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Recently, Aragén-Sanchez et al.' reported

a successful endovascular approach to occlu-
sive posterior tibial and plantar arteries in a
Buerger's disease patient threatened with
amputation. Graziani et al.” had good out-
comes with endovascular therapy for tibial
artery occlusion due to Buerger’s disease in
20 cases, with clinical improvement in 84%
and 100% limb salvage over a mean 23-month
follow-up. Given that occlusive lesions in
Buerger’s disease can be pathologically char-
acterized by a preserved internal medial layer,
concentric vasoconstriction, and absence of
calcification,*” these recent experiences and
our case highlight the potential utility of
subintimal angioplasty in the endovascular
treatment of patients with Buerger’s disease.
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Objectives: To elucidate the optimal cutoff and accuracy of duplex ultrasonography
(DUS) parameters for in-stent restenosis (ISR) after nitinol stenting in the superficial
femoral artery (SFA). Background: Few data are available regarding the performance of
DUS for binary ISR based on quantitative vessel analysis (QVA) in the era of SFA nitinol
stenting. Methods: This retrospective study included 74 in-stent stenoses of SFA who
underwent DUS before follow-up angiography. DUS parameters, such as peak systolic
velocity (PSV) and the peak systolic velocity ratio (PSVR), were compared with percent
diameter stenosis (%DS) from a QVA basis. Results: There was a statistically signifi-
cant correlation (P < 0.001) between “%DS and PSV” and “%DS and PSVR,” and the
correlation with %DS proved to be stronger in PSVR (R = 0.720) than in PSV (R =
0.672). The best performing parameter for ISR (50% or greater stenosis) was revealed
PSVR, as the areas under the receiver operator characteristics curves using PSVR and
PSV were 0.908 and 0.832, respectively. A PSVR cut off value of 2.85 yielded the best
predictive value with sensitivity of 88%, specificity of 84%, and accuracy of 86%. The
positive predictive value was 85% and the negative predictive value was 88%.
Conclusions: A PSVR of 2.85 is the optimal threshold for ISR after nitinol stenting
in the SFA. Further large prospective studies are required for the validation and

establishment of uniform criteria for DUS parameters.

© 2012 Wiley Periodicals, Inc.
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INTRODUCTION

The marriage of balloon angioplasty with a nitinol
stent has gained popularity in the field of superficial
femoral artery (SFA) intervention during the last dec-

ade. However, a standard methodology for assessing
in-stent restenosis (ISR) has yet to be established in
the SFA [1]. During the last two decades, quantitative
vessel analysis (QVA) based on an angiographic basis
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has been established as the gold standard methodology
for coronary intervention analysis [2-6]. Recently, a
statement regarding lower limb intervention outcomes
advocated the need for QVA for objective evaluation
[7].

Meanwhile, given its noninvasive nature, lack of
need for contrast agents, and repeatability, duplex
ultrasonography (DUS) has been widely used in the
identification of restenosis after lower limb interven-
tion. However, it remains unclear as to how DUS
parameters such as peak systolic velocity (PSV) and
peak systolic velocity ratio (PSVR) are plausible to
predict ISR in the era of SFA nitinol stenting. Even in
the assessment of SFA intervention outcomes, QVA
should be the gold standard method to which DUS
could be compared. Thus, the aim of this study was to
elucidate the optimal cut off values and accuracy of
duplex parameters for ISR on QVA basis after nitinol
stenting in the SFA.

METHODS
Study Population

A total of 74 in-stent SFA stenoses that were
detected by follow-up angiography between June 2008
and December 2010 were included in this retrospective
study. Follow-up angiography was performed 8.9 +
6.7 months (1-36) after original SFA intervention with
nitinol stent. The DUS examination was performed
<14 days before follow-up angiography. The reasons
for follow-up angiography were as follows: clinically
driven in 65% (48 limbs) and as a part of coronary or
other peripheral angiography in 35% (26 limbs). All
implanted nitinol stents involved the Smart (Cordis
Corporation, Miami, FL). Patients showing stent reoc-
clusion, including subtotal occlusion, were excluded
from this study.

Duplex Ultrasonography

DUS using a commercially available machine (Aplio
SSA-770A; Toshiba, Tokyo, Japan) was performed by
vascular technicians with extensive experience who
were blinded to other patient data. All patients were
examined in a supine position using a duplex scanner
with an 8-MHz transducer. The stented artery was
visualized using combined B-mode and color-Doppler
ultrasound. Once the stented segment was identified,
the Doppler signal was acquired at an angle of 60° or
as small as possible. Doppler spectral analysis
determined the highest PSV in the stented segment.
In addition, PSV was determined in the adjacent most
proximal area of the normal segment. PSVR was calcu-

Catheterization and Cardiovascular Interventions DOI 10.1002/ccd.

lated by dividing the highest PSV by PSV proximal to
the lesion.

Quantitative Vessel Analysis

Angiograms were obtained using the anteroposterior
and/or oblique view. To determine lesion severity,
QVA using an automated edge detection algorithm,
QCA-CMS (MEDIS: Medical Imaging Systems, Lei-
den, The Netherlands) was performed in a blinded
fashion (Fig. 1). A catheter tip placed at the common
femoral artery was not available as a calibration
method because the movement of the catheterization
table was required for angiographic evaluation for the
entirety of SFA lesions. It was, therefore, impossible to
calculate diameters of reference vessel, lumen, and
lesion length, and only percent diameter stenosis
(%DS) was calculated following the formula: in-stent
minimum lumen diameter divided by reference vessel
diameter due to the assumed vessel. If the entire SFA
was stented, then the control segment, which was eval-
uated against in-stent stenosis, was within a widely pat-
ent segment of the more proximal and/or distal stent.
Fifty percent diameter stenosis was considered signifi-
cant based on theoretical and experimental studies [8].
Indeed, angiographically detected lesions of 50% or
greater diameter stenosis have been historically consid-
ered a dichotomous event, “binary restenosis,” in the
field of cardiovascular intervention [9]. Thus, in this
study, ISR was defined as diameter stenosis >50%
within the stent.

Statistical Analysis

Continuous variables are presented as the mean =+
standard deviation. Data were analyzed using a com-
mercially available statistical package (SPSS version
18.0; SPSS). Regression analysis was performed to
investigate the correlation among continuous variables
such as %DS, PSV, and PSVR. Receiver operator
characteristic (ROC) curve analysis was performed to
calculate the sensitivity, specificity, predictive values,
and accuracy of DUS parameters and to determine the
optimal threshold for the detection of ISR. Statistical
significance was defined as P < 0.05.

RESULTS

Patient characteristics are shown in Table I. Limb
and lesion characteristics are shown in Table II. The
stented segments evaluated were located in the SFA as
follows: proximal segment in 34% (25), midsegment in
39% (29) and distal segment in 27% (20). Lesion
assessment in overlapped stents was included in 8%
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A D

Fig. 1. Quantitative SFA analysis. A: Nitinol stents implanted in the left SFA. B: Angiography

showing intimal hyperplasia in the stented SFA. Note the proximal and distal edges of the

nitinol stent (arrows). C: Automatically applied tracings show lumen contour (yellow lines)

and assumed vessel (red lines). D: Magnified view of minimum lumen diameter within the

stent. SFA: superficial femoral artery.
TABLE I. Patient Characteristics TABLE Il. Limb and Lesion Characteristics
Number of patients 55 Right/left 38/36
Age (years) 71 + 7 (57-86)  Ankle-brachial index 0.81 + 0.17 (0.35-1.13)
Male (n) 33 Total stent length (cm) 17 £ 7 (6-30)
Hypertension 43 (79%) Number of stents implanted 1.9 + 0.8 (1-3)
Dyslipidemia 28 (51%) Stent diameter (mm) 7.0 £ 0.3 (6-8)
Diabetes mellitus 36 (65%) Percent diameter stenosis (%) 53 £+ 18 (14-84)
Smoking 40 (73%) Peak systolic velocity (cm/sec) 246 + 130 (27-610)

(6). Mean %DS was 53 4+ 18% (range: 14-84). In
DUS parameters, mean PSV was 246 £+ 130 cm/sec
(range: 27-610) and PSVR was 4.11 £+ 2.75 (range:
1.1-12.7). In addition, %DS of >50% was observed in
57% (42).

There was a statistically significant (P < 0.001) lin-
ear correlation between “%DS and PSV” and “%DS
and PSVR,” and the correlation with %DS proved to
be stronger in PSVR (R = 0.720) than in PSV (R =
0.672). Polynomial correlations can be found in the
Supporting Information (Supplementary Appendix).
ROC curves, illustrating the accuracy of detecting in-
stent stenosis of 50% or greater, are shown in Fig. 2.
The two curves are virtually identical. The area under

Peak systolic velocity ratio 4.1 £2.8 (1.1-12.7)

the ROC curve (AUC) using PSVR was 0.908 (95%CI
0.841-0.975, P < 0.001), while AUC using PSV was
0.832 (95%CI 0.737-0.926, P < 0.001). A PSVR cutoff
value of 2.85 provided the best predictive value with a
sensitivity of 88%, a specificity of 84% and an accuracy
of 86%. The positive predictive value (PPV) was 85%
and the negative predictive value (NPV) was 88%.

DISCUSSION

To the best of our knowledge, this study is the first
to scrutinize the performance of DUS parameters for
the detection of ISR on a QVA basis in the stented

Catheterization and Cardiovascular Interventions DOI 10.1002/ccd.
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SFA. Our main findings were that (1) in-stent %DS
was better correlated with PSVR than PSV; (2) ROC
curves analysis showed that PSVR was more accurate
in detecting ISR than PSV; and (3) a PSVR of 2.85
provided the best predictive value of ISR with sensitiv-
ity of 88%, specificity of 84%, PPV of 85%, NPV of
88%, and accuracy of 86%.

Over two decades ago, Jager et al. [10] proposed a
system for classifying the degree of arterial stenosis in
the lower limbs based on the Doppler waveform shape,
the degree of spectral broadening, and the increase in
PSV within the stenosis. However, spectral broadening
was too subjective and the waveform shape was
affected by a variety of factors, including cardiac out-
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Fig. 2. Receiver operator characteristic curves for in-stent
restenosis. PSV: peak systolic velocity. PSVR: peak systolic
velocity ratio.

put and rhythm, resistance of the vascular bed, integ-
rity of the intima, and both proximal and distal disease
[11-13]. On the other hand, PSVR was found to be
more closely correlated with the degree of stenosis
than PSV [14]. Thus, increasing attention has been
paid to PSVR as an alternative index to angiographic
narrowing from a clinical standpoint. Enthusiastic vas-
cular specialists have addressed the relationship
between DUS and angiography, suggesting that, on an-
giography, 50% diameter reduction by “visual estima-
tion” is equivalent to a PSVR of 2.0-3.0 in the lower
limb artery, including the femoral artery, while there is
some possibility of having different cut off points of
PSVR in iliac, common femoral, superficial femoral,
popliteal, and crural arteries (Table III) [14—-18]; how-
ever, there has been no reliable evidence and validation
regarding the performance of DUS for “ISR.” Never-
theless, recent SFA studies have arbitrarily employed a
“PSVR of 2.0-2.5” for binary ISR after nitinol SFA
stenting. Thus, the determination of an optimal cut off
value for PSVR is required in the era of nitinol stent-
ing for SFA disease.

Previous studies of lower limb arteries have shown
that PSVR is a more accurate predictive parameter of
50% stenosis than PSV. The present study exploited
QVA to assess the stented SFA lesion more objectively
as QVA has been emerging even in the field of periph-
eral vascular intervention [21], and could corroborate
similar results in the stented SFA.

According to a recently published study [19], in
which the majority involved were de novo lesions (de
novo lesion in 97%, restenosis in 3%), a PSVR of 2.4
indicated 50% stenosis with sensitivity of 81%, speci-
ficity of 93%, PPV of 84%, and NPV of 91%. Most
recently, Baril et al. [20] reported for the first time the
performance of PSV and PSVR for only the stented
segment of the SFA, demonstrating that PSVR is more

TABLE lll. Comparison of the Performance of PSVR for 50% Stenosis in Native and Stented Femoral Artery

PSVR criteria

Native/ Denovo/ Application for 50% Sens. Spec. PPV NPV  Accura.
Author (year) Artery analyzed stented restenosis of QVA stenosis (%) (%) (%) (%) (%)
Polak et al. (1990) Femoropopliteal ~ Native Denovo No 2 88 95 NR NR 93
Legemate et al. (1991) Femoropopliteal Native Denovo No 25 65 97 69 96 94
Ranke et al. (1992) Tliac to femoral = Native Denovo No 2.4 87 94 94 88 NR
Leng et al. (1993) Femoropopliteal ~ Native Denovo No 3 70 96 95 74 NR
Aly et al. (1998) Femoral Native Denovo No 2 100 99 95 100 NR
Aly et al. (1998) Femoropopliteal =~ Native Denovo No 2 95 99 94 99 NR
Schlager et al. (2007)  Femoropopliteal ~Native (97%) Denovo and No 24 81 93 84 91 NR

and stented restenosis

(3%)
Baril et al. (2009) Femoropopliteal ~ Stented Restenosis No 1.5 93 89 96 81 NR
Present study Superficial Stented Restenosis Yes 2.85 88 84 85 88 86

femoral

Sens: sensitivity, Spec: specificity, PPV: positive predictive value, NPV: negative predictive value, Accura: accuracy, and NR: not reported.
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accurate than PSV, and a PSVR of 1.5 yielded sensitiv-
ity of 93%, specificity of 89%, PPV of 96%, and NPV
of 81% to predict ISR. Also in the present study,
PSVR yielded a better correlation with %DS than PSV.
These findings suggest that PSVR can provide better

Fig. 3. Representative sample of difference in %DS between
two analysis methods. Quantitative vessel analysis showed
that %DS was 48%; however, when stent diameter was the
reference diameter (white line), %DS was 65%. %DS: percent
diameter stenosis.

Velocity (cm/s)
300
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100

Fig. 4.

PSVR for ISR in the SFA E203
performance to correlate with angiographic narrowing
than PSV in stented as well as native SFA lesion
assessment. More importantly, ROC analysis in this
study reported a PSVR of 2.85 as the best cut off crite-
ria with sensitivity of 88%, specificity of 84%, PPV of
85%, and NPV of 88% (Table III). The application of
QVA for %DS in the present study clearly resulted in
a higher PSVR (2.85) than that (1.5) in a previous
study utilizing stent diameter as the reference diameter
[20]. Indeed, in the present study, the degree of steno-
sis could be objectively calculated based on an
assumed vessel automatically drawn in the QVA sys-
tem. However, if stent diameter could be the reference
diameter following the formula [(stent diameter — nar-
rowest in-stent lumen)/stent diameter x 100] used in
the previous study [20], %DS could be higher, as
shown in Fig. 3 and, consequently, the optimal PSVR
for ISR be lower.

Furthermore, the optimal cut off value of PSVR 2.85
in the present study also appears to be higher than in
previous nonstented studies. Various reasons can be
speculated for this difference in optimal PSVR between
stented and nonstented SFA. Implantation of a stent in
the SFA clearly alters arterial biomechanical properties
and the resultant stent—arterial complex could decrease
SFA compliance, therefore causing elevated PSV, even
in stenting with a normal lumen. In addition, because
plaque is not removed with stenting, residual plaque
outside the stent may contribute to decreased compli-
ance and elevated blood flow velocity (Fig. 4). Given
these findings, the traditional PSVR criteria of 2.0-2.5

Intimal hyperplasia

Velocity (cm/s)
300 |

200 |

100 -

lllustration showing the effect of differences in vessel compliance on flow velocity

between unstented and stented SFA. A: Unstented SFA, B: stented SFA. Stented SFA has less
compliance than an unstented SFA. Peak systolic velocity and the peak systolic velocity ratio
increased more in a stented SFA than in an unstented SFA despite the same degree of steno-

sis. SFA: superficial femoral artery.
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could overestimate the binary ISR rate compared to
angiographic evaluation from a QVA basis. As an
essential requirement for standardized assessment after
contemporary SFA intervention, we emphasize the
need to define optimal criteria for ISR in the era of
nitinol stenting for SFA disease.

LIMITATIONS

Several limitations need to be considered. First, the
design was retrospective in nature. Second, the cur-
rently available QVA system dedicated to coronary
intervention does not allow the measurement of diame-
ters of reference vessel, lumen and lesion length in the
SFA intervention, as mentioned above. Third, although
the present study involved only the Smart stent, a vari-
ety of nitinol stents with distinct. stent properties and
platforms might potentially yield a heterogenous cutoff
for PSVR. Fourth, in-stent subtotal reocclusion does
not necessarily represent high-velocity flow within the
stent. Fifth, a stented calcified vessel does not permit
clear visualization by DUS; thus, accessibility may dif-
fer for adequate Doppler sampling. Finally, little is
known about PSVR variability among operators,
machines, and institutions.

CONCLUSIONS

The present study indicated that a PSVR of 2.85
could be highly predictive of ISR from a QVA basis
after nitinol stenting. With agreement of the clinical
utility of DUS in the surveillance of nitinol SFA stent-
ing, further large prospective studies are required for
the validation and establishment of uniform criteria for
DUS parameters.
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Abstract

Aims: The primary patency of superficial femoral artery (SFA) stents is evaluated by measuring PSVR.
However, each trial uses a different definition of PSVR. We investigated the impact of changing PSVR
thresholds on the patency rates of SFA recanalisation with self-expanding nitinol stents.

Methods and results: A single-centre retrospective study was conducted. Between 2003 and 2006, 76 con-
secutive patients (83 limbs) were treated using nitinol self-expanding stents for SFA disease. Primary patency
was defined as categories 1 (PSVR <2.0), 2 (PSVR <2.4) and 3 (PSVR <2.85). The mean follow-up time was
51£27 months. For one, five, and seven years, Kaplan-Meier estimates for primary patency rates were 62.6%,
36.8%, and 27.6%, respectively, in category 1; 75.2%, 46.5%, and 37.1%, respectively, in 2; and 75.2%,
46.1%, and 46.1%, respectively, in 3. The primary patency between categories 1 and 3 (p=0.038) was signifi-
cantly different. No difference was observed between categories 2 and 3 (p=0.786), and a trend for differ-
ences was observed between categories 1 and 2 (p=0.069).

Conclusions: PSVR definition may influence the reported long-term patency rate of a SFA stent. We should
consider the definition of restenosis in each trial.
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Introduction

Trials to evaluate the use of newer nitinol self-expanding stents in
superficial femoral artery (SFA) disease are underway. In all trials,
primary patency was examined using duplex ultrasound (DUS).
However, the definition of primary patency was different in each
trial. For example, in the Zilver PTX clinical trial, the definition of
primary patency was a duplex peak systolic velocity ratio (PSVR)
of <2! and, in the DURABILITY I trial, the definition was a PSVR
of <2.5% At present, many trials are being conducted, and DUS is
employed for follow-up analyses. However, a different definition of
primary patency is used in each trial. We aimed in this study to
evaluate the impact of changing PSVR thresholds on the patency
rates of SFA recanalisation with self-expanding nitinol stents.

Patient population and methods

STUDY POPULATION

A single-centre retrospective study was conducted. Between 2003
and 2006, 76 consecutive patients (83 limbs) were treated using
nitinol self-expanding stents (SMART; Cordis Corporation, Miami
Lakes, FL, USA) for symptomatic SFA disease (Rutherford catego-
ries 2-5) that affected their quality of life in spite of exercise and
optimised medications®. The patients gave consent to a follow-up
DUS examination at Kishiwada Tokushukai Hospital. We excluded
patients who underwent stenting for restenosis and those who pre-
sented with acute limb ischaemia. The study protocol was designed
in accordance with the Declaration of Helsinki, and it was approved
by the ethics committee of our hospital. Written informed consent
was obtained from every patient.

PROCEDURE AND MEDICATION

Endovascular therapy (EVT) was performed percutaneously, mostly
using a crossover technique with a 6 Fr sheath. Prior to the inter-
vention, 5,000 units of unfractionated heparin were administered
to maintain the activated clotting time at more than 250 seconds.
A 0.014 inch or 0.035 inch guidewire was advanced and the lesion
crossed. An optimally sized balloon was employed and dilated. The
stent size was selected to be 1-2 mm larger than the diameter of the
reference vessel. Aspirin (100 mg/day) and clopidogrel (75 mg) or
ticlopidine (200 mg/day) were administered two days prior to the
procedure and were continued for at least one month.

FOLLOW-UP AND OUTCOMES

Patients received DUS within 30 days of the intervention and at six-
month intervals thereafter. Lesion patency was evaluated by DUS
examination.

High-resolution duplex scanning was performed on an ultra-
sound machine (Aplio; Toshiba Corporation, Tokyo, Japan) with a
7.5 MHz linear transducer by six investigators with at least two
years of experience in peripheral vascular duplex scanning. PSVR
was calculated by dividing velocity measured at the point of maxi-
mum stenosis by velocity in the closest adjacent normal vessel seg-
ment. The angle of incidence of the Doppler beam to the flow was
maintained at less than 60 degrees.

Impact of changing PSVR thresholds on SFA patency rates

Primary patency was defined by three categories. Category 1 was
defined as PSVR of <2.00, category 2 was defined as PSVR of
<2.40 and category 3 was defined as PSVR of <2.85!#3, The com-
plete absence of a detected signal was graded as a complete occlu-
sion. Primary patency was defined as no restenosis or repeat
revascularisation in the treated vessel.

STATISTICAL ANALYSIS

Statistical analysis was performed using SPSS (SPSS Inc., Chicago,
IL, USA). Data are reported as mean+SD. Time-dependent out-
comes were analysed using the Kaplan-Meier method and com-
pared using the log-rank test. A p-value <0.05 was considered
statistically significant.

Results

BASELINE CLINICAL AND LESION CHARACTERISTICS
Between 2003 and 2006, 76 consecutive patients (83 limbs) were
enrolled in this study. Patient characteristics are shown in Table 1.
The mean age of the patients was 72+8 years; 69% of patients were
male; 52% of patients had diabetes mellitus, and 17% of patients
were on dialysis. Lesion characteristics are presented in Table 2.
A total 0f 26.5% of lesions belonged to Rutherford categories 4 and
5. The average lesion length was 126+71 mm, and Trans-Atlantic
Inter-Society Consensus (TASC) II A, B, C, and D were 22.9%,
31.3%, 22.9% and 22.9%, respectively.

Table 1. Patient characteristics (n=76).

Male (%) 69
Age (yrs) 7218
Hypertension (%) 88
Diabetes mellitus (%) 52
Hyperlipidaemia (%) 69
Smoking (%) 69
Dialysis (%) 117
Coronary artery disease (%) 68
Renal artery stenosis (%) 9

Table 2. Lesion characteristics (n=83).

Rutherford category
1 0 (0.0%)

2 3(3.61%)
8 58 (70.0%)
4 8 (9.64%)
5, 14 (16.9%)
6 0 (0.0%)
Lesion length 126+71 mm
TASC Il 19 (22.9%)

26 (31.3%)
19 (22.9%)
19 (22.9%)
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