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Abstract Purpose The aim of this study was to evaluate 6 monthly safety and primary patency
rates of drug-eluting balloons (DEB) angioplasty in below-the-knee (BTK) arteries in
critical limb ischemia (CLI) patients.
Methods A prospective observational study was conducted over 2 years in a tertiary
care center. A total of 25 patients with CLI were enrolled in this study. Inclusion criteria
were patients presenting with CLI (Rutherford class 4 or greater), equal to or more than
50% luminal stenosis or occlusion of at least one tibial artery, and agreement to 6-
month evaluation. Exclusion criteria were life expectancy less than 1 year, allergy to
paclitaxel, and contraindication to antiplatelet treatment.
Follow-up was performed by clinical and Doppler assessment. The primary endpoint
was a 6-month primary patency rate, and secondary endpoints were changes in the
Rutherford class and incidence of major amputation. Restenosis rate is defined as a
reduction in the luminal diameter by 50% or greater by duplex ultrasound.
Results Six-month primary patency was achieved in 19 (76%) patients. Both Ruth-
erford category improvement and reduction in the percentage of stenosis after
angioplasty were statistically significant (p-value <0.0001). At 6 months, better
patency rates were seen among diabetics (88.8%) than smokers (69.2%). Limb salvage
was observed in 24 (96%) patients with one major amputation (above the ankle).
Conclusion DEBs have shown safe and promising clinical outcomes with successful
performance in infrapopliteal arteries in the short-term follow-up. DEB had a substan-
tial 6-month primary patency rate. DEB angioplasty is a safe and effective treatment
option for CLI patients with BTK vascular disease.
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Introduction

Peripheral arterial disease (PAD) is a broad term that encap-
sulates a progressive disease occurring as a result of athero-
sclerotic plaque accumulation in the peripheral arterial
system. Greater life expectancy and changed living habits
have led to a progressively rising prevalence of atherosclerotic
disease, making PAD an increasing burden on the healthcare
system.TheestimatedprevalenceofPAD is close to200million
globally.1 In India, the overall prevalence of PAD is 8.3%.2

Krishnan et al reported age-adjusted prevalence of PAD was
26.7% in south India with no significant difference between
rural and urban populations.3

Infrapopliteal (IP) atherosclerotic arterial disease, either
alone or combined with femoropopliteal vascular disease, is
the major cause of severe, function limiting, intermittent
claudication, and rest pain.4 The incidence of IP disease is
strongly correlated with the prevalence of diabetes mellitus
and smoking. In its most advanced stages, patients present
with ischemic rest pain or tissue loss known as critical limb
ischemia (CLI). CLI is considered to be responsible for approxi-
mately 90% of the major amputations performed worldwide
and is a significant cause of morbidity and mortality.5,6

Mortality rates as high as 20%within 6months from diagnosis
andexceeding50%at5yearshavebeenreported inCLIpatients
due to generalized increased cardiovascular risk.7

Percutaneous balloon angioplasty (PBA) became the
mainstayof the endovascular treatment strategy for IP artery
disease. Compared with bypass surgery, the endovascular
treatment appears to have lower periprocedure morbidity
and mortality. However, restenosis caused by intimal hyper-
plasia remains the main limitation for PTA. The 1-year
primary patency rate of PTA has been reported that was
less than 50%.4,8 Drug-eluting balloon (DEB) and drug-elut-
ing stent (DES) seem to be promising solutions for restenosis
by inhibiting intima hyperplasia.

DEBs available today utilize paclitaxel in combination
with different excipients.9 Paclitaxel is used as an antipro-
liferative agent for the prevention of restenosis. The purpose
of this study is to determine patency rate and restenosis rate
and discuss the safety and clinical efficacy of DEB angioplasty
in the treatment of below-the-knee arterial lesions and the
variables which affect their patency rate.

Materials and Methods

A single-center prospective observational study was con-
ducted over 2 years in the interventional radiology depart-
ment in a tertiary care hospital. Permission from the ethics
committee and institutional review board was obtained. All
patients presenting with CLI who were planned to undergo
angioplasty of at least one BTK vessel, either alone or in
conjunction with a more proximal endovascular recanaliza-
tion procedure, were assessed for enrollment in this study.
Most of the patients were diabetic and smokers. Written
informed consent with all preinformed risks of the procedure
was obtained from all the patients before the procedure.
Inclusion criteria were patients presenting with CLI (Ruther-

ford category 4 or greater), equal to or more than 50% luminal
stenosis or occlusion of at least one tibial artery, and agree-
ment to 6-month evaluation. Exclusion criteria were life
expectancy less than 1 year, allergy to paclitaxel, and contra-
indication to combined antiplatelet treatment and pregnancy.

Pretreatment ultrasonography (USG)Doppler studyprovid-
ed the necessary information related to the site of lesion,
percentage of stenosis, plaque characteristics, peak systolic
velocity (PSV) at the lesion site, and spectral waveform in the
affected vessel (►Fig. 1A). Under all aseptic precautions, ipsi-
lateral antegrade common femoral artery access is takenunder
USG guidance. Pedal puncture and pedal access were taken in
the two cases. Most of the patients received antiplatelet
therapy before the procedure for 1 to 2 weeks and a bolus
dose at least 1hour before the procedure. After sheath inser-
tion, 5000 IU (70 IU/kg) heparinwas administered through the
intravenous route. Lower limbangiographyof the affected limb
was performed with inj. iohexol 350mg/mL contrast, using
headhunter/cobra catheter and guidewire through angio
sheath.After identifying the lesion, the IP lesionwasnegotiated
with the special peripheral 0.014”/ 0.018” guidewire with a
support catheter, combined with variable tip loads; the wire
wasparkeddistal to thelesion.Thestenotic lesionsweredilated
withaplainballoonfirst thenanappropriate-sizedDEBballoon
was inflated at the lesion site in the occluded segment of the
artery. The appropriate dimensions of balloons were selected
to ensure a minimum coverage of not more than 5mm both
proximal and distal to the lesion and a proper ratio of the
balloon toavessel diameterof1:1. Inflation timewasat least90
to 180seconds. A check angiogram was performed after the
angioplasty (►Fig. 1B).

Postangioplasty dual antiplatelet (aspirin 75mg and
clopidogrel 75mg) daily therapy was continued for at least
6 months. A duplex USG scan was done just after the
procedure. Patients were asked for follow-up at 1 and
6 months, and more frequently when needed. Follow-up
included clinical assessment (Rutherford category), the inci-
dence of any amputation or other complications, medication
compliance, and duplex USG examination to estimate reste-
nosis and to determine patency rate (►Figs. 1C and 2D).

The primary endpoint was a 6-month primary patency
rate, and secondary endpoints were changes in the
Rutherford class and major amputations. Clinical success
was defined as improvement in the Rutherford category,
healing of the ulcer, or minor amputation. Limb salvage was
achieved when the plantar stand (to maintain an upright
position on the feet) wasmaintained, even if tarsometatarsal
amputation had to be done. Any above-the-ankle amputa-
tion (major amputation) was considered a failure of the
angioplasty. Restenosis rate is defined as a reduction in the
luminal diameter by 50% or greater by duplex USG.

Baseline and procedural characteristics were described
using mean and standard deviation (►Table 1). Statistical
significance was defined as a p-value less than 0.05. We have
used the “parametric- paired t-test,”which is themethodused
to test the significance of changes in the mean difference
between pairs of measurements (pre- and postangioplasty)
in the same group.When the datawas not distributed equally,
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Fig. 1A PretreatmentDoppler in the longitudinal section at themiddle part of the right leg reveals complete thromboticocclusionof the right posterior tibial
artery (PTA) (white arrow) with no flow detected in the vessel. Fig. 1B Digital subtraction angiography of below the knee arteries demonstrates: a. Faint
opacification of tibioperoneal trunk (white arrow) and nonvisualization of PTA and peroneal artery. Anterior tibial artery (ATA; black arrow) shows optimal
opacification. b. Balloon angioplasty of proximal PTA (blue arrow). c. Balloon angioplasty of distal PTA (blue arrow). d. Postplasty check angiogram revealed
irregular short tight strictures of the tibioperoneal trunk (white arrow), optimal opacification PTA (blue arrow), and peroneal artery. Balloon mounted bare-
metal stentwasdeployed in thetibioperoneal trunk totackle theshort segment strictures.e. Post-drug-elutingballoonandpoststentangiogramshowinggood
opacificationof tibioperoneal trunk,PTA (bluearrow), andperoneal artery.Fig. 1C Follow-upDoppler at 6months,gray scale (a) andcolorDoppler images (b)
in longitudinal section reveal restorationof bloodflow in right distal PTA (whitearrow)withpeak systolic velocityof 22cm/sand residual stenosis less than50%.
Fig. 1D Pre- (a) and (b) postangioplasty clinical pictures of the right foot of the patient: a)Ulcerationwithgangrenous changes and edema seenon the lateral
aspect of the right foot and fifth toe (whitearrow). b) The lateral part of the right foot with the gangrenous rightfifth toewas amputated; the ulcer healedwell
with resolution of the edema and discoloration of the rest of the foot with clinical improvement in Rutherford class (white arrow).
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Fig. 2A : a) Pre-procedure digital subtraction angiography (DSA) of below the knee arteries of the left leg demonstrates narrow caliber proximal ATAwith
multiple areas of short segment critical stenosis (yellow arrow) involving the proximal andmid-ATA. Below knee popliteal artery appears narrow & irregular
with filling defects suggestive of stenotic plaques (green arrow). Nonopacification of the entire PTA, and peroneal artery. Fig. 2B 1. Balloon angioplasty of
below-knee popliteal artery (white arrow).2.Balloon angioplasty of anterior tibial artery (ATA; black arrow). Fig. 2C (1,2,3) PostprocedureDSA angiogram
reveals successful dilatation of popliteal artery, proximal and distal ATA (black arrow) and shows improved contrast flowacross ATA and dorsalis pedis artery
(yellowarrow).Fig. 2D Follow-upDopplerat6months,gray scale (a), andcolorDoppler images (b) in longitudinal section reveal restorationofbloodflow in
left distal ATA (white arrow) with peak systolic velocity of 26 cm/sec and biphasic waveform.
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we performed a “nonparametric test—Wilcoxon Signed-Rank”
test to analyze the data (►Table 2).

Results

In this study, a total of 25 patients in the age group 38 to
78 years who presented with CLI were included. The most
common age group was 51 to 60 years. Most of the patients
were male (88%). The mean age of presentation was 53.23
years for males and 57.05 years for females. Twelve patients
were diabetic (48%), and 16 patients were smokers (64%).
Eleven (44%) patients presented with ischemic rest pain
(grade IV), and 14 (56%) patients presented with gangrene
and minor tissue loss (grade V).

More than one vessel was involved in most of the cases
(►Table 3). The most commonly treated vessel was the

anterior tibial artery. The mean pretreatment PSV values
were 52.2�3.35 cm/s in the stenotic vessels; they reduced to
29.4�2.1 cm/s immediately after the treatment and 27�7.6
cm/s at 6 months follow-up. Pretreatment percentages of
stenosis and Rutherford category were 94.4�5.5,
0.41�0.09, and 4.56�0.51, respectively.

Technical success was defined as uncomplicated revascu-
larization and residual stenosis equal to or less than 30% in
the treatment of inflow lesions and it was achieved in all
cases without procedure-related death within 1 month. Two
(8%) patients had small puncture site hematoma formation
just after the procedure that resolved automatically after
proper compression bandage. No other immediate proce-
dure-related complication was found just within 2 to 3 days
of the surgery and during the first month of follow-up
(►Table 4). Primary patency was achieved in 19 vessels
(76%) at 6 months. Better patency rates were seen among
the diabetic patients (88.8%) than the smokers (69.2%).

A higher patency rate of 90.9% was found in the patients
presenting with rest pain than the patency rate of 64.3% seen
in the patients presenting with minor ulcer/gangrene at
6 months of follow-up. There is a significant posttreatment
reduction in the mean percentage of stenosis (57�22.59,
p<0.0001, highly significant [HS]), and themean Rutherford
category (3.6�0.81, p<0.0001, HS) after DEB angioplasty at
6 months.

Table 1 Relevant pretreatment clinical and angiographic
characteristics of the patients

Comorbidity No. of patients Percentage

Number of patients 25 Male—22 (88%)
Female—03 (12%)

Age range (years) 38-78

Diabetes 12 48

Smoking 16 64

Heart disease 3 12

Hypertension 10 40

Dyslipidemia 3 12

Obesity 2 8

Category IV
(rest pain)

11 44

Category V
(focal gangrene)

14 56

Completely
occluded vessel

06

Lesion length
(Meanþ SD)

13.8�2.9 cm

Patency rate
(Stenosis<50)

19 76

Abbreviation: SD, standard deviation.

Table 2 Relevant pre- and postintervention clinical and
imaging data correlation

Pretreatment
Mean� SD

Posttreatment
Mean� SD

p-Value

Mean % of
stenosis

94.4�5.5 57�22.59 <0.0001,
HS

Rutherford
category

4.56�0.51 3.6�0.81 <0.0001,
HS

PSV
(stenotic
vessels)

52.2�3.35 27�7.6 0.0008

Abbreviations: HS, highly significant; PSV, peak systolic velocity; SD,
standard deviation.

Table 3 Distribution of the disease in below the knee arteries

Site of lesion No. of patients

ATA 22

PTA 16

Peroneal artery 05

Tibioperoneal trunk 2

Infrainguinal popliteal artery 2

One vessel involved 9 ATA

Two vessels involved 14 ATAþ PTA- 11

PTAþ PERONEAL-03

Three vessels involved 2 ATAþ PTAþ Peroneal

Abbreviations: ATA, anterior tibial artery; PTA, posterior tibial artery.

Table 4 Number of complications during 6-month follow-ups

No of patient Percentage

All-cause mortality 0 0

All amputation 7 28

Major amputation 1 4

Minor amputation 6 24

Restenosis/occlusion 6 24

Punctures site
bleeding/hematoma

2 8
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Reasonably good ulcer healing was observed at the end
of 6 months. Seven of our patients presented in a partial/
complete gangrenous state. Ulcer healing was not expected
in these patients.

Angioplasty was performed in these cases to lower the
amputation level, and also for better stump healing. Limb
salvage was obtained in 24 (96%) patients with one major
amputation (above the ankle). Minor amputations were one
forefoot amputation and five toe amputations (►Figs. 1D-a

and 1D-b). The angioplasty improved the healing of minor
ulcers and amputation stumps healedwellwith conservative
measures after angioplasty.

Discussions

PAD is an important manifestation of atherosclerotic vascular
disease and is commonamongmiddle- and old-age patients in
India. Diabetes, hypertension and smoking, and obesity are
important risk factors. Compared with other forms of cardio-
vascular disease, relatively little attention has been paid to the
overall prevalence of PAD.10 PAD is at high risk for the
development of CLI with nonhealing foot wounds. CLI is
classically a disease with a poor prognosis concerning limb
preservation.11,12Thesepatientsareoftennot suitablesurgical
candidates due to concomitant disease and advanced
age, making endovascular therapy preferable.

Doppler USG of the lower extremity arteries is a reliable
technique, with overall sensitivities for predicting tibial
artery patency (90% for the anterior tibial artery and PTA,
and 82% for the peroneal). The clinical disease category had
no significant effect on the accuracy of Doppler USG in
below-knee vessels. Doppler USG has been shown to differ-
entiate between stenosis with a diameter reduction larger
than or less than 50% (equivalent to 70% area reduction) with
a sensitivity of 77 to 82% and a specificity of 92 to 98%.

Over the past two decades, the prognosis for limb salvage
and survival in CLI patients has improved, with data showing
a decrease in major amputation rates in the CLI popula-
tion.13–15 Different endovascular treatment modalities have
been used for peripheral vascular recanalization. In the BTK
vessels, PTA remained the most widely used method for
recanalization but was significantly limited by the high
restenosis or occlusion rates.8,16

Morerecently,DEBhasemergedasaneffectiveendovascular
modality that is used for recanalization in BTK vessels, with
presumably higher patency rates in the long term. Apart from
single-center experiences, there are few organized studies in
literature properly assessing this presumption. Themechanism
of balloon angioplasty consists of adventitial stretching,medial
necrosis, and dissection or plaque fracture.17,18

In this prospective observational study,wehave evaluated
the safety and efficacy in terms of 6 monthly primary
patency rates of DEB in BTK arterial disease presented with
CLI. The results showed that DEB achieved promising clinical
outcomes with successful performance in IP arteries in the
short-term follow-up with a substantial primary patency
rate (76%) that is much better as compared to standard
percutaneous transluminal angioplasty (38%).19Our findings

are consistent with those reported previously in both single-
center types of research that evaluated 3 months’ restenosis
in randomly selected CLI patients.20–22 These patients were
treated with about the same DEB framework as in this study
and the DEB in peripheral intervention for below the knee
angioplasty evaluation study.8,23 Restenosis/occlusion (loss
of patency) is a result of early failure of interventional
transcatheter recanalization, which has been associated
with limb loss as well as a poor prognosis.24

Diabetes and smoking are important and independent
risk factors for the development of peripheral vascular
disease. DEB angioplasty showed a better outcome in diabet-
ic patients than the smokers. These results are consistent
with the study of Faglia et al who showed percutaneous
angioplasty as thefirst-choice revascularizationprocedure in
a high percentage of diabetic patients. In their study, clinical
restenosis was an infrequent event and angioplasty could
successfully be repeated in most cases.25,26

Improved clinical status is observed in most of the
patients after the DEB angioplasty in the form of a significant
reduction in the Rutherford category, better ulcer and ampu-
tation stump healing. The major (above the ankle) amputa-
tion rate was very low after DEB angioplasty with few minor
amputations of unsalvageable gangrenous toes and forefoot.
Minor ulcers and amputation stumps healedwell (►Fig. 1D-a

and 1D-b). This emphasizes that the DEB angioplasty
improves ulcer healing and helps to lower the amputation
level. Increased risk of death has been reported following the
application of paclitaxel-coated balloons and stents in the
femoropopliteal artery angioplasty in one of the meta-anal-
yses.27 However, in this study, no all-cause mortality has
been seen during the first 6 months of follow-up.

This study has been done in a single center with a small
sample size. Larger multicenter randomized trials are need-
ed with long-term follow-up to assess whether this higher
patency will reflect positively on limb salvage and to estab-
lish amore accurate and definite result that can be applied to
the larger population.

Conclusions

DEBs have shown safe and good clinical outcomes with suc-
cessful performance in IP arteries in the initial 6months follow-
up. DEB had a good 6-month primary patency rate with
considerably better posttreatment clinical statusof thepatients
in the formofa significant reduction in theRutherford category
and better ulcer healing. DEB angioplasty has higher technical
success rateswith lowratesofprocedure-relatedcomplications,
especially in diabetic patients. DEB angioplasty has reasonably
lesser major amputation rates at short-term follow-up.
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