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Immediate and late outcomes of endovascular therapy

for lower extremity arteries in Buerger disease
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Myeong-Ki Hong, MD, PhD,a,b and Yangsoo Jang, MD, PhD,a,b Seoul, Korea
ABSTRACT
Objective: Buerger disease is a rare inflammatory vasculopathy presenting with severe claudication or critical limb
ischemia. In this study, we sought to evaluate the feasibility and clinical outcomes of endovascular therapy for Buerger
disease involving arteries in the lower extremities.

Methods: Between January 2006 and May 2016, there were 44 Buerger disease patients (43 men; mean age, 40.4 6

9.6 years) with 50 target limbs treated by endovascular therapy at the Severance Cardiovascular Hospital. Baseline
characteristics as well as both immediate and late clinical outcomes were retrospectively analyzed.

Results: The majority (86.4%) of patients presented with critical limb ischemia. A total of 88 target lesions in 50 limbs
were treated with endovascular procedures. All limbs showed infrapopliteal artery occlusions, and multilevel diseases
involving the iliac or femoropopliteal artery were found in 31 patients (62%). Technical success was achieved in 80% of
subjects. We found that a lower serum level of C-reactive protein, specifically the log C-reactive protein value (odds ratio,
0.03; 95% confidence interval [CI], 0.00-0.71; P ¼ .030), was an independent predictor of technical failure. The median
follow-up duration was 29 months. Major adverse limb event-free survival and reintervention- and amputation-free
survival were 83.3% and 67.9% at 3 years, respectively. In a multivariate Cox proportional hazards analysis, previous
endovascular treatment (hazard ratio, 3.70; 95% CI, 1.20-11.31; P¼ .022) and previous amputation (hazard ratio, 4.68; 95% CI,
1.37-15.96; P ¼ .014) were identified as independent risk factors for reintervention- and amputation-free survival.

Conclusions: In patients with Buerger disease, endovascular treatment achieved technical success in the majority of the
cases and was associated with favorable immediate and late clinical outcomes. These findings indicate that endovascular
therapy may be considered a first-line treatment option for severe symptomatic patients with Buerger disease. (J Vasc
Surg 2018;67:1769-77.)
Buerger disease, also known as thromboangiitis obliter-
ans, is an occlusive, segmental, nonatherosclerotic,
thrombotic vasculitis that commonly involves small and
medium-sized segmental arteries, superficial veins, and
nerves of the extremities.1-4 The underlying pathologic
mechanisms for this condition, however, remain un-
known. Buerger disease typically presents in young
(<45 years of age) male smokers, and it is more prevalent
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in the Middle East and Far East than in North America
and western Europe.5,6 Clinical presentation usually
begins with ischemic symptoms caused by stenosis or
occlusion of the distal small arteries and veins, and as
the disease progresses, calf claudication, rest pain, and
skin ulcers may develop. Often, ischemic pain becomes
intractable and poorly controlled. Ultimately, distal
gangrene can result in loss of limbs,3 and the major
amputation rates during long-term follow-up have
been reported to be between 19% and 31%.7,8

Discontinuation of tobacco use in any form is the only
proven treatment to prevent disease progression and
to avoid amputation.9,10 However, various medications,
such as vasodilators (calcium channel blockers and
prostaglandin analogues), anticoagulants, and thrombo-
lytics, as well as noninvasive treatments, including inter-
mittent pneumatic compression, have shown limited
success for decreasing pain and avoiding amputation.11-15

Alternatively, invasive approaches, such as omental
transfer and sympathectomy, have demonstrated prom-
ising short-term clinical improvement and low initial
amputation rates but limited sustained, long-term
symptomatic improvement.16-18

Although revascularization is thought to be the ideal
treatment to reduce ischemic injuries, endovascular or
surgical revascularization has often been difficult
because of diseased distal runoff and diffuse segmental
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ARTICLE HIGHLIGHTS
d Type of Research: Retrospective, single-center,
cohort study

d Take HomeMessage: Endovascular therapy for 44 pa-
tients with Buerger disease resulted in 80% technical
success and 83.3% major adverse limb event-free sur-
vival and 67.9% reintervention- and amputation-free
survival at 3 years.

d Recommendation: This study suggests that endo-
vascular treatment of patients with Buerger disease
is feasible, with good technical success and reason-
able reintervention- and amputation-free survival at
3 years.
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involvement.19-21 However, owing to recent advances in
technical skills and endovascular devices, percutaneous
transluminal angioplasty (PTA) is now more widely adop-
ted in the revascularization of infrapopliteal arteries. So
far, only several reports have described the successful
results of PTA in patients with Buerger disease.22-27 These
studies were either anecdotal case reports or retrospec-
tive analyses that included only a small number of
patients (9-20 subjects). Thus, there is still limited infor-
mation on general feasibility and benefit of endovascular
therapy in patients with Buerger disease. The purpose of
this study was therefore to characterize the immediate
and late clinical outcomes of endovascular therapy for
Buerger disease involving the lower extremity arteries
in our single-center experience with a cohort of patients
larger than previous ones.
METHODS
Patients. Between January 2006 and May 2016, there

were 44 patients with Buerger disease involving the
lower extremity arteries in 50 limbs who underwent
endovascular therapy at Severance Cardiovascular Hos-
pital, Yonsei University Health System, Seoul, Republic
of Korea. Bilateral lower limb involvement requiring
endovascular therapy was present in six patients. All
patients met Olin’s diagnostic criteria.4 Subjects were
evaluated before endovascular revascularization with a
physical examination, ankle-brachial index (ABI), and at
least one imaging study, such as computed tomography
or color duplex ultrasound. Data regarding the baseline
medical history, medications, revascularization proced-
ures, and immediate and late outcomes were collected
from the patients’ electronic medical records. This
study protocol conforms to the ethical guidelines of the
1975 Declaration of Helsinki. The Institutional Review
Board at our institute approved this study and waived
the requirement for informed consent of the patient
because of its retrospective design.

Procedures. All procedures were performed under
local anesthesia. Vascular access was accomplished by
the contralateral or ipsilateral approach through com-
mon femoral arteries. Patients received a bolus dose of
5000 units of heparin after insertion of the sheath. For
treatment of iliac or femoropopliteal lesions, 0.018- or
0.035-inch guidewires were used. Lesion dilation was
performed using balloon catheters measuring 4 to
8 mm in diameter. The balloon diameter was selected
on the basis of the angiographic measurements of
the nondiseased segments proximal and distal to the
lesions. In the presence of >30% residual stenosis or
flow-limiting dissections, provisional stenting with self-
expanding nitinol stents was performed. Drug-coated
balloons (IN.PACT Admiral; Medtronic, Santa Rosa,
Calif) were used in four patients, and directional
atherectomy using Silverhawk (Medtronic) was per-
formed in one patient.
For recanalization of infrapopliteal and foot lesions,

0.014-, 0.018-, or 0.035-inch guidewires were used with
an intraluminal or subintimal approach. In general, long
balloons with diameters of 2 to 3 mm were used for tibial
arteries, and shorter balloons with smaller diameters
(1.25-2.5 mm) were used for pedal arteries, for 1 to 3
minutes, to obtain the best angiographic result. An
additional dilation was performed with prolonged
high-pressure or larger balloons when angiography
revealed residual stenosis of >30% or flow-limiting
dissection. If suboptimal results persisted, bailout stent-
ing with self-expanding bare-metal stents was per-
formed. In cases with large thrombotic burden,
urokinase was administered intra-arterially at a rate of
60,000 to 80,000 units/h for 12 to 24 hours after admin-
istration of an initial loading dose of 200,000 units.
Patients without previous use of aspirin or clopidogrel

before endovascular therapy received loading doses of
300 mg aspirin or 300 mg clopidogrel 12 hours before
the procedure. Cessation of any tobacco use was recom-
mended for all patients during the admission period.

Definitions and end points. Technical success was
defined as re-establishment of target vessel patency
with a residual stenosis of <30% for iliac and femo-
ropopliteal target arteries and as recanalization of at
least one straight-line flow to the foot with <30% resid-
ual stenosis for infrapopliteal target arteries. Clinical
success was defined as a subjective perception of
improved walking distance, resolution of resting pain, or
healing of ischemic ulcer, resulting in an improvement of
at least one category in the Rutherford classification,
together with an increase >0.15 in ABI.28,29

The primary study end point was major adverse limb
event (MALE)-free survival. MALE is defined as an above-
ankle amputation of the index limb or major reinterven-
tion (new bypass graft, jump or interposition graft
revision, and thrombectomy or thrombolysis). Secondary



Table I. Baseline clinical characteristics of patients

Total (N ¼ 44) Technical success (n ¼ 35) Technical failure (n ¼ 9) P value

Age, years 40.4 6 9.6 41.0 6 9.6 37.9 6 9.7 .393

Male 43 (97.7) 34 (97.1) 9 (100.0) 1.000a

Duration of illness, months 42.1 6 44.2 34.0 6 41.3 74.7 6 42.1 .008

Hypertension 4 (9.1) 2 (5.7) 2 (22.2) .180a

Diabetes mellitus 0 (0) 0 (0) 0 (0)

Hypercholesterolemia 12 (27.3) 10 (28.6) 2 (22.2) 1.000a

Chronic kidney disease 1 (2.3) 0 (0) 1 (11.1) .205a

Coronary artery disease 3 (6.8) 3 (8.6) 0 (0) 1.000a

Smoking .488

Never 0 (0) 0 (0) 0 (0)

Current 30 (68.2) 23 (65.7) 7 (77.8)

Former 14 (31.8) 12 (34.3) 2 (22.2)

Previous angioplasty 19 (43.2) 16 (45.7) 3 (33.3) .710a

Previous bypass surgery 6 (13.6) 5 (14.3) 1 (11.1) 1.000a

Previous limb amputation 7 (15.9) 5 (14.3) 2 (22.2) .619a

Critical limb ischemia 38 (86.4) 31 (88.6) 7 (77.8) .400

Rutherford classification

Category 3 6 (13.6) 4 (11.4) 2 (22.2)

Category 4 19 (43.2) 13 (31.1) 6 (66.7)

Category 5 17 (38.6) 16 (45.7) 1 (11.1)

Category 6 2 (4.5) 2 (5.7) 0 (0)

CRP level, mg/L 1.9 (0.8-7.1) 3.0 (1.3-9.1) 0.7 (0.2-1.1) .001b

CRP, C-reactive protein.
Categorical variables are presented as number (%). Continuous variables are presented as mean 6 standard deviation or median (interquartile range).
aP value by Fisher exact test.
bP value by Mann-Whitney test.
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end points included the following: limb salvage,
defined as freedom from above-ankle amputation;
reintervention- and amputation-free survival (RAFS),
defined as freedom from the combined end points of
death, above-ankle amputation, major reintervention
(eg, new bypass graft, jump or interposition graft revision,
and thrombectomy or thrombolysis), and minor reinter-
vention (eg, surgical patch angioplasty [without graft
thrombectomy], balloon angioplasty, atherectomy, laser
treatment, and stenting or stent grafting by either an
open surgical exposure or percutaneous approach); and
survival from clinically driven target lesion revasculariza-
tion (TLR), which is defined as any reintervention within
the target lesion due to symptoms or a drop in ABI of
$20% or >0.15 compared with postprocedure levels.

Statistical analysis. Descriptive statistics (absolute fre-
quencies and percentages for categorical variables,
means 6 standard deviation for continuous variables)
were used to evaluate demographic and clinical charac-
teristics of the population. Baseline clinical and lesion
characteristics were compared between the technical
success and the failure group using a Student t-test for
continuous data and c2 test or Fisher exact test for
categorical data. C-reactive protein (CRP) levels, which
displayed a skewed distribution, were compared using
the Mann-Whitney test. Univariate and multivariate lo-
gistic regression analysis using clinical and lesion vari-
ables was used to determine odds ratios (ORs) for
technical failure. The Kaplan-Meier estimate was used for
MALE-free survival, limb salvage, RAFS, and freedom
from clinically driven TLR. Cox proportional hazards
univariate and multivariate regression analyses were
used for identification of the predictors of RAFS. All var-
iables with a P value < .15 in univariate analysis were
entered in multivariate analysis. A value of P < .05 was
considered statistically significant. Statistical analysis was
performed using SPSS 23.0 statistical software (IBM Corp,
Armonk, NY).

RESULTS
Baseline clinical characteristics. A total of 44 patients

(43 men; mean age, 40.4 6 9.6 years) were included in
this retrospective analysis. Baseline characteristics and
medication administered at hospital discharge are sum-
marized in Table I. The duration of illness from the first
appearance of symptoms to the index procedure was
42.1 6 44.2 months. All patients were current (68.2%) or
former smokers (31.8%), and none had diabetes. Hyper-
tension (n ¼ 4 [9.1%]), chronic kidney disease (n ¼ 1



Table II. Lesion and procedural data

Total (N ¼ 44) Procedural success (n ¼ 35) Procedural failure (n ¼ 9) P value

Limbs 50 40 10

Disease levels

Iliac 2/50 (4.0) 2/40 (5.0) 0/10 (0) 1.000a

Femoropopliteal 32/50 (64.0) 25/40 (62.5) 7/10 (70.0) .659

Infrapopliteal 50/50 (100) 40/40 (100) 10/10 (100) 1.000

Multilevel disease 31/50 (62.0) 25/40 (62.5) 7/10 (70.0) .659

No. of patent runoff tibial arteries 0.6 6 0.6 0.5 6 0.6 0.6 6 0.5 .820

Pedal arch type .334

Type 1 2/50 (4.0) 2/40 (5.0) 0/10 (0)

Type 2A or 2B 23/50 (46.0) 20/40 (50.0) 3/10 (30.0)

Type 3 25/50 (50.0) 18/40 (45.0) 7/10 (70.0)

Pre-PTA ABI 0.6 6 0.3 0.6 6 0.3 0.5 6 0.3 .457

Target arteries

Iliac 2 2 0

Femoropopliteal 32 25 7

Infrapopliteal 54 50 4

Local thrombolysis 6/50 (12.0) 5/40 (12.5) 1/10 (10.0) 1.000a

Clinical success 38/50 (76.0) 38/40 (95.0) 0/10 (0) d

Post-PTA ABI 0.9 6 0.3 0.9 6 0.2 0.6 6 0.3 .034

Complications

Vessel perforations 5/10 (10.0) 2/40 (5.0) 3/10 (30.0) .048a

Distal embolization 1/10 (2.0) 0/40 (0.0) 1/10 (10.0) .200a

ABI, Ankle-brachial index; PTA, percutaneous transluminal angioplasty.
Categorical variables are presented as n/N (%). Continuous variables are presented as mean 6 standard deviation.
aP value by Fisher exact test.
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[2.3%]), and coronary artery disease (n ¼ 3 [6.8%]) were
infrequent. The majority (86.4%) of patients presented
with critical limb ischemia. Rutherford categories 4
(43.2%) and 5 (38.6%) were the most common clinical
presentations. Angioplasty and bypass surgery had
been performed in 19 (43.2%) and six patients (13.6%),
respectively, and seven patients (15.9%) had undergone
previous amputation (2 patients with contralateral
below-the-knee amputations, 2 patients with ipsilateral
transmetatarsal amputations, and 3 patients with ipsi-
lateral toe amputations).
We observed no significant difference in the baseline

clinical characteristics between the procedural success
and procedural failure groups. However, the duration
of illness was significantly shorter in the procedural
success group than in the failure group (34.0 6 41.3 vs
74.7 6 42.1 months; P ¼ .008). In addition, preprocedural
CRP levels were significantly higher in the procedural
success group than in the failure group (median,
3.0 mg/L [interquartile range, 1.3-9.1 mg/L] vs median,
0.7 mg/L [interquartile range, 0.2-1.1 mg/L]; P ¼ .001).

Lesion and procedural data. A total of 50 limbs with 88
target lesions were treated with endovascular proced-
ures, all of which were total occlusions. Lesion and
procedural data are summarized in Table II. All limbs
showed infrapopliteal artery occlusions, and multilevel
diseases involving infrapopliteal and suprapopliteal ar-
teries were found in 31 patients (62%). Local thrombolysis
was performed in six limbs. Two iliac targets, all in-stent
restenosis lesions, were treated successfully. Among the
32 femoropopliteal targets, 22 lesions were type D by
TransAtlantic Inter-Society Consensus II, and 3 lesions
were in-stent restenosis. The subintimal wire approach
was applied in 12 lesions, and self-expandable bare
nitinol stents were implanted in six lesions after balloon
angioplasty. Technical success was achieved for 25
lesions (78.1%); all failed lesions involved popliteal occlu-
sions and were associated with wire passage failure.
There were a total of 54 infrapopliteal target lesions, and
all were total occlusions and type D lesions. Type 3 pedal
arch, which involves occlusion of both the dorsalis pedis
and lateral plantar artery, was found in 50% of treated
limbs. The subintimal approach was performed in 13 le-
sions, and none of the infrapopliteal targets were treated
with stenting. Technical success was achieved for 43 of
the 54 infrapopliteal target lesions, and the causes of
technical failure for treatment of these lesions were wire
passage failure (n ¼ 6) and insufficient antegrade flow
(n ¼ 5). Overall technical success was achieved for 40 of



Fig 1. Representative cases of infrapopliteal (A, baseline angiography; B, balloon angioplasty; C, after balloon
angiography) and popliteal (D, baseline angiography; E, balloon angioplasty; F, after balloon angioplasty)
revascularizations.
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50 treated limbs (80%), and clinical success was ob-
tained for 38 of the 50 limbs (76%). In two limbs,
technical success did not result in clinical success.
Representative cases of infrapopliteal and popliteal

revascularizations are shown in Fig 1.
Clinical improvement in Rutherford classification after

the procedure is presented in Fig 2. There were no major
procedure-related complications in this study group,
and all vessel perforations (n ¼ 5) were controlled
without further surgical or endovascular intervention.
One case of distal embolization was managed by
catheter aspiration.
We observed significant differences in lesion and proce-

dural variables between the technical success group and
the failure group. Although baseline ABI was similar
between these two groups (0.6 6 0.3 vs 0.5 6 0.3,



Fig 2. Rutherford category classification before and after
percutaneous transluminal angioplasty (PTA).
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respectively; P ¼ .457), postprocedural ABI was signifi-
cantly higher in the success group than in the failure
group (0.96 0.2 vs 0.66 0.3, respectively; P ¼ .034). Based
on a univariate logistic regression analyses, lower log CRP
levels (OR, 0.05; 95% confidence interval [CI], 0.00-0.58;
P ¼ .017), longer duration of illness (OR 1.02; 95% CI
1.00-1.04; P ¼ .014), and Rutherford category of 5 or 6
(OR, 0.10; 95% CI, 0.01-0.87; P ¼ .037) were associated
with increased risk of technical failure (Table III). In our
multivariate analysis, log CRP level (OR, 0.03; 95% CI,
0.00-0.71; P ¼ .030) was identified as an independent
predictor of technical failure (Table III). In addition, a
longer duration of illness (OR, 1.03; 95% CI, 1.00-1.06;
P ¼ .063) showed a trend toward association with a
higher risk of technical failure.

Clinical outcomes. The median follow-up time for
this patient group was 29 months (interquartile range,
15-69 months). Clinical outcomes at 1 year to 5 years are
displayed in Table IV and summarized in Fig 3. MALE-free
survival was 86.9% at 1 year and 83.3% at 5 years. Limb
salvage was achieved in 90.2% of limbs at 1 year and in
86.7% at 5 years. RAFS was 70.9% at 1 year and 62.7% at
5 years. Survival free from clinically driven TLR was 73.0%
at 1 year and 58.2% at 5 years. During the follow-up
period up to 5 years, a total of 15 limbs required reinter-
vention. Among them, four limbs were treated with
femoral-to-popliteal bypass surgery and 11 limbs with
endovascular therapy. Based on univariate Cox propor-
tional hazards analysis, continuous smoking after the
procedure (hazard ratio [HR], 3.91; 95% CI, 1.25-12.23;
P ¼ .019), previous endovascular therapy (HR, 2.57; 95% CI,
0.95-6.92; P ¼ .062), previous amputation (HR, 3.86; 95%
CI, 1.31-11.36; P ¼ .014), and pedal arch type 3 (HR, 2.88;
95% CI, 1.00-8.31; P ¼ .050) were associated with
increased risk of RAFS (Table V). Multivariate Cox analysis
identified previous endovascular therapy (HR, 3.70; 95%
CI, 1.20-11.31; P ¼ .022) and previous amputation (HR, 4.68;
95% CI, 1.37-15.96; P ¼ .014) as independent risk factors for
RAFS (Table V).

DISCUSSION
We have performed a retrospective analysis of the im-

mediate and late clinical outcomes of endovascular ther-
apy in patients with Buerger disease. From this
investigation, our major findings are as follows. All
patients with Buerger disease exhibited infrapopliteal
artery disease, and multilevel diseases extending to the
femoropopliteal arteries were also common. Endovascu-
lar treatment of Buerger disease patients was feasible,
with favorable technical and clinical success rates, and
safe, showing no significant major complications. Lower
CRP level was identified as an independent predictor of
technical failure, and longer duration of illness was also
associated with a higher risk of technical failure. Patients
who underwent endovascular therapy showed favorable
MALE-free survival and limb salvage rates. Finally, previ-
ous endovascular therapy and previous amputation
were identified as independent risk factors for RAFS.
In Buerger disease, small and medium-sized vessels of

the distal extremities are mainly involved, and occlusions
of infrapopliteal arteries with formations of “corkscrew
collaterals” are typical angiographic findings. However,
unlike in diabetic peripheral artery disease, which is
also commonly distributed in infrapopliteal arteries,
diseased segments show no calcifications and proximal
arteries are free of atherosclerotic changes in Buerger
disease. In this study, no patient had diabetes, and angio-
graphic findings of the enrolled patients were compat-
ible with typical lesion characteristics of Buerger disease.
The pathologic mechanisms underlying Buerger disease

remain largely unknown, although recent studies have
suggested that genetic polymorphisms and abnormal
immune responses triggered by smoking may play
important roles in the disease pathogenesis.30 The acute
phase of Buerger disease is characterized by luminal
obstruction with a highly cellular, occlusive thrombus,
which consists mostly of polymorphonuclear leukocytes,
mononuclear cells, and occasional multinucleated giant
cells, without involving the internal elastic lamina or me-
dia.4,30 In the chronic phase, inflammation is no longer
present within the lumen of the vessel, and only the orga-
nized thrombus and vascular fibrosis remain.
Based on our retrospective analysis, technical success

was achieved in 80% of cases in which endovascular
therapy was performed for Buerger disease, with lower
CRP levels and a longer duration of illness independent
predictors of technical failure. A study31 reported that
Buerger disease patients presenting with acute clinical
manifestations showed elevated levels of cytokines asso-
ciated with inflammatory reactions. Therefore, patients
with higher CRP levels and a shorter duration of illness
may tend to be in the inflammatory phase of disease,
with a less well organized thrombus, making wire



Table III. Predictors of technical failure in univariate and multivariate logistic regression analysis

Univariate analysis Multivariate analysis

OR (95% CI) P value OR (95% CI) P value

Log CRP 0.05 (0.00-0.58) .017 0.03 (0.00-0.71) .030

Duration of illness 1.02 (1.00-1.04) .014 1.03 (1.00-1.06) .063

Rutherford class 5 or 6 0.10 (0.01-0.87) .037 0.17 (0.01-2.95) .223

Pedal arch type 3 at baseline 2.85 (0.64-12.64) .168 4.27 (0.38-47.73) .238

CI, Confidence interval; CRP, C-reactive protein; OR, odds ratio.

Table IV. Late clinical outcomes

Event-free survival 1 year, % 3 years, % 5 years, %

MALE-free survival 86.9 83.3 83.3

Limb salvage 90.2 86.7 86.7

RAFS 70.9 67.9 62.7

Freedom from any amputation 88.1 81.3 75.5

Freedom from clinically driven TLR 73.0 70.0 58.2

Freedom from all-cause death 100 100 100

Freedom from stroke 100 100 100

Freedom from myocardial infarction 100 100 100

MALE, Major adverse limb event; RAFS, reintervention- and amputation-free survival; TLR, target lesion revascularization.

Fig 3. Kaplan-Meier curves for major adverse limb event (MALE)-free survival (A), limb salvage (B), reintervention-
and amputation-free survival (RAFS; C), and target lesion revascularization (TLR)-free survival (D).
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passage more feasible. However, in the long-standing
chronic phase, lesions become more fibrotic, and thus
wire passage is likely to be more challenging. In this
study, higher CRP level was not associated with
decreased RAFS. To our knowledge, there have been
no studies elaborating the impact of inflammatory status



Table V. Predictors of reduced reintervention and amputation-free survival in univariate and multivariate Cox proportional
hazards regression analysis

Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

Continuous smoking after procedure 3.91 (1.25-12.23) .019 2.26 (0.70-7.38) .175

Previous endovascular therapy 2.57 (0.95-6.92) .062 3.70 (1.20-11.31) .022

Previous amputation 3.86 (1.31-11.36) .014 4.68 (1.37-15.96) .014

Pedal arch type 3 at baseline 2.88 (1.00-8.31) .050 2.79 (0.95-8.17) .062

CI, Confidence interval; HR, hazard ratio.
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or anti-inflammatory treatment on the procedural or
clinical outcomes in Buerger disease.
To date, there have been no randomized clinical trials

or large-scale registry studies on the outcomes of
endovascular treatment for Buerger disease. Only two
retrospective reports with small numbers of patients
are available.26,27 Graziani et al26 treated 20 limbs from
16 patients and achieved technical success in 95%
(19/20 limbs) of cases and limb salvage in 100%, with a
mean follow-up duration of 23 months. Reintervention
was required in five limbs during follow-up. Yuan et al27

reported the outcomes of PTA for lesions located above
the knee in nine patients with atypical Buerger disease
involving the iliac or femoral artery, with partially patent
distal runoff. In this study, technical success was 100%,
and there were no amputations after the procedure.
Because of the small number of patients and limited in-
formation on the details of clinical and lesion
characteristics in the previous studies, it is difficult to
compare our study outcomes with the previous ones.
Collectively, however, these data suggest that angio-
plasty appears to be a feasible and effective treatment
for improving symptoms in the majority of patients
with Buerger disease.
The long-term prognosis of Buerger disease has been

reported in several single-center studies, performed be-
tween 1990 and 2004.7,8,32,33 For mean follow-up dura-
tions ranging from 7.6 to 15 years, amputation was
performed in 27% to 74% of cases, and the major ampu-
tation rate was reported to be as high as 19% to 31%.
Complete smoking cessation was most efficacious for
preventing future amputations.32 In our study, contin-
uous smoking after endovascular therapy was associated
with higher risk of reintervention or amputation. There-
fore, physicians should educate and counsel their pa-
tients about the importance of complete abstinence
from any tobacco product, even after successful endo-
vascular treatment. It remains to be determined whether
recent improvements in endovascular skills and devices
can further improve technical success or whether drug-
eluting technologies, such as balloons and stents, can
further reduce the risk of reintervention.
This study has several limitations. First, our investiga-

tion is a retrospective, single-center, small cohort,
noncomparative, observational analysis with the
inherent limitations associated with such designs. Sec-
ond, we did not use any biomarkers other than CRP
for assessing inflammation levels in Buerger disease pa-
tients and did not employ vascular imaging tools to
determine pathologic characteristics of the lesions.
Thus, the relationship between disease activity and
technical success based on this study remains specula-
tive. Last, this study covers a time span of 10 years. In
recent years, new devices such as drug-eluting stents
or balloons and atherectomy devices have been intro-
duced. However, only a small minority of patients were
treated using these devices. Thus, the impact of these
devices on the clinical outcomes cannot be evaluated
in this study.

CONCLUSIONS
In patients with Buerger disease, endovascular therapy

achieved technical success in the majority of the
cases and was associated with favorable immediate
and late clinical outcomes. These findings indicate that
endovascular therapy may be considered a first-line
treatment option for severe symptomatic patients with
Buerger disease.
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