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Background: Because femoral pseudoaneurysm (FPA) is a dangerous complication of interventional 
procedures with a risk of life-threatening bleeding, our aim was to develop a predictive nomogram for FPA 
after neurointervention, and to suggest the best method for early identification of FPA.
Methods: We searched the PubMed database for literature addressing FPA after interventional procedures 
to analyze the risk factors, and we also reviewed the clinical data of patients from the Department of 
Neurosurgery who underwent neurointerventional procedures. Selected parameters were analyzed by 
univariate and multivariate logistic regression analysis. A nomogram was constructed using the independent 
risk factors by a multivariate regression model, and was validated by bootstrap resampling method, as well 
as receiver operating characteristic (ROC) curve, decision curve analysis (DCA) and calibration curve. The 
influence on the detection rate of FPA with Doppler ultrasound was also analyzed with Fisher’s exact test.
Results: According to existing studies, female sex, diabetes and hypertension are major risk factors of FPA. 
Among 1,098 clinical patients, hypertension (P=0.044), higher body mass index (BMI) (P=0.020), larger 
sheath size (P=0.049), puncture site hematoma (P=0.011) and closure failure (P=0.003) were identified as 
independent risk factors. The nomogram including these factors showed robust discrimination [C-index, 
0.916; 95% confidence interval (CI): 0.810–1.022] with an area under the curve of 0.916. DCA indicated 
clinical utility, and the calibration curves showed an acceptable consistency. A significant improvement in the 
detection rate occurred when Doppler ultrasound was utilized (P=0.031).
Conclusions: The presented nomogram showed favorable predictive accuracy for FPA after 
neurointervention. We recommend ultrasound examination for patients at high risk of FPA evaluated by the 
nomogram.
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Introduction

At present, most interventional operations are performed 
through femoral access, particularly when a larger sheath is 
required (1). Although radial access has been associated with 

favorable outcomes due to lower incidence of access-site 

complications, improved patient comfort and lower cost as 

compared with femoral access (2-4), there are still concerns 

about efficacy when there is higher procedural complexity 
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and substantial guide catheter support is needed (5), which 
also increases the risk of arterial occlusion (6,7). Iatrogenic 
pseudoaneurysm, compared with hematoma, arterial 
occlusion and arteriovenous fistula, is the most prevalent 
complication, with an incidence of 0.5–4.6% among cases 
of this access (8-10). However, femoral pseudoaneurysm 
(FPA) is a dangerous complication with a risk of life-
threatening bleeding. Pseudoaneurysm is a false aneurysm 
connected through a localized arterial wall perforation with 
a pseudocapsule confined and surrounded by adventitia 
and soft tissue, creating a cavity by the continuous blood 
flow (11). FPA is by far the most common iatrogenic 
pseudoaneurysm, with incidence to be 0.22–3.2%.

Cerebrovascular disease is the top-ranked disease 
causing death in China (12,13) and as a crucial treatment, 
neurointerventional procedures have developed rapidly, 
but compared with other interventional procedures, 
there is theoretically higher morbidity of FPA because of 
the extended access and procedure time. Most studies of 
FPA to date have considered cardiac intervention rather 
than neurointervention (14,15), so research into the 
prevention and early diagnosis of this complication after 
neurointerventional procedures is particularly important. 
Nomograms to predict intracranial aneurysms have been 
reported before, while FPA risk factors remain unclear. 

In this study, we retrospectively analyzed the data of 
patients who underwent a neurointervention between 
January 2017 and August 2020, combined with a literature 
review, to investigate the risk factors of FPA after 
neurointervention. We finally constructed a nomogram as 
an instrument to predict FPA morbidity, and summarize the 
methods for early diagnosis.

We present the following article in accordance with 
the TRIPOD reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-21-6508/rc).

Methods

Literature review

We performed an online search of the PubMed database 
from inception to June 2020 using the keywords “femoral”, 
“pseudoaneurysm” and “intervention”. Studies with 
complete data were included and case reports were 
excluded. Clinical and operating characteristics as well as 
risk factors in each study were collected. The search was 
limited to literature in the English language.

Patient data

All procedures performed in this study involving human 
participants were in accordance with the Declaration of 
Helsinki (as revised in 2013). The study was approved by 
institutional ethics board of Zhongshan Hospital Fudan 
University (No. B2021-137R). Individual consent for this 
retrospective analysis was waived. 

From January 2017 to August 2020, we retrospectively 
reviewed 1,098 consecutive patients from the Department of 
Neurosurgery, Zhongshan Hospital, Fudan University, who 
underwent neurointerventional procedures. The retrieved 
information included sex and age, history of chronic 
diseases such as hypertension, diabetes, dyslipidemia and 
renal dysfunction, as well as platelet count, body mass index 
(BMI), history of smoking, and procedural details including 
sheath size, repeated puncture, puncture point hematoma, 
antiplatelet therapy, sheath exchange, and closure failure. 

We defined a smoking history as ≥1 cigarette/day for 
at least 6 months. Repeated puncture was defined as ≥1 
puncture within 1 month. Puncture point hematoma was 
defined as a conspicuous mass adjacent to the puncture site 
that was palpable. Closure failure was defined as persistent 
bleeding despite using a closure device. Antiplatelet therapy 
was administration of aspirin, clopidogrel, ticagrelor or 
cilostazol in the perioperative period. FPA was diagnosed by 
an experienced sonographer as a representative hypoechoic 
cyst beside the affected artery and colored blood flow from 
the catheterization site into the cyst on Doppler ultrasound.

Statistical analysis

The associations between the risk of FPA with the 
aforementioned clinical and procedural parameters were 
analyzed by univariate logistic regression analysis. These 
variables were then entered into a multivariate regression 
analysis to find the independent risks of FPA. Based on 
the multivariate logistic regression model, a nomogram to 
predict the risk of FPA was constructed.

Receiver operating characteristic (ROC) curve, decision 
curve analysis (DCA) and calibration curve were used 
to assess the performance of the nomogram. The area 
under the ROC curve (AUC) and Harrel’s C-index were 
calculated to quantify the discriminative performance of 
the nomogram. Using the Hosmer-Lemeshow test, the 
predicted and actual probability of FPA were compared 
with a visual calibration plot to confirm the calibration of 
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this nomogram. DCA was performed by quantifying the net 
benefits at different threshold probabilities to estimate the 
clinical utility of the nomogram. Moreover, as an internal 
validation, the nomogram was subjected to bootstrapping 
validation (1,000 bootstrap resamples) to assess its predictive 
accuracy.

Fisher’s exact test analysis was performed for subgroups 
divided as Ultrasound and Non-ultrasound and their 
respective detection rates were calculated.

The statistical analyses and graphics were performed 
with IBM SPSS 20.0 (SPSS Inc., Armonk, NY, USA) and 
R software version 4.0.1 (The R Foundation for Statistical 
Computing, Vienna, Austria) with the rms package (for 
Nomogram construction and Calibration), pROC package 
(for ROC curve) and dca.R package (for DCA). P<0.05 was 
considered to be statistically significant and the reported 
statistical significance levels were all two-sided.

Results

Literature review

A total of seven studies from the literature were included 
(14-20), all of them addressing cardiac intervention. The 
clinical and operating characteristics of all patients from 
these studies are shown in Table S1. The risk factors of FPA 
summarized from each study are shown in Table S2.

Clinical characteristics and selected factors for model

A total of 1,098 patients from our Department were 
included. Their clinical and operating characteristics were 
summarized and the univariate analysis demonstrated that 
high BMI (P=0.046), large sheath size (P=0.033), puncture 
site hematoma (P=0.002) and closure failure (P<0.001) 
significantly correlated with the occurrence of FPA (Table S3).

Development of the nomogram

Multivariate logistic regression analysis identified 
hypertension (P=0.044), high BMI (P=0.020), large 
sheath size (P=0.049), puncture site hematoma (P=0.011) 
and closure failure (P=0.003) as independent risk factors  
(Table 1). A model with the aforementioned risk factors 
predicting the risk of FPA was constructed and is presented 
as a nomogram (Figure 1). A score was calculated to assess 
the proportion of each variable. The total points were 
summed to predict the probability of FPA.

Performance of the nomogram

Using ROC analysis, our nomogram revealed robust 
discrimination with an AUC of 0.916 (Figure 2A). The 
calibration curve for the predictive ability of FPA showed 
a satisfying agreement between observation and prediction 
(Figure 2B). The C-index for the nomogram was 0.916 [95% 
confidence interval (CI): 0.810–1.022], which was confirmed 
to be 0.874 with bootstrapping validation. 

Clinical application

DCA of the nomogram revealed that if the threshold 
probability was <33%, the nomogram for predicting FPA 

Table 1 Logistic multivariate regression analysis of femoral 
pseudoaneurysm risk

Variables
Multivariate analysis

OR 95% CI P value

Hypertension 0.044*

No Reference

Yes 33.280 1.094–1,012.669

BMI 0.020*

≥27 10.101 1.434–71.162

<27 Reference

Sheath size 0.049*

≥6 F 30.601 1.016–922.066

<6 F Reference

Hematoma 0.011*

No Reference

Yes 29.170 2.195–387.640

Closure failure 0.003*

No Reference

Yes 26.865 3.152–228.969

*, P<0.05. OR, odds ratio; CI, confidence interval; BMI, body 
mass index.

https://cdn.amegroups.cn/static/public/ATM-21-6508-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-6508-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-6508-supplementary.pdf
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added more benefit than treating either all or no patients 
(Figure 2C).

Detection rate with Doppler ultrasound

The detection rate of FPA for the non-ultrasound group 
was 0.4%, and 1.6% for the Ultrasound group. Fisher’s 
exact test showed a statistical significance for the group 
(P=0.031) (Table 2), which means Doppler ultrasound 

significantly improved the detection rate of FPA.

Discussion

FPA is a common access-site complication following 
interventional procedures. According to existing reports 
of cardiac intervention via femoral access, the incidence 
of iatrogenic pseudoaneurysm after diagnostic coronary 
angiography is ~0.5%, and as high as 4.6% in interventional 
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Figure 1 Nomogram for predicting the risk of femoral pseudoaneurysm (FPA) developed with the incorporation of hypertension, body mass 
index (BMI), sheath size, hematoma, and closure failure. Each score was calculated to assess the variable. The total points were summed to 
predict the probability of FPA. Harrell’ concordance index =0.916, 95% confidence interval: 0.810–1.022.
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(A) ROC curve of the nomogram, area under the curve (AUC) =0.916, which showed a satisfying predictive efficiency. (B) Calibration 
curve showing consistency between the predicted probability (x-axis) with the observed real risk (y-axis) for femoral pseudoaneurysm 
(FPA). Perfect prediction is shown by the diagonal black dashed line. The blue dotted line shows the entire cohort. The red solid line 
represents bias corrected with bootstrapping. (C) DCA of the predictive instrument. The y-axis represents net benefit and the blue line is 
the nomogram. The gray is the supposition that all patients suffered from FPA while the black represents the supposition that none of the 
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coronary procedures (8,9). However, there are few reports 
on the incidence of FPA in neurointerventions. Only Ozono 
et al. reported an incidence of FPA after neurointervention 
with a large sheath (8–9 F) of 3.2% (4/126) (21). The 
complication rate of pseudoaneurysm is estimated to be 
1.5% (1,008/69,266). According to our center’s statistics, 
from January 2017 to August 2020, 634 cases of intracranial 
arteriography were performed and there were 464 cases 
of interventional treatment (for aneurysm, arteriovenous 
fistula, arteriovenous malformation, etc.). Among these, 
there were 8 cases of detectable pseudoaneurysms, with an 
incidence rate of ~0.73%.

Some studies reported the risk factors of FPA in cardiac 
intervention. Ates et al. reported hypertension, diabetes, 
high BMI, and a large sheath as major risk factors (14), 
Mlekusch et al. reported low platelet count (19), Badr et al.  
found diabetes along with non-utilization of avascular 
closure device were risk factors for FPA (18), and Erol et al.  
identified female sex, previous puncture, hypertension, 
anticoagulant therapy, and renal dysfunction as risk  
factors (17). Others suggested further examination if the 
patient has pain or a throbbing mass in the groin (15). This 
is truly important, but our contention is that the above 
symptoms are indicators rather than predictors of FPA, 
which is why we did not include them in our analysis. Based 
on our clinical practice, we suggest repeated puncture, 
hematoma formation at the puncture site, intraoperative 
exchange of long sheaths, and failure of vascular closure 
as feasible new predictable risk factors, and these were 
included in the univariate and multivariate analyses.

In the multivariate analysis, we found that hypertension, 
BMI >27, sheath diameter >6 F, puncture site hematoma 
and closure failure were independent risk factors for FPA 
formation. According to clinical practice, these factors can 
be easily explained. Hypertension is an important factor 
affecting the elasticity and atherosclerosis of the blood 
vessel wall, and elevated femoral artery pressure will offset 
the compression force and cause continuous bleeding at the 
puncture point. Excessive fat (high BMI) and hematoma 
formation at the puncture point are considered to affect 

the accuracy and efficiency of puncture point compression. 
Larger sheath diameter is directly related to the size of 
the puncture breach. In addition, several researchers have 
reported a lower complication rate of the puncture site 
with the use of vascular closure devices compared with 
manual compression (22-24). Therefore, failure of closure 
increases the complications of the puncture site, including 
FPA. Based on clinical experience, exchanging a long sheath 
during the procedure would create repeated friction and 
injury of the localized arterial wall perforation. Repeated 
puncture reduces the healing of puncture points, and thus 
is considered an additional possible independent risk factor. 
However, along with low platelet count and antiplatelet 
therapy, repeated puncture and long sheath exchange did 
not show statistical significance in multivariate analysis, 
which probably resulted from the limited number of 
positive samples.

Nomograms are a tool to predict the risk and probability 
of an event. Due to the limitations of both data size and 
positive sample size, the nomogram model developed in 
this study was able to predict only 5–50% of FPA events, 
although 50% is a very dangerous probability in clinical 
practice. This suggests clinicians must closely monitor the 
puncture site and apply the correct management techniques, 
such as increasing the compression time and intensity. As 
for nomogram validation, the AUC of the ROC showed 
outstanding predictive performance, and the calibration 
curves results were also relatively acceptable. DCA showed 
that only when the probability was in the range of 0–33% 
could the nomogram provide a beneficial result. This also 
indicates that we should further expand the sample size or 
start a multicenter study to establish a more accurate and 
efficient nomogram prediction model, which is indeed our 
plan as the next step.

Our data analysis found that Doppler ultrasound of the 
femoral artery puncture point after neurointervention helped 
improve the detection rate of FPA (1.6% vs. 0.4%), which 
suggests cases of missed FPA if ultrasound examination is 
not performed. Ultrasound is a diagnostic tool with great 
clinical significance due to its high sensitivity (94%) and 

Table 2 Fisher’s exact test for the influence on the detection rate by Doppler ultrasound

Ultrasound Total Positive (n=8) Negative (n=1,090) P value

No 788 3 (0.4%) 785 (99.6%) 0.031*

Yes 310 5 (1.6%) 305 (98.4%)

*, P<0.05.
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high specificity (97%) (25). Despite being a cheap and 
straightforward technique, ultrasound may not be suitable 
for routine postoperative examination in certain centers, 
which may then benefit from using our nomogram. That is, 
for patients with higher risk predicted by the nomogram, 
ultrasound screening is undoubtedly required to reduce 
missed diagnosis of FPA, and facilitate early diagnosis and 
treatment. For asymptomatic “high-risk” patients with FPA, 
this model can greatly reduce the severe consequences of 
FPA progression caused by missed diagnosis.

At present, the treatment of FPA is still controversial. 
The mainstream techniques include ultrasound-guided 
compression (UGCT) (26), ultrasound-guided thrombin 
or collagen injection (27), interventional procedure with 
balloon, coil or stent and surgical resection also remains an 
option (28). Based on our FPA treatment experience and 
consideration of cost, we tend to firstly try UGCT and 
reserve surgical treatment for failed cases. In our series, 4 
(50%) of 8 FPA patients failed to respond to compression 
and then underwent surgical resection. All patients had 
good outcomes.

To sum up, this predictive model has the potential to 
assist in clinical decision making on the necessity of a 
patient undergoing ultrasound examination, thus improving 
the detection rate and early treatment of FPA. It has been 
applied in our center on a small scale. We would increase 
the compression intensity and duration at the puncture 
site for those patients with FPA risk >10%. As our next 
step, we will further expand the sample size to establish a 
more accurate and efficient prediction model, and conduct 
a prospective multicenter study with further external 
validation to verify the accuracy of the model.

Conclusions

Our study identified a close relationship of FPA with 
hypertension, high BMI, large sheath size, puncture site 
hematoma and closure failure. The presented nomogram 
showed favorable predictive accuracy for FPA after 
neurointervention. We recommend Doppler ultrasound 
examination for those patients with high nomogram score 
to improve the detection rate of FPA and early treatment. 
Further verification of this instrument requires a larger 
sample size.
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Supplementary

Table S1 Patients clinical and procedural characteristics from existing studies of FPA

Characteristics 
Mehmet Ates, 

2005
Wolfgang 

Mlekusch, 2006
Batric Popovic, 

2008
E. Ayhan,  

2012
Salem Badr, 

2014
Fatih Erol, 

2015
Yusuke 

Tamanaha, 2019

Target Heart Heart Heart Heart Heart Heart Heart

Age (years) 61.6 68.0 62.5 56.6 65.4 58.6 66.1

Male sex 66.5% 59.0% 70.5% 83.0% 64.4% 72.1% 73.8%

Previous puncture 30.3% 28.6%

BMI 26.1 26.5 27.4 27.6 29.9

Diabetic 38.8% 47.6% 23.7% 25.2% 34.3% 17.5%

Hypertension 58.3% 86.8% 54.7% 41.0% 87.7% 34.6%

Dyslipidemia 84.2% 63.9% 32.7% 84.9% 74.5%

Smoker 34.4% 42.6% 62.0% 25.1% 23.5%

Renal dysfunction 12.2% 17.4% 1.5% 11.5%

Anticoagulant 12.1% 69.8% 10.4%

Aspirin 90.8% 94.9% 91.1% 34.3%

Clopidogrel 59.7% 65.6% 40%

Tirofiban 52.0% 5.5% 15.1%

Sheath size

4 F 77.7% 18.7%

5 F 31.3%

6 F 66.0% 50%

7-8 F 34.0% 22.3%

Closure device 26.4% 53.1%

Platelet count 247*109/L

Left groin puncture 6.3%

FPA, femoral pseudoaneurysm; BMI, body mass index.
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Table S2 Risk factors based on existing studies of FPA

Factors 
Mehmet 

Ates, 2005 
(n=41,332)

Wolfgang 
Mlekusch, 

2006 (n=273)

Batric 
Popovic, 2008 

(n=11,992)

E. Ayhan,  
2012 

(n=2,600)

Salem Badr,  
2014 

(n=10,169)

Fatih Erol,  
2015 (n=8,469)

Yusuke 
Tamanaha, 2019 

(n=5,234)

FPA 630 23 76 61 139 65 14

Age (years) 61.6 65.4 65.1 60.6 68.5 >65 69.2

Male sex 66.4% 52% 64.5% 68.9% 49.6% 47.7% 64.3%

Previous puncture 40.8% 43.1%

BMI 28.7 26.4 27.5 27.3 30.3 22.0

Diabetic 44.4% 56.5% 30.2% 24.5% 41.7% 23.1% 21.4%

Hypertension 61.9% 82.6% 61.8% 50.8% 90.6% 56.9% 78.6%

Dyslipidemia 91.3% 61.8% 34.4% 82.7% 83.1% 50%

Smoker 30.4% 36.8% 47.5% 21.6% 21.5% 64.3%

Renal dysfunction 14.7% 26.6% 7.7% 35.7%

Anticoagulant 7.9% 90.8% 7.1%

Aspirin 82.6% 97% 95.4% 21.4%

Clopidogrel 87.0% 81.5% 21.4%

Tirofiban 45.9% 6.5% 27.7%

Sheath size

4 F 65.2% 13.2% 14.3%

5 F 26.3% 28.6%

6 F 61.9% 60.5% 7.1%

7-8 F 38.1% 34.8% 50%

Closure device 17.4% 26.5% 0

Platelet count 167*109/L

Left groin puncture 15.8%

Independent risk 
factors

Hypertension, 
diabetics, high 
BMI, size ≥7 F

Low platelet 
count

Left groin 
puncture

Female, age 
≥75

No closure, 
diabetics

Female, previous 
puncture, hypertension, 

anticoagulant, renal 
dysfunction

Numbers or proportions in table represent value from FPA group. FPA, femoral pseudoaneurysm; BMI, body mass index.
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Table S3 Patient clinical and procedural characteristics and univariable analysis of the risk of FPA in 1,098 patients after neurointervention

Variable
Patients

OR (95% CI) P value
Total FPA (%, n=8) Non-FPA (%, n=1,090)

Age, years, mean ± SD 0.508

≥60 557 5 (62.5%) 552 (50.6%) 1.624 (0.386-6.831)

<60 541 3 (37.5%) 538 (49.4%) Reference

Sex 0.623

Female 591 5 (62.5%) 586 (53.8%) 1.433 (0.341-6.028)

Male 507 3 (37.5%) 504 (46.2%) Reference

Hypertension 0.098

No 498 1 (12.5%) 497 (45.6%) Reference

Yes 600 7 (87.5%) 593 (54.4%) 5.867 (0.719-47.846)

Diabetic 0.468

No 811 5 (62.5%) 806 (73.9%) Reference

Yes 287 3 (37.5%) 284 (26.1%) 1.703 (0.404-7.171)

Dyslipidemia 0.658

No 634 4 (50.0%) 630 (57.8%) Reference

Yes 464 4 (50.0%) 460 (42.2%) 1.370 (0.341-5.505)

Renal dysfunction 0.331

No 1045 7 (87.5%) 1038 (95.2%) Reference

Yes 53 1 (12.5%) 52 (4.8%) 2.852 (0.344-23.609)

Low platelet count 0.204

No 1059 7 (87.5%) 1052 (96.5%) Reference

Yes 39 1 (12.5%) 38 (3.5%) 3.955 (0.475-32.953)

BMI 0.046

≥27 309 5 (62.5%) 304 (27.9%) 4.309 (1.024-18.142)

<27 789 3 (37.5%) 786 (72.1%) Reference

Smoker 0.752

No 873 6 (75.0%) 867 (79.5%) Reference

Yes 225 2 (25.0%) 223 (20.5%) 1.296 (0.260-6.464)

Sheath size 0.033

≥6F 460 7 (87.5%) 453 (41.6%) 9.843 (1.207-80.281)

<6F 638 1 (12.5%) 637 (58.4%) Reference

Secondary puncture 0.090

No 843 4 (50%) 839 (77.0%) Reference

Yes 255 4 (50%) 251 (23.0%) 3.343 (0.830-13.461)

Hematoma 0.002

No 1070 6 (75.0%) 1064 (97.6%) Reference

Yes 28 2 (25.0%) 26 (2.4%) 13.641 (2.628-70.810)

Antiplatelet 0.219

No 520 2 (25.0%) 520 (47.7%) Reference

Yes 578 6 (75.0%) 570 (52.3%) 2.737 (0.550-13.620)

Exchange sheath 0.306

No 959 6 (75.0%) 953 (87.4%) Reference

Yes 139 2 (25.0%) 137 (12.6%) 2.319 (0.463-11.604)

Closure failure 0.000

No 441 5 (62.5%) 436 (95.4%) Reference

Yes 24 3 (37.5%) 21 (4.6%)* 30.543 (6.849-136.213)

*, totally 457 in non-FPA group received closure, thus closure failure was 4.6% (21/457). FPA, femoral pseudoaneurysm; OR, odds ratio; 
CI, confidence interval; SD, standard deviation; BMI, body mass index.


