor-
med (Fig. 2). In seven (20.5%) of 34 cases of occlusions, occ-
lusive lesions could not be negotiated by guide wire. The ge-
neral characteristics of the patients and lesions are indicated 
in the table. Technical success was achieved in 41 (85.4%) of 
the 48 lesions in 31 patients included in this study, while se-
ven occlusive lesions (14.6%) could not be negotiated with 
a guide wire.

In the same session, additional treatment was required in 

two patients during interventions performed for the super-
ficial femoral and/or popliteal artery above the knee. There 
were no major side effects associated with the procedure, 
i.e., death, amputation, or emergency surgery. Small hema-
toma formed at the puncture site in two (6.4%). patients. ABI 
measurements were performed in the patients after the pro-
cedure. In Wilcoxon analysis, the mean ABI values at rest inc-
reased significantly from 0.70±0.14 to 0.77±0.13 (p<0.001). 
Considering the Rutherford categories of patients before 
and after the procedure, improvement of two Rutherford 
categories was achieved in two patients (6.4%), while one 
Rutherford category improvement was obtained in 18 (58%) 
patients. However, Rutherford category remained unchan-
ged in 11 (35.4%) patients. In other words, in this group of 
patients, an increase in intermittent limping distance and a 
decrease in pain were considered as clinical improvement. 

Thirty-five limbs of 31 patients were reevaluated six mont-
hs later. Eighteen of 31 patients were asymptomatic. At fol-
low-up, patency was evaluated as less than 50% luminal ste-
nosis. At follow-up visits, primary patency rate of 72.9% was 
detected in the vascular segments treated. In 13 vessels, any 
vascular patency was not observed. 

Five patients who presented with their first complaints be-
fore six-month-control visits and had more than 50% reste-
nosis in the vessel that had been intervened as detected on 
Doppler US were reevaluated.

In these reevaluated patients, restenosis was observed with 
Doppler USG in five vessels, which were treated with proce-
dural success. However, these additional procedures were 
not included in this study and analysis. When these five pa-

Figure 2. Selective image obtained from anterior tibial artery, com-
pletely occluded distal segment of ATA, DPA and anterior pedal arch 
are seen. However lateral pedal arch is perfused fully through collat-
erals (a). Patency of PTA was achieved through antegrade approach 
in a patient whose distal segment of ATP was also occluded. Con-
trol image (b) obtained following retrograde angioplasty of the arch 
through ATA (b) reveals complete recanalization of ATA, ATP, ADP, and 
pedal arch (c). Dissection (white arrow) distal to ATA which allowed 
blood flow was not intervened.

a b c
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tients came for control in the 6th postprocedural month, vas-
cular patency was not observed in the evaluation and these 
lesions were included in the group without patency. These 
five patients, whose vascular patency could not be achieve-
d,had a history of uncontrolled diabetes and hypertension.

Discussion
Critical leg ischemia represents the final stage of atherosc-
lerotic PAD. Patients affected by critical leg ischemia are 
the most complex subset of PAD and typically carry chro-
nic pathological consequences of hypertension, hyperlipi-
demia, diabetes, and kidney failure. They are characterized 
anatomically at the infrapopliteal level with widespread 
multi-segmental and multivessel involvement.

Any clear-cut consensus was not accepted by everyone for 
percutaneous revascularization to be performed in the-
se patients with complex lesions[16]. Currently, PTA is the 
most accepted treatment and is frequently used for lesions 
at the infrapopliteal level[17]. Although there are not much 
data in the literature about PTA outcomes, we know from 
various studies that infrapopliteal PTA is safe and can be 
performed with high technical success[18, 19]. Krakenberg 
et al.[20] performed PTA for infrapopliteal occlusions in 78 
patients with claudication and found the primary technical 
success rate to be almost 90%, and the complication rate 
as 5.8%. In their study, Kok et al.[21] found their overall tech-
nical success rate as 75%, lower extremity recovery rates as 
77% in one year and 65% in three years.

In our opinion, the reason why these rates are relatively 
lower than those reported by Krakenberg et al. may be be-
cause many lesions in the study included prevalently seen 
calcific, multiple long- segment occlusions. During angi-
oplasty performed for knee vessels, complications, such 
as flow-inhibiting dissection and distal embolism related 
to plaque rupture, may be encountered. In our study, our 
technical success rate was 85.4%, and our complication 
rate was 9.6 percent. These complications were limited to 
small hematomas developed at the puncture site in two 
patients. In one patient, dissection developed after angiop-
lasty performed distal of ATA was observed. However, any 
intervention was not performed because it did not occlude 
blood flow. ABI, which is the ratio between systolic pres-
sures of ankle and arm, is a fast and easy method and has 
been used in practice for many years to confirm the diag-
nosis and seriousness of PAD in the legs[22]. However, ABI 
is also an indicator of diffuse atherosclerosis because low 
levels of ABI have been associated with higher rates of ac-
companying coronary and cerebrovascular disease and the 

presence of cardiovascular risk factors. One of the parame-
ters we evaluated in our study was ABI. The mean ABI me-
asurement increased from 0.70±0.14 before the procedure 
to 0.77±0.13 after the procedure. 

We also examined Rutherford categories of patients befo-
re and after the procedure. Improvement of 2 Rutherford 
categories was detected in 6.4% of the patients, while 58% 
of the patients demonstrated one Rutherford category im-
provement. However, Rutherford categories remained un-
changed in 35.4% of the patients.

Given that many factors act in combination and affect the 
treatment outcomes, physicians experience great difficul-
ties in evaluating the data of the patients undergoing PTA. 
Mustapha et al. published a meta-analysis where they inves-
tigated current studies published between 2005 and 2015 
on the treatment of infrapopliteal lesions and included in 
the MEDLINE and EMBASE databases. The ' random-effects 
meta-analysis model' was used to analyze procedural (te-
chnical success, flow-limiting dissection, temporary stent 
placement) and long-term (primary patency, revasculariza-
tion, major amputation, all-cause death) outcomes. In ad-
dition, 52 studies involving 6769 patients with 9399 lesions 
below the knee were included in the analysis. The technical 
success rate was found to be 91.1 percent.

Results in the first year were as follows: primary paten-
cy (63.1%), re-intervention (18.2%), major amputation 
(14.9%), and all-cause mortality (15.1%). Significant hete-
rogeneity and bias were observed for most PTA results. In 
our study, during the 6th follow-up visit, 18 of 31 patients 
did not show symptoms, while our primary patency rate 
was 72.9 percent. Choosing Rutherford category 2 and 3 as 
the study inclusion criterion for our patients and excluding 
categories 4, 5, 6 may partially explain one our technical 
success. 

Indeed, severely deteriorated vascular structure in patients 
with high Rutherford category could decrease our techni-
cal success rate of recanalization. Another possible reason 
for our high technical success may be explained by our 
preference for a low- profile (0.018 inches) and hydrophilic 
guide wire. However, in a patient with an occluded middle 
segment of infrapopliteal artery, unlike other patients, we 
could not pass beyond the occlusion during PTA using a 
0.018 guide wire, but we could achieve patency using a 
0.35-inch hydrophilic guide wire. In another patient, ste-
nosis that could not be negotiated despite all our efforts 
was relieved by proceeding subintimally with a 0.018 guide 
wire and then falling into the real lumen.

One study[20] has shown that PTA performed for below- 
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the- knee occlusions is a better alternative than a conser-
vative or surgical approach. The results of exercise therapy 
are not sufficient because exercise is suitable for only a 
third of these patients. Vascular surgery is performed only 
in patients with critical leg ischemia[23, 24]. In summary, the 
majority of patients suffering from intermittent claudicati-
on, which reduces the quality of life, benefit from endovas-
cular therapy when no other therapeutic option is effecti-
ve. Endovascular treatment has the advantage of repeated 
intervention even in the same vascular segment.

One of the main limitations of our study was the low num-
ber of patients. In addition, given that our follow-up period 
was limited to six months and lack of repeated long-term 
follow-ups are other limitations of our study. Current stu-
dies of PTA usedfor occluded infrapopliteal arteries ge-
nerally reveal suboptimal, short-term, and 1-year clinical 
outcomes. However, the heterogeneity of patient popula-
tions hinders interpretation and generalization of existing 
findings. Procedural failures and inability to achieve pa-
tency are the main therapeutic challenges that need to be 
resolved. Large-scale, multicentre, prospective studies that 
systematically evaluate current infrapopliteal treatment 
methods are needed to develop contemporary and proven 
treatment standards.
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