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Abstract

Objective—To explore the relationship between gender, native artery diameters and outcomes of 

stent revascularization in the Claudication: Exercise versus Endoluminal Revascularization 

(CLEVER) trial.

Methods—A comparative analysis was performed of the impact of gender, age, weight, height, 

body mass index, and body surface area, on revascularization outcomes at baseline and 6 months 

in 55 arterial segments of aorta, common iliac and external iliac (EIA) arteries.

Results—Women demonstrated smaller diameter of the EIA. However, the clinical outcomes of 

revascularization were not negatively affected by the gender-based differences.

Conclusion—Gender-based differences are unlikely to significantly impact outcome of stent 

revascularization.
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1. INTRODUCTION

Many previous reports suggest that gender correlates with the outcome of several peripheral 

artery revascularization procedures such as percutaneous endovascular, surgical bypass and 

endarterectomy procedures.1-6 In particular, localization of disease to the external iliac 

artery has been reported by some to be a significant predictor of poor outcomes in women 

after iliac angioplasty and stent placement.2,5,6 In patients with coronary artery disease 

undergoing revascularization procedures, the potential explanation for poorer outcome in 

women has been the smaller diameter of coronary artery in women.7-13 However the data 

describing impact of gender based on peripheral arterial interventions lacks a strong 

evidence14 and is also quite limited.2,6,15-17

We utilized the database from the “Claudication: Exercise versus Endoluminal 

Revascularization” (CLEVER) study, which provided an opportunity to carefully measure 

native artery diameters and outcomes of revascularization by gender with the intent to assess 

if the diameter of iliac arteries were smaller in women and/or female gender and was this 

associated with a worse outcome after endovascular treatment. This analysis used only those 

patients who were randomly assigned to have undergone aortoiliac artery revascularization 

i.e.; the Stent Revascularization (ST) group in CLEVER trial cohort and these arteries were 

measured using quantitative vessel analysis. While the study sample is small; very well 

characterized subjects from the prospective, randomized trial permitted a careful analysis to 

be performed.
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2. MATERIALS AND METHODS

2.1. STUDY POPULATION

The enrollment criteria, protocol design, subject, demographics and baseline characteristics 

of the CLEVER trial have been previously published. 18-20 As noted above, this study 

represents an analysis of the data derived only from the stent revascularization (ST) group. 

This group of patients, although enrolled based on noninvasive vascular testing, had all 

undergone catheter angiograms prior to endovascular treatment, which was performed 

according to the CLEVER study treatment protocol. For each participant, pre- and post- 

intervention images were obtained and sent to the Vascular Disease Research Center at 

Rhode Island Hospital for analysis, which was done using the QVA module of the Medis 

QAngio XA 7.1 software package (Leiden, the Netherlands). Previous studies have 

comparably utilized this system for various peripheral vascular anatomies and have 

confirmed its validity for vessel measurements.21,22

Arteries were grouped and analyzed by segment (e.g., common and external iliac artery). To 

analyze the arteriograms, the reader calibrated the system using the known diameter of the 

catheter (figure 1). Next, reference diameters were measured from regions proximal to the 

target lesions. The reference areas were plaque-free. Lastly, the diameter and length of 

stenosis were measured prompting the Medis QVA system to automatically calculate the 

percent stenosis, plaque symmetry, and vessel area. If a calibration was not possible due to 

catheter diameter being too small or if an image was received from a site that was not 

formatted correctly, calipers were visually placed on the normal vessel maximal diameter. If 

the vessel segment was occluded or stenotic throughout its length, the contralateral vessel of 

the same segment was used as a proxy. These measurements served as variables in our 

statistical analysis. These methods were consistent for all subjects and for all images pre- 

and post- stenting. In two cases, subjects 105-159 and 105-154, an additional bifurcation 

analysis was performed due to lesions that involved the aortoiliac bifurcation.

Revascularization outcomes were defined pre hoc and included variables such as the ankle-

brachial index (ABI), and change in both claudication onset time (COT) and peak walking 

time (PWT) between baseline and 6 months. At baseline, all subjects walked ≥ 2 minutes 

and <11 minutes using the Gardner-Skinner graded treadmill protocol. The COT was 

defined as the time at which subjects first reported symptoms of claudication. The PWT was 

defined as the length of time a subject was able to walk before claudication forced him/her 

to rest. The resting ABI was measured pre-exercise with subjects prone for 5 minutes. The 

post-exercise ABI was measured immediately after exercise, and then at 2, 4, 6, 8, and 10 

minutes post-exercise.

Subjects were followed up to 6 months post-stenting. The follow up included a brief 

physical exam, assessment of any adverse events, ABI/thigh BI, biochemistry samples, 

treadmill test, 7 day electronic step monitoring, health cost data collection, quality of life 

questionnaires, independent exercise assessment, concurrent medication updates, and 

cilostazol dispensation. The protocol did not include any specific imaging studies to capture 

restenosis of the stents.
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2.2. STATISTICAL ANALYSIS

The artery segments used in the analyses were the aorta, common iliac artery (CIA) and 

external iliac artery (EIA). An independent sample t-test was used to assess the difference in 

artery diameter with respect to the gender. Descriptive statistics were calculated for artery 

segment diameters, age in years, gender, weight, height, body mass index (BMI) and body 

surface area (BSA). An independent sample t-test was conducted to compare the reference 

vessels diameter, age, weight, BMI, BSA and height between males and females. These 

baseline variables were correlated with artery diameter and outcomes of revascularization. 

Statistical analyses were done using SPSS (Statistical Package for Social Sciences; version 

16.0, Illinois, USA).

Correlations were conducted using the Spearman correlation to investigate the relationship 

among variables. Linear regression analysis was performed taking into account sex as an 

independent variable and was regressed against the reference vessel diameters of aorta, CIA 

and EIA. Then the independent variables (age, gender, weight, height, BMI and BSA) were 

put (in a step-wise fashion) into a multiple linear regression and were analyzed against the 

dependent variable (which was arterial reference diameter). Revascularization outcome 

variables such as ankle-brachial index (ABI), claudication onset time (COT), and peak 

walking time (PWT) at baseline and 6-months were analyzed in a multiple linear regression 

against the reference vessel diameters and other baseline variables. Various models were 

created to assess the variance in arterial diameters based on the independent variables. P-

values <0.05 are considered statistically significant. As these analyses are exploratory in 

nature, no adjustments for multiple comparisons were done.

3. RESULTS

All stents were successfully placed in the ST group. This study included a total of 39 

subjects (mean age 63.9 ± 10.6 (s.d.) years; 13 females) from the CLEVER stent 

revascularization (ST) cohort who had angiograms that were available for analysis. The 

numbers of arterial segments treated were as follows: 1 aorta, 19 right common iliac arteries, 

8 right external iliac arteries, 20 left common iliac arteries, and 7 left external arteries. The 

mean lesion length was 3.9±3.4 cm and mean stenosis pre-procedure was 83±19%. For each 

subject, the diseased arterial segment(s) was (were) measured and analyzed to define the 

percent stenosis per the CLEVER protocol. While each subject had five arterial segments – 

the aorta, the left and right CIAs, and the left and right EIAs only 55 segments in 39 subjects 

were actually diseased and targeted for analysis. Reference diameters were obtained from 

areas proximal to the lesions within the same vascular segment in all but 9 target segments 

which required contralateral measurement of the same segment to serve as a proxy 

reference. Automatic calibration using the Medis QVA system was achieved for 30 

segments while manual calibration was required for 21 segments. The remaining four 

segments belong to the three subjects and required visual stenosis estimation. Descriptive 

statistics are shown in table 1. The reference vessel diameters for the aorta, common iliac 

and external iliac arteries (expressed as mean ± SD in mm) were 17.42 ± 3.94, 9.79 ± 2.40 

and 6.96 ± 2.11, respectively
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There was trend toward larger EIA diameters in males compared with females (mean 7.50 ± 

2.14 vs 5.81 ± 1.61 mm (p= 0.080). The aorta and CIA diameters were not different between 

males and females. The revascularization outcomes (ABI, COT and PWT changes from 

baseline to 6 months) between males and females are shown in table 1.

Spearman correlations were done to assess bivariate correlations between these variables 

(Table 2). There was statistically significant positive correlation between gender and EIA 

diameter (r = 0.392, p= 0.035). A marginally significant correlation was observed between 

gender and CIA diameter, r = 0.266, p= 0.051. There was no other variable that was 

statistically correlating with reference vessel diameters although age showed marginal 

significant positive correlation with CIA diameter, r = 0.265, p= 0.052. Simple linear 

regression was done to assess the influence of gender on reference vessel diameters of aorta, 

CIA and EIA (not shown in table). The result of the regression indicated that gender 

explained each 0.1% variance in aorta diameter (β = 0.029, t = 0.176, p = 0.861), 5.9% 

variance in CIA diameter (β = 0.243, t = 1.524, p= 0.136) and 14.6% variance in EIA (β = 

0.381, t = 1.846, p = 0.080). Multiple linear regression was done using the baseline variables 

of age, weight, height, BMI, gender and BSA to test the ability of these variables to predict 

the diameters of the aorta, CIA and EIA. None of these models indicated more statistical 

significance than the univariate models.

There was a significant strong positive correlation between the CIA diameter with ABI at 6 

months (r = 0.440, p = 0.003). COT at baseline and age (r = 0.276, p = 0.045) and COT at 

baseline and BMI (r = 0.388, p = 0.007) were positively correlated. PWT at 6 months had 

negative correlation with age (r = −0.407, p = 0.006), weight (r = −0.409, p = 0.005) and 

BSA (r = −0.375, p = 0.010). Similarly, negative correlations were observed for the COT at 

6 month with age (r = −0.346, p = 0.017), height (r = −0.394, p = 0.007) and BSA (r = 

−0.352, p = 0.015). For ABI (at baseline and 6 month), COT (at baseline and 6 month) and 

PWT (at baseline and 6 month), we found that in multiple linear regression CIA diameters 

explained 47.4% of the variance in ABI change from baseline to 6 months (β = 0.474, p = 

0.035). The other models failed to explain any variance.

4. DISCUSSION

Our analysis demonstrates the presence of sex-based differences in baseline iliac artery 

diameters, with a clear sex-based diameter difference in the external iliac arteries of female 

and male patients with atherosclerotic lower extremity PAD but no outcome difference. 

These data, measured with precision in a limited study cohort, may seem to be marginal, and 

in this sample was not associated with some differences in post-endovascular outcomes. The 

external iliac artery diameters were smaller by an average of 1.69 mm in females compared 

to males.

The effects of various factors on arterial diameter, have been well established in many 

vascular territories, such as the carotid23-25, coronary26,27 and brachial arteries28, but have 

not been well characterized in the abdominal and lower extremity vascular beds.29-34 In the 

carotid arteries, the major cardiovascular risk factors (smoking, hypertension, and 

cholesterol levels) are inversely related to the diameter of the internal carotid artery25 and 
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male sex is associated with a larger diameter.24 In both carotid and coronary arteries, this 

plaque burden is directly correlated with larger luminal diameters.25-27

In our study, regression analysis indicated that sex explained 0.1% of the variance in aorta 

diameter and 5.9% of the variance in common iliac diameter, although these trends were not 

statistically significant in this small cohort, and thus these findings should be considered 

hypothesis generating, and worthy of evaluation in future investigations. Previous studies 

have reported an inconsistent correlation between sex and aortic diameters.30,32-34

These studies have generally used ultrasound measurements in a healthy population and may 

not be relevant once severe atherosclerotic disease is manifest. The sex based differences in 

aortic diameter in prior studies has been reported to be between 0.23 cm and 0.35 cm. These 

are diameter differences that could well influence outcomes in larger endovascular treatment 

cohorts.

Multiple linear regression analysis of other variables did not show a significant influence of 

other variables (age, height, weight, BMI and BSA) on the baseline artery diameters. 

However, the highest variance (19%) was noted between the BMI and BSA measurements 

and aortic diameter. This finding is similar to previously reported publications that have 

documented statistically significant, but small effects for all of these variables on the 

diameter of vessels.30-34 The CIA and EIA did not show significant variance with any of the 

variables in our study.

The impact of these arterial diameter distinctions has not been well-described in past studies. 

Some prior studies have described lower patency rates after revascularization of the EIA 

particularly in women.35-39 Smaller vessel diameter has been suggested as a possible reason 

for decreased patency rates in female patients, but this relationship is not certain.35-37,40-43 

In addition to smaller iliac artery diameters in women, social factors exist that may also 

contribute to differential outcomes. For example, operator preference for smaller devices to 

accommodate smaller caliber vessels is also considered to be one of the contributing 

factors.2 The study by Timaran et al also found EIA disease to be an independent predictor 

for decreased primary patency in women after angioplasty and stenting, but not in men.2 In 

our study, the average diameter of the EIA in women was smaller compared to men. 

However, the discrepant artery diameter did not negatively affect the outcome (ABI, COT 

and PWT) of aortoiliac stenting among females in our cohort. This is a significant deviation 

from conclusions of the previous studies and highlights a gap in scientific evidence, strongly 

advocating further studies on influence of gender on outcome of endovascular 

revascularization in iliac arteries.

5. LIMITATIONS

The major limitation of our study is the small sample size. However, we note that a majority 

of PAD descriptive and treatment studies include such small samples, and there is a relative 

absence of larger study cohorts now available for these anatomic descriptive surveys. For 

these data, the endovascular treatment cohort was obtained from the CLEVER trial, a very 

well-characterized study cohort, with all measurements occurring within carefully controlled 
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investigative conditions. As such, the quantitative measurements used consistent methods in 

a core laboratory.

6. CONCLUSIONS

Our data demonstrates a small gender-based difference in iliac artery diameters at baseline 

in a cohort of individuals with atherosclerotic lower extremity PAD. These distinctions were 

modest and did not affect the ability of the endovascular intervention to achieve beneficial 

clinical outcome measures (ABI, COT and PWT) at six months. The conclusion of this 

study is significantly different from previous studies. Thus there is considerable uncertainty 

regarding how gender might influence baseline PAD anatomy and outcomes, and it is hoped 

that these results highlight this evidence gap. Due to very small sample size in our study, 

there remains a need to confirm the impact of gender on PAD outcomes in larger and more 

diverse populations in a prospective manner.
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Figure 1. 
A pre-stenting pelvic angiogram showing the catheter calibration method. The segment used 

for calibration is displayed in red lines. Information listed on the lower left refers to the 

analysis parameters (particular to each subject). The tables display quantitative values for 

diameters of the measured obstruction, reference, and subsequent percent stenosis (blue). 

Mean diameter is displayed (in blue) as well as the segment profile from proximal to distal 

(line graph) image.
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Table 1

Descriptive variables with comparison between men and women.

Variable All patients (N= 39) Men (N= 26) Women (N= 13) p-value

Age, mean±s.d. (N), years 63.9±10.6 (39) 65.1±11.3 (26) 61.4±8.8 (13) 0.307

Height, mean±s.d. (N), inches 67.3±4.9 (39) 69.5±3.1 (26) 62.8 ±0.7 (13) <0.001

Weight, mean±s.d. (N), lbs. 176.7±38.9 (39) 184.1±40.9 (26) 161.9±30.8 (13) 0.094

BSA, mean±s.d. (N), m2. 1.91±0.23 (39) 1.99±0.22 (26) 1.75±0.17 (13) 0.002

BMI, mean±s.d. (n). 28.14±6.24 (39) 27.52±5.39 (26) 29.38±7.75 (13) 0.387

Reference vessel size of aorta, mean±s.d. (N), mm 17.42±3.94 (39) 17.49±3.67 (26) 17.25±4.65 (13) 0.861

Reference vessel size of CIA, mean±s.d. (N), mm 9.79±2.40 (39) 26 (10.20±2.36) 13 (8.97±2.37) 0.136

Reference vessel size of EIA,, mean±s.d. (N), mm 6.96±2.11 (22) 7.50±2.14 (15) 5.81±1.61 (7) 0.080

ABI at baseline, mean±s.d. (N) 0.62±0.17 (39) 0.63±0.17 (26) 0.59±0.17 (13) 0.410

ABI at 6 months, mean±s.d. (N) 1.00±0.29 (39) 1.03±0.32 (26) 0.95±0.25 (13) 0.446

COT at baseline, mean±s.d. (N), min 1.5±1.0 (39) 1.6±0.9 (26) 1.4±1.1 (13) 0.630

COT at 6 months, mean±s.d. (N), min 7.0±6.7 (39) 7.5±7.8 (26) 6.1±3.5 (13) 0.564

PWT at baseline, mean±s.d. (N), min 4.8±1.9 (39) 5±2.1 (26) 4.4±1.5 (13) 0.367

PWT at 6 months, mean±s.d. (N), min 9.8±5.1 (39) 10±5.6 (26) 9.3±4.1 (13) 0.697

BSA= Body surface area, BMI= Body Mass Index, CIA= Common iliac artery, EIA= External iliac artery, ABI= Ankle-Brachial index, COT= 
Claudication onset time on the graded treadmill test, PWT= Peak walking time on the graded treadmill test. The total number of subjects was 39. 
The numbers less than 39 indicate the missing data for the arterial segments not intervened
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