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Abstract

Purpose To compare the accuracy of C-arm computed

tomography (CT) and digital subtraction angiography

(DSA) in detecting incomplete stent expansion (ISE) after

superficial femoral artery (SFA) stenting using intravas-

cular ultrasound (IVUS) as a gold standard.

Materials Fifty patients with symptomatic SFA occlusive

disease requiring angioplasty were prospectively included.

Once technical success (\30 % residual stenosis) was ob-

tained on post-procedural DSA, C-arm CT and IVUS were

acquired. DSA and C-arm CT examinations were reviewed

by 2 investigators and correlated with IVUS. C-arm CT

image quality was rated on a four-point scale. Doppler

ultrasound was performed at 1-year follow-up.

Results The ankle-brachial index was 0.69 ± 0.10 and

0.99 ± 0.40, respectively, pre- and post-procedure. C-arm

CT imaging quality was rated as good or excellent in 80 %.

In-stent minimal luminal diameter (MLD) was evaluated at

4.71 ± 0.7 mm on DSA, 3.39 ± 0.6 mm on IVUS, and

3.12 ± 0.9 mm on C-arm CT. Compared to IVUS, DSA

demonstrated an overestimation of MLD (p = 0.0001), an

underestimation of ISE (DSA = 18.8 % ± 7.6; IVUS =

29.8 % ± 9) (p\ 0.0001), and a poor inter-technique intra-

class correlation coefficient (ICC = 0.24). No difference

was observed between IVUS and C-arm CT in ISE as cal-

culated by diameter (29.8 ± 9 vs. 28.2 ± 12.5 %, p = 0.5)

and area (30.2 ± 8.4 vs. 33.3 ± 9.5 %, p = 0.2). Inter-

technique ICC between C-arm CT and IVUS was 0.72

[95 %CI 0.49; 0.85] for MLA measurements. The inter-ob-

server ICC for MLD and MLA measurements on C-arm CT

were, respectively, estimated at 0.75 [95 % CI 0.40, 0.89]

and 0.77 [95 % CI 0.43, 0.90)].

Conclusions C-arm CT presents a better correlation with

IVUS than DSA to determine lumen diameter and ISE

immediately after percutaneous revascularization.

Keywords Peripheral vascular disease �
Revascularization � Imaging

Introduction

Percutaneous transluminal angioplasty (PTA) of femoro-

popliteal arteries offers an effective and minimally invasive

alternative to surgical bypass. Initially limited to focal and

short lesions, PTA is now routinely conducted and applied to

more extensively diseased segments [1]. Compared to PTA

alone, nitinol self-expanding stents used in the femoro-

popliteal region have lowered the rate of early restenosis and
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improved acute and long-term patency even for long and

complex lesions [2]. Stenting has resolved the issues of elastic

recoil and flow-limiting dissection seen during balloon an-

gioplasty alone [3]. However, stent under-deployment has

been reported as a cause of restenosis after stenting of both

iliac artery and SFA [4, 5]. Evaluation of stent expansion is

therefore important to optimize percutaneous interventions.

Digital subtraction angiography (DSA) is considered the

overriding image modality for angioplasty and stenting;

however, this technique underestimates stenosis severity [6,

7]. The inability of DSA to identify technical failure of PTA

is often related to the eccentricity of the lesions [7]. Unless

multiplanar angiographic views are used, DSA is of limited

value in optimizing stent deployment and apposition to

wall. Intravascular ultrasound imaging (IVUS) allows a

360-degree cross-sectional evaluation of the arterial lumen

and wall. Compared to DSA, IVUS accurately measures

cross-sectional stenosis severity and is more sensitive in

detecting and grading post-angioplasty dissections [5]. The

superiority of IVUS over DSA in detecting technical failure

following femoro-popliteal angioplasty has been estab-

lished in several reports [8, 9]. Studies have shown that stent

under-deployment can be corrected by further stent ex-

pansion based on IVUS findings [10]. Although IVUS

imaging may improve long-term patency rates, its routine

use in the catheterization laboratory is associated with in-

creased costs [11]. Advanced imaging modalities such as

C-arm computed tomography (CT) rotational acquisition

enable CT-like images of soft tissue [12]. Preliminary

clinical investigations have shown that C-arm CT offers

cross-sectional imaging of the arterial lumen, arterial wall,

and stent [13, 14]. We hypothesized that C-arm CT could

allow better evaluation of post-angioplasty/stenting results

than DSA by providing information similar to that for

IVUS. The goal of this study was to assess the ability of

C-arm CT images to document stent expansion and tech-

nical failure during femoro-popliteal interventions in com-

parison with DSA, using IVUS as a gold standard.

Methods

The institutional review board and local ethics committee

approved this Health Insurance Portability and Account-

ability Act (HIPAA)-compliant study. All participants gave

informed consent prior to their enrolment.

Patient Enrolment

This was a prospective comparative diagnostic study. Eli-

gible patients included those older than 30 years of age

referred for percutaneous revascularization of symptomatic

femoro-popliteal artery disease (Rutherford stage 3 or

more). All lesions treated in this study were classified as

TASC (transatlantic intersociety consensus) A, B, and C

lesions:[70 % obstruction or occlusion de novo or rest-

enotic lesions in the SFA, with a target lesion length

ranging from 5 to 20 cm [15]. Exclusion criteria included

acute critical limb ischemia, poor ipsilateral iliac or

femoral artery inflow, aneurysm in the target SFA lesions,

renal failure, known intolerance to study medication

(aspirin, heparin, nitinol, anticoagulant, and clopidogrel),

or contrast agents.

A total of 54 % (27) of patients were also enrolled in

another ongoing blinded randomized trial evaluating the

effect of external beam radiation for the prevention of stent

restenosis after femoral-popliteal stenting RXTX study

(http://www.controlled-trials.com/ISRCTN74370657).

Under this protocol, patients were randomized to con-

ventional angioplasty and stenting followed or not by ex-

ternal beam radiation 24 h after stenting to prevent

restenosis. A total of 28 % of our patients actually received

external radiotherapy. Finally, three patients previously

stented were enrolled because in-stent stenosis was

suspected.

Angioplasty/Stenting Procedure

Self-expandable Nitinol stents (Smart stent, Cordis Cor-

poration, Warren, NJ, USA) were deployed under fluoro-

scopic guidance through a 6-F introducer sheath either

before or after conventional balloon angioplasty. Stents

were oversized by 1 mm in comparison with the reference

diameter, while PTA balloon diameter was equivalent to

the SFA reference diameter. A maximum of two stents

were implanted per patient. Patients presenting with in-

stent restenosis underwent either angioplasty or additional

stenting. All patients received intra-arterial heparin boluses

(3000–5000 U) at the time of the procedure. Following

revascularization, patients under the RXTX protocol were

given both clopidogrel and aspirin for 12 months, whereas

patients enrolled outside the RXTX study received clopi-

dogrel and aspirin for 3 months.

Per-procedure Technical Assessment

DSA was performed before and after angioplasty and

stenting, and aimed at achieving technical success as rec-

ommended in the guidelines of the Society of Interven-

tional Radiology (less than 30 % residual stenosis) [16].

Two views were systematically performed, an anteropos-

terior and an additional right or left anterior oblique pro-

jection (at the discretion of the operator) to better depict
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residual stenosis and stent expansion. After stenting, all

patients underwent IVUS and C-arm CT evaluation. In the

presence of residual stenosis greater than 50 % on IVUS,

further angioplasty or additional stenting was performed if

possible. Then, final DSA, C-arm CT, and IVUS were

repeated.

Image Acquisition and Segmentation

DSA acquisition was performed using the recognized

standard of practice [17]. Quantitative analyses of the

baseline and post-angioplasty DSA acquisitions were per-

formed by an independent core laboratory (angiography

core lab at the Montreal Heart Institute) with automatic

edge detection software (Medis, Leiden, NL). This soft-

ware automatically calculates the minimal lumen diameter

(MLD), mean diameter, and percent diameter stenosis [18].

IVUS evaluation was performed using 20 MHz cathe-

ters and an In-Vision Gold imaging unit (Volcano

Therapeutics, San Diego, CA) with an automated pullback

speed of 1 mm/s. A 3D automatic segmentation of the stent

and its margins were performed on IVUS images using

software developed and validated by our group [19]. The

quality of segmentation was assessed visually in all pa-

tients on each cross-section and corrected manually when

necessary.

C-arm CT image acquisition (Artis, DTA, Siemens,

Forchheim, Germany) was performed using an 8-s digital

radiography acquisition with a 2-s delay between injection

and start of acquisition. 35 ml of contrast solution (10 ml

Visipaque 270 mixed with 25 ml saline 0.9 %) was in-

jected through the arterial sheath at 3.5 ml/s for 10 s.

Segmentation of stent lumen and stent margins (15 mm

proximal and distal to the stent) on C-arm CT images was

performed independently on a specialized workstation

(Object Research System, Montreal, Quebec, Canada) with

semi-automatic software by two observers blinded to IVUS

and DSA results.

The quality of DSA, IVUS, and C-arm CT images was

rated by 2 independent investigators on a four-point scale:

1 Excellent, 2 Good, 3 Fair, and 4 Poor.

One-year Follow-up

Clinical assessment (before and 1 year after the interven-

tion) included physical examination, symptom evaluation

using the Rutherford classification, ankle-brachial index

(ABI) measurements, and the walking impairment ques-

tionnaire. Adverse events were evaluated at baseline, 6 and

12 months post-intervention. Doppler ultrasonography of

the treated lesions was performed for all patients at

6 months and 1-year post-angioplasty by experienced ra-

diologists, blinded to the results of the other imaging

modalities.

Study Endpoints

The primary endpoint of this study was incomplete stent

expansion (ISE) at the end of the intervention assessed by

minimal lumen diameter (MLD) and minimal lumen area

(MLA) on DSA, IVUS, and C-arm CT images. Calcula-

tions of MLD, and ISE were compared between the 3

techniques and MLA between IVUS and C-arm CT.

ISE was determined by comparing the minimal stent

dimension with the mean expansion of the stent in diameter

(1-stent MLD/mean stent lumen diameter) and area (1-stent

MLA/mean stent lumen area) as previously reported in

remodeling studies (Fig. 1) [20]. This endpoint was then

referred as stent ISE.

To minimize blooming artifacts due to stent edge, ref-

erence segment morphometry was evaluated in a 10-mm

segment with a 5-mm margin proximal and distal to the

stent. Again MLD (DSA, IVUS, and C-arm CT) and MLA

(IVUS, C-arm CT) were calculated in the reference seg-

ments [21]. Finally, in-stent stenosis (ISS) was also cal-

culated using the proximal and distal reference segments

with the following formula in diameter (1-(stent MLD/

mean proximal reference ? mean distal reference lumen

diameter)/2) and area (1-(stent MLA/mean proximal ref-

erence ? mean distal reference lumen area)/2).

Other secondary endpoints were the evaluation of clin-

ical success and stent patency at Doppler ultrasound ex-

amination after 1 year of follow-up. Patency was assessed

by Doppler examination using the following criteria: 1.

Stent thrombosis: the absence of duplex signal inside the

stent; 2. in-stent stenosis of more than 50 %: peak systolic

velocity (PSV) ratio of more than 2 in the area of greatest

stenosis, when compared to the proximal and distal refer-

ence segment; and 3. Stent patency defined as freedom of

restenosis and thrombosis [22].

Statistical Analysis

Patient variables were expressed as mean ± standard de-

viation for continuous variables. Descriptive statistics of

the main study parameters in the stented (MLD, MLA, and

ISE) and reference segments (MLD, MLA) were presented

for each imaging technique as well as for the difference

between imaging techniques. Differences between DSA,

IVUS and C-arm CT parameters were determined by

paired t test and inter-technique intra-class correlation co-

efficient (ICC). Inter-observer agreements between two

observers for C-arm CT analyses were evaluated by ICC.
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Agreement on C-arm CT image quality between the two

observers was evaluated with the Kappa statistic.

Technical failure was defined as stent ISE greater than

30 %. The ability of C-arm CT and DSA to detect technical

failure as determined by IVUS was evaluated by calculat-

ing sensitivity and specificity with 95 % confidence inter-

val. Receiver operating characteristic (ROC) curves were

generated for the detection of 30 % stent ISE by diameter

and 50 % by areas (50 % surface reduction roughly cor-

responds to 30 % diameter reduction).

Inter-technique accuracy was also evaluated by Bland–

Altman analysis [23, 24].

The relationship between stent ISE and 1-year patency

was assessed using paired t test. We used multiple logistic

regression analysis to stratify for the confounding factor

‘‘radiotherapy arm’’ in patients who were also enrolled in

the RXTX trial. Statistical significance was set at p\ 0.05.

All statistical analyses were performed with SAS 9.2. (SAS

Institute Inc., Cary, North Carolina, USA).

Results

Clinical Characteristics

Fiftypatients (34males/16 females, aged65.4 ± 8.6 years)with

symptomatic lesion of the superficial femoral artery were en-

rolled, including 74 % stenotic and 26 % chronic occlusion le-

sions. Themean lesion lengthwas evaluated at 52.2 ± 42.2 mm

on DSA. Patient characteristics are shown in Table 1. Most pa-

tients (47) underwent angioplasty and stenting of the SFA; three

patients who presented with intra-stent restenosis underwent

angioplasty alone (one patient) or additional stenting (two pa-

tients). Among patients (43/50) where final DSA showed less

than 30 % residual stenosis by diameter, two had additional

angioplasty and re-stenting based on significant in-stent stenosis

found during post-procedural IVUS examination.

The mean ABI improved from 0.69 ± 0.10 to

0.99 ± 0.40 after the procedures. One-year follow-up data

were obtained for all enrolled patients with a mean follow-

up period of 12.6 ± 1.6 months. Mean ABI was still

improved at 1-year follow-up (0.90 ± 0.06) compared to

baseline. The mean walking distance remained slightly but

significantly improved (298 ± 125 m at baseline vs.

332 ± 93 m at 1 year; p\ 0.02). Positive Doppler criteria

of stent stenosis or occlusion were present in 28 % of pa-

tients (14/50) at one-year follow-up and 6/50 patients

(12 %) had stent occlusion. Interestingly, these six patients

presented either a stent fracture (two patients) or clopido-

grel non-adherence (four patients).

Image Quality

C-arm CT image quality was rated as excellent in 62 %,

good in 18 %, and fair in 20 % of cases by the first ob-

server, with a very good agreement between both observers

(Kappa = 0.85 (p\ 0.001), 95 % CI 0.67, 0.96).

MLA

D1

Prox.ref

10mm

Dist.ref

10mm

Stented segment

D2 D3 D4 D5 D6

Atherosclerotic plaque 

Fig. 1 Morphometry analyses:

D1 proximal reference mean

lumen diameter; D2 proximal

reference minimal lumen

diameter (MLD); D3 intra-stent

mean lumen diameter; D4 intra-

stent MLD; D5 distal reference

MLD; D6 distal reference mean

luminal diameter; MLA minimal

lumen area; MLD minimal

lumen diameter

Table 1 Patient characteristics at baseline (n = 50)

Age (years) 65.4 ± 8.6

Male sex % (n) 68 (34)

Fontaine classification

0–2 % (n) 84 (42)

3–4 % (n) 16 (8)

Duration of disease (years) 3.4 ± 4.1

Dyslipidemia % (n) 76 (38)

Coronary artery disease % (n) 38 (19)

Diabetes mellitus % (n) 36 (18)

Hypertension % (n) 78 (39)

Current or former (\10 years) smoker % (n) 58 (29)

Body mass index (kg/m2) 27.7 ± 4.2

6-Min walking test

Total walking distance (meters) 298 ± 125

Total walking distance\300 m % (n) 38 (19)

Walking Impairment Questionnaire Subscale (%)

Pain 74 ± 31

Walking distance 21 ± 20

Walking speed 29 ± 23

Stair climbing 37 ± 23

Clinical profile of patient population. Walking Impairment Ques-

tionnaire subscale according to [34]
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Blooming artifacts related to stent markers were frequently

observed at stent extremities.

Evaluation of Stented Segment

Stent length was estimated at 99 ± 55, 101 ± 46, and

108 ± 47 mm, respectively, on IVUS, C-arm CT, and DSA

(p = 0.53). When compared with IVUS examination, in-stent

MLD was overestimated on DSA by more than 39 % (DSA:

4.71 ± 0.70 mm vs. IVUS: 3.39 ± 0.60 mm; p\ 0.0001),

whereas less than 10 % underestimation was observed on

C-arm CT for MLD (3.11 ± 0.9 mm; p = 0.1) and MLA

(p = 0.4,Table 2; Fig. 2). The average absolute differences of

MLD between IVUS and DSA and between IVUS and C-arm

CT were, respectively, 1.3 mm [95 % CI 0.27; 2.33] and

0.28 mm [95 % CI -1.75; 1.20] (Fig. 3A, B). ISE was sig-

nificantly underestimated on angiography as compared to

IVUS (DSA: 18.8 ± 7.6 % vs. IVUS: 29.8 ± 9.0 %;

p\0.0001). No difference in ISE was observed between

IVUS and C-arm CT as calculated by diameter (29.8 ± 9 vs.

28.2 ± 12.5 %, p = 0.5) and area (30.2 ± 8.4 vs.

33.3 ± 9.5 %, p = 0.2). C-armCTprovided gooddelineation

of structural details of plaque and stent struts (Figs. 4, 5).

Inter-technique and Inter-observer Agreement

Inter-technique ICC between C-arm CT and IVUS was

estimated at 0.72 [95 % CI 0.49, 0.85] for MLA and 0.62

[95 % CI 0.4, 0.77] for MLD. Lesser agreement was ob-

served between IVUS and DSA with an ICC value of 0.24

for MLD [95 % CI 0.06, 0.60].

The inter-observer ICC for C-arm CT was calculated at

0.75 [95 % CI 0.40, 0.89] for MLD and 0.77 [95 % CI

0.43, 0.9] for MLA.

Reference Segment Evaluation

In contrast to stented segments, MLD of reference seg-

ments by DSA and IVUS was similar. An underestimation

of MLD was observed for C-arm CT for both proximal and

distal reference segments in comparison with IVUS

(p B 0.002, Table 3).

Table 2 Comparison of multimodality morphometry analyses for SFA stented regions

DSA IVUS C-arm CT DSA vs

IVUS (p value)

C-arm CT versus

IVUS (p value)

MLD stent (mm) 4.71 ± 0.70 3.39 ± 0.60 3.12 ± 0.90 \0.0001 0.1

MLA stent (mm2) – 11.73 ± 4.00 11.03 ± 4.10 – 0.4

ISE stent (diameter %) 18.8 ± 7.6 29.8 ± 9.0 28.2 ± 12.5 \0.0001 0.5

ISE stent (area %) – 30.2 ± 8.4 33.3 ± 9.5 – 0.2

MLD minimal lumen diameter, MLA minimal lumen area, ISE incomplete stent expansion calculated in diameter and in area; Values are

expressed as mean ± SD

Fig. 2 Patient with DSA,

C-arm CT, and IVUS evaluation

following angioplasty and

stenting. A On DSA, incomplete

stent expansion (ISE) was

evaluated at 8 %; B stent under

deployment is clearly present

(arrow) on the C-arm CT

coronal depiction. ISE was

evaluated at 26 % on C-arm CT

(D) and 25 % on IVUS (C)
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Technical Failure Detection

DSA and C-arm CT (two observers) had similar accuracy

in detecting technical failure (ISE[30 %) as observed on

IVUS (DSA: 0.70 vs. C-arm CT: 0.60) with a better sen-

sitivity of C-arm CT (DSA = 31.6 % vs. C-arm

CT = 57.9 %) but a lower specificity (DSA = 100 % vs.

C-arm CT = 74.1 %) (Table 4).

Fig. 3 Bland–Altman plot.

A Difference in MLD

measurements between IVUS

and DSA. B Difference in MLD

measurements between IVUS

and C-arm CT. Note continued

lines are 95 % confidence

intervals for the difference in

measurements. MLD minimal

lumen diameter
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Links with Clinical Outcomes

There were no differences in ISE, MLD, and MLA as

measured post-procedure among patients with patent stent

and those presenting with restenosis or thrombosis on

Doppler ultrasound at 1-year follow-up (Table 5). Analyses

were adjusted for the radiotherapy factor. Binary logistic

regression analyses for patency assessment at 1 year by

Doppler did not show a significant effect of radiotherapy in

our model (OR 0.18 p = 0.29).

Fig. 4 C-arm CT evaluation of stent apposition. DSA post-SFA

stenting (A, B) showing an ISE estimated at 26 % (arrow).

Corresponding C-arm CT coronal (C) and multiple 2D axial

reformations along the stent axis demonstrated an ISE estimated at

49 % (D). It is possible to observe the relationships between stent

lumen, soft, and calcified plaque on IVUS (E)

Fig. 5 Blooming artifact. A and B Patient presenting with in-stent

restenosis who underwent angioplasty and stenting. C and D DSA

after additional stenting showing adequate stent expansion. E Severe

blooming artifact impairing lumen analysis at the level of distal

markers of the first stent (zone of stent overlap). F Complete stent

expansion is seen on corresponding IVUS acquisition

Table 3 Comparison of multimodality morphometric analyses for proximal and distal SFA reference segments

DSA IVUS C-arm CT DSA versus

IVUS (p value)

C-arm-CT versus

IVUS (p value)

Proximal reference MLD (mm) 4.04 ± 0.96 4.30 ± 0.80 3.67 ± 1.05 0.1 0.001

Proximal reference MLA (mm2) / 17.75 ± 6.6 17.64 ± 7.2 / 0.9

Distal reference MLD (mm) 4.39 ± 0.90 4.35 ± 0.80 3.71 ± 1.08 0.8 0.002

Distal reference MLA (mm2) / 15.90 ± 6.10 15.03 ± 6.10 / 0.4
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Discussion

There has been a remarkable increase in the number of

SFA endovascular revascularizations performed annually

over the last decade, due essentially to advancements in the

development of second and third generations of nitinol

stents [25–27]. Because stenting is subject to complex and

varied mechanical stresses in long and calcified

atherosclerotic lesions, detecting technical failure after

stenting remains challenging. In-vitro testing and pre-

liminary clinical investigation have shown that C-arm CT

offers cross-sectional imaging of the arterial lumen, arterial

wall, and stent [13]. C-arm CT is capable of visualizing

small Nitinol stents with low radio opacity and strut di-

ameters of 70 lm [28].

In the present study, C-arm CT was compared for the

first time with DSA, using IVUS as a gold standard during

SFA stenting. C-arm CT and IVUS provided concordant

data on MLD and MLA measurements inside the stent. Our

data are consistent with previous work [10] showing an

overestimation of in-stent MLD for DSA compared to

IVUS. This discrepancy may be accounted for by the

availability of cross-sectional images obtained from C-arm

CT and IVUS, thus providing the best defined plane to

identify the MLD in contrast to only two cranio-caudal

projections acquired routinely at the end of the procedure

on DSA examinations. This fact may also explain why our

results showed more ISE with IVUS and C-arm CT than

with DSA.

The underestimation of the reference segment MLD

observed on C-arm CT could be explained by blooming

artifacts at the level of edge stent markers (see Fig. 5).

However, this discordance was not observed between

C-arm CT and IVUS for measurements of the reference

segment MLA. One of the major drawbacks of the C-arm

CT evaluation was indeed the blooming artifacts, espe-

cially at stent extremities (radio-opaque markers). This

artifact can generate a thickening of stent struts and arti-

ficially minimize MLD, which could explain the loss of

specificity of C-arm CT in this study.

The restenosis rate (approximately 30 % at 1 year) ob-

served in this study is in accordance with prior observa-

tions [29] which showed that self-expanding nitinol stents

translate into a substantial benefit. However, the follow-up

period of 1 year is not sufficient to properly evaluate in-

stent restenosis [30–32]. No link was observed between

ISE and stent patency at 1 year, and 66.7 % of patients

presenting with stent thrombosis discontinued clopidogrel

before 1 year of follow-up. Thus, adherence to medication

may be a confounding factor that could have influenced the

occurrence of in-stent stenosis or thrombosis.

Radiation exposure remains an important issue for C-arm

CT. Substantial changes have been made in C-arm CT

technology with the aim of reducing radiation doses. With a

rotation time of 8 s (the protocol used in our study), the

amount of radiation is similar to a biplane DSA during a

cerebral angiogram (9 mGy) [33]. However, improving

clinical imaging protocols as well as rotation time may re-

duce radiation doses. In this setting, a compromise between

image quality and dose needs to be defined.

The main limitations of this study are its small sample

size and the absence of long-term follow-up. Thus, we

have observed a low restenosis rate but we cannot draw a

definitive conclusion about the link between in-stent MLD

and ISE and long-term patency. We also decided to

evaluate ISE by comparing MLD or MLA within the stent

with mean stent diameter or area (instead of reference

segments outside the stent). This approach was selected to

estimate homogeneity of stent expansion and take into

consideration self-expandable stent oversizing that will

artificially over-expand the stented segment. This ap-

proach is more sensitive in detecting areas of stent under

expansion caused by calcified plaques just after deploy-

ment. Finally, in our work, 54 % of patients were also

enrolled in a study investigating the efficacy of external

beam radiation on restenosis. This may have lowered the

occurrence of stenosis and occlusion and minimized the

clinical impact of C-arm CT findings in comparison to

conventional DSA.

In conclusion, this is the first study showing the clinical

feasibility of C-arm CT imaging to assess technical success

after femoro-popliteal stenting. The first correlation ana-

lysis between IVUS and C-arm CT is encouraging, with

high inter-technique correlation for in-stent MLD, MLA,

and ISE. Thus, C-arm CT could replace IVUS to analyze

these endpoints in particular for research studies.

Table 4 Sensitivity, specificity

and accuracy of DSA and C-arm

CT for detecting ISE greater

than 30 % on IVUS

DSA C-arm CT (observer 1) C-arm CT (observer 2)

Sensitivity % [CI 95 %] 31.6 [0.12–0.56] 42.1 [0.20–0.66] 57.9 [0.35–0.80]

Specificity % [CI 95 %] 100 [0.88–1] 74.1 [0.53–0.88] 63.0 [0.44–0.81]

Accuracy 0.70 [0.58–0.84] 0.60 [0.46–0.75] 0.60 [0.45–0.75]

CI 95 % 95 % confidence intervals
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