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Purpose: Percutaneous transluminal angioplasty (PTA) shows an attractive outcome for
treating infrainguinal arterial occlusive disease (IAOD). However, this procedure requires
repeated revascularization and additional stenting. Directional atherectomy (DA) has been
reported to be a modality that requires less frequent use of stenting. The aim of this study
was to compare the duplex-based outcomes between PTA and DA for treating IAOD.
Methods: A retrospective review of consecutive patients with IAOD treated with PTA and
DA was completed. The demographics and procedural data were obtained. A provisional
stent was placed in those cases with flow-limiting dissection and residual stenosis after PTA
or DA. Technical success was defined as a residual stenosis ＜ 30%. The primary patency
rate was evaluated by performing duplex scanning. The clinical outcomes and frequency of
stent placement for each procedure were evaluated. For statistical analysis, the data was analyzed using SPSS 22.0 software (IBM Corp, Chicago, Ill). All P values were considered significant if less than 0.05.
Results: Seventy-one patients were included in the study. Their mean age was 71.5 ± 10.2
years. The male-to-female ratio was 49:22. Thirty-three patients underwent PTA. DA was
performed in 38 patients (42 limbs). Technical success was achieved in all the patients. The
duplex-based clinical outcome and limb salvage rate were similar in the two groups. Bailout
stent placement was performed in 8 of 33 patients (24.2%) in the PTA group and in no patient in the DA group.
Conclusion: The clinical outcomes were similar for both the DA and primary PTA groups.
Atherectomy reduced the need for bailout stent placement as compared with bailout stent
placement in primary PTA.
Keywords: Transluminal angioplasty, Percutaneous atherectomy, Atherosclerosis, Stent,
Duplex scan

INTRODUCTION

Traditionally, the open bypass surgery has been a
standard for its treatment. However, a variety of en-

Infrainguinal arterial occlusive disease (IAOD) is a

dovascular procedure is an increasingly performed

common vascular problem. It carries the decreased

for its treatment.(2,3) At many centers, the pre-

quality of life and possible major limb loss.(1)

ferred treatment of infrainguinal occlusive disease
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has undergone a paradigm shift from open bypass

PTA or DA. The patients were retrospectively ana-

surgery to endovascular intervention as the first-

lyzed using a prospectively collected database.
Demographic and clinical characteristics of the

line therapeutic modality.
The percutaneous transluminal angioplasty (PTA)

patients were recorded, including comorbidities

can be a core of endovascular therapy. PTA can be a

(hypertension, diabetes, smoking, coronary artery

definite treatment modality or be performed as an

disease, cerebrovascular disease, chronic obstructive

initial procedure for other endovascular procedure.

pulmonary disease, hyperlipidemia and chronic renal

Although PTA can dilate the steno-occlusive arterial

failure), clinical presentation, and the clinical out-

lesion, the plaque itself may be split or fractured, but

comes on last follow‑up. Preoperatively, all patients

otherwise does not change significantly in volume or

underwent computed tomography‑angiography (CTA)

shape.(4) Therefore, PTA showed provisional stent

for the evaluation of lower extremity arterial occlu-

placement rates ranges up to 50%.(5) Although the

sive lesions. Treatment modality was determined by

newer nitinol-self expanding stents have increased

the vascular surgeon based on the CTA images.

conformability and low fracture rates, in-stent

All subjects underwent revascularization of target

restenosis (ISR) remains a common clinical problem,

lesions of the femoropopliteal and/or tibial-peroneal

with an estimated rate of 19%-37%.(6,7) Directional

arteries with PTA or DA using a DA device. If the DA

atherectomy has been used to treat the infrainguinal

device could not initially pass through the lesion,

PAOD as the strategies ‘NOTHING LEFT BEHIND’.(8)

pre-dilation was performed to facilitate DA device

There has not been reported the detailed or com-

passage. Adjunctive procedures including PTA was

prehensive strategies that specified the optimal ap-

performed per physician discretion; however, if re-

proaches with regard to testing methods after the

sidual stenosis was ＜ 30%, additional post-dilation

endovascular revascularization for the IAOD. The

was not performed.

Clinical Practice Council of the Society for Vascular

Technical success for an endovascular procedure

Surgery suggested that ankle-brachial index (ABI)

was defined as a patent vessel with ＜ 30% residual

and duplex ultrasound (DUS) within the first month

stenosis, following postdilatation with restoration of

to provide a post-treatment baseline and to evaluate

rapid antegrade perfusion. Postoperative surveil-

for residual stenosis after intervention of IAOD and

lance was performed in outpatient clinics within one

continued surveillance at 3 months and then every 6

month and at 3, 6 months and every 6 months

months.(9) The purpose of this study was to compare

thereafter. Clinical assessments of the femoral and

the clinical outcomes after PTA and DA for IAOD.

distal pulses, ABI measurements and DUS were
performed. Primary patency was defined as duplex
ultrasonography measurement of the peak systolic

METHODS

velocity ratio (PSVR) ＜ 2.5 at the target lesion. The
Hee

occlusion of the target lesion was defined as the no

University Hospital at Gangdong (Seoul, Korea) were

color flow image and no signal by the spectral

selected during the study period. Written informed

Doppler image.The independent t-test for con-

consent for the procedure was obtained from all the

tinuous variables, Fisher’s exact test for categorical

patients or their families. Each patient had disabling

variables, and Log-rank test for patency rate using

claudication or critical limb ischemia (Rutherford

SPSS 22.0 software (IBM Corp, Chicago, Ill) were

category 2 to 6) and underwent revascularization by

used for statistical analysis. All P values were

Consecutive

patients

from

the

Kyung
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2-tailed, and P ＜ 0.05 was considered to be statisti-

of follow-up period was significantly longer in PTA

cally significant.

group than DA group (20.3 months versus 5.3
months, P = 0.001). The most common anatomic

RESULTS

characteristics according to the TASC classification
showed the TASC B lesion. Technical success was

A total of 71 patients were included in the study.

achieved in all patients. One of interesting point was

The flow chart for the enrollment of patients was

that there was no case of bail-out stenting in DA

shown in Fig. 1. We analyzed the patients who under-

group.

went the endovascular revascularization of IAOD

The duplex surveillance was performed within one

from the prospectively collected database of periph-

months and at 3, 6 months and every 6 months

eral arterial occlusive disease of 413 patients. The

thereafter. Primary patency rate defined as a peak

patients with upper extremity disease or acute arte-

systolic velocity ratio ＜ 2.4 was shown in Fig. 2.

rial disease were excluded. And the aortic and iliac

One-year primary patency rate was 78.1% in PTA

arterial procedures were excluded. Then, the re-

group and 89.8% in DA group (P = 0.125). Two-year

maining 71 patients who underwent endovascular

primary patency rate was 71.6% in PTA group. The

procedures for the IAOD were included to this study.

primary patency rate according to the lesion length

Demographic and preoperative characteristics of

was shown in Fig. 3.

the patients are shown in Table 1. The mean age was
70.3 ± 7.8 years in PTA and/or stenting group and

DISCUSSION

72.5 ± 11.9 years in DA group, respectively. The
male‑to‑female ratio was 49:22. The most common

We report on the short-term results of a retro-

indication for revascularization was Rutherford cat-

spective cohort patients with infrainguinal lesions

egory V (minor tissue loss) and hypertension was the

treated with PTA and DA. Technical success rate was

most common comorbidity in both groups. The length

100%. Although the follow-up period was relatively

Fig. 1. Flow chart of the procedures
performed during the study period.
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Table 1. Patient Characteristics
Characteristics
Number
Age, years
Sex (male:female)
Follow-up, months
Rutherford category (2/3/4/5/6)
TASC classification (A:B:C:D)
Bail-out stenting (yes:no)
Risk factors
Hypertension
Diabetes
Smoking
Coronary artery disease
Cerebrovascular disease
COPD
Hyperlipidemia
Chronic renal failure
Mortality (all causes)

PTA ± Stenting

Atherectomy

P value*

33
70.3 ± 7.8
21:12
20.3 ± 16.6
1/12/0/14/6
12:14:5:2
11:22

38
72.5 ± 11.9
28:10
5.3 ± 4.3
0/11/1/20/6
14:16:8:0
0:38

0.374
0.443
0.001
0.733
0.560
0.001

21 (63.6%)
14 (42.4%)
20 (60.6%)
7 (21.2%)
5 (15.2%)
2 (6.1%)
4 (12.1%)
8 (24.2%)
4 (12.1%)

30 (78.9%)
20 (52.6%)
9 (23.7%)
8 (21.1%)
10 (26.3%)
0
6 (15.8%)
10 (26.3%)
3 (7.9%)

0.190
0.477
0.002
1.00
0.383
0.212
0.742
1.00
0.697

PTA = percutaneous transluminal angioplasty; TASC = transathlantic inter-societal consensus; COPD = chronic obstructive pulmonary disease.
*Statistical analysis was done using independent t-test for comparison of continuous variables and Fisher’s exact test for comparison of nominal
variables.

Fig. 2. Primary patency rate measured by duplex scanning of two
groups. PTA = percutaneous transluminal angioplasty.

Fig. 3. Primary patency rate measured by duplex scanning
depending on the lesion length.

short, the primary patency rate was 78.1% in in PTA

majority (96%) of cases was technically successful,

group and 89.8% in DA group. In most of cases in DA

but additional balloon dilation in; 60% of cases

group, additional ballooning was performed to ach-

served to visually improve the angiographic appear-

ieve the better angiographic appearance. Zeller et

ance of the recanalized artery. Only about 24% re-

al.(10) also reported that atherectomy alone in the

quired dilation to achieve primary treatment success.
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From a technical view, the DA catheter could easily

surveillance protocol with follow-up at 1 month, 3

be controlled in both antegrade and crossover use,

months, and 6 months and yearly thereafter. They

despite wire guidance of the monorail system over

concluded that a PSV ＞ 223 cm/s had both high spe-

only a short distance. The few occasions in which the

cificity and sensitivity in the femoropopliteal seg-

blade became temporarily locked in the forward posi-

ment to detect a ＞ 70% stenosis. Using a Vr ＞ 2.5

tion occurred primarily when the vessel had a bend or

also identified a high percentage of patients with a

turn. For the case of up-and-over technique to cross

＞ 70% angiographic stenosis. Bui et al.(18) inves-

the aortic bifurcation, this sort of situation occurred.

tigated the natural history of restenosis in the femo-

This problem was managed by the change of sheath

ropopliteal segment after EVT. Ninety-four limbs

with a stiffer sheath such as a 7F Balkin sheath (Cook

were entered into a DUS surveillance protocol after

Inc., Bloomington, IN, USA). The blade could always

EVT, and the mean follow-up was 22 months.

be easily freed. The atherectomy catheter we tested

Moderate stenosis was defined by a PSV of 200 to 300

in this study was limited to lesions with slight degree

cm/s or a Vr of 2 to 3, and severe stenosis was defined

of calcification because the rotating stainless steel

by a PSV ＞ 300 cm/s or a Vr ＞ 3.

blade did not cut through pure calcium.(10)

The endovascular procedure in the tibial arteries is

One of troublesome complication was the distal

associated with low patency rates and high reste-

embolization at the beginning of our experience. The

nosis rates.(19,20) Saqib et al. (21) reported on the

++

DEFINITIVE Ca

study showed the 2.3% of this

outcomes and predictors of restenosis for EVT of the

complication. They recommended the use of distal

tibial arteries. A PSV ＞ 300 cm/s and Vr of ＞ 3.5

embolic protection device.(11) The value of using of

were used as indicators of severe restenosis. There

embolic protection with atherectomy is controversial

have been conflicting reports about the utility of DUS

and varies by lesion characteristics and disease

after EVT in the tibial arteries, with some authors

severity. The presence of embolization has been

finding poor correlation to angiographic findings,(17)

shown across all endovascular modalities (PTA,

whereas others have found it to be reliable for sur-

stent, laser and atherectomy) using embolic filters

veillance after interventions.(22)

(12,13) or by continuous monitoring of the down-

Our analysis has several limitations. This is the

stream artery with duplex ultrasound.(14) Furthermore,

retrospective data collection based on administrative

calcification was shown to increase the risk of clin-

database. Another limitation is short-term fol-

ically significant embolism.(15)

low-up period. Furthermore, this is the relatively

DUS is commonly used to evaluate the clinical out-

small sample size. Further studies have to examine

comes or primary patency ate after endovascular

the best use of the Silverhawk atherectomy device

procedure of IAOD. Investigators at the University of

regarding long term patency. Potential biases could

Pittsburgh Medical Center conducted a retrospective

have occurred in that clinicians at the practice sites

review of 330 limbs that underwent stenting of the

were aware of the goals of the study and therefore

superficial femoral artery. These patients were seen

may have preferentially overenrolled patients with

in follow-up at 1 month, 3 months, 6 months, and

known PAOD. Also patients with leg symptoms may

every 6 months thereafter. Follow-up included clin-

have been more willing to participate.

ical evaluation, ABI measurement, and DUS. Criteria
for high-grade restenosis were PSV ＞ 300 cm/s and
Vr ＞ 3.5.(16) Shrikhande et al.(17) reported a similar
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CONCLUSION
The directional atherectomy is an effective treatment modality at 12 months for the patients with
IAOD. The procedural success can be achieved without a provisional stent placement after DA.
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