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Selective expanded polytetrafl uorethylene 
patch angioplasty vs. primary closure 
after carotid endarterectomy – 
a 13-year experience

Selektivní plastika pomocí záplaty 

z expandovaného polytetrafl uorethylenu vs. 

primární sutura při karotické endarterektomii – 

13letá zkušenost

Abstract
Aim: Current evidence suggests that routine carotid patch angioplasty (PA) may reduce the 

complications of carotid endarterectomy (CEA) when compared to primary closure (PC). We aimed 

to compare the results of PA and PC choosen according to the intraoperative internal carotid 

artery (ICA) diameter and the quality of arteriotomy margins. Patients and methods: All consecutive 

patients who underwent elective CEA between years 2006 and 2018 in our center were enrolled in 

the retrospective study. All patients underwent regular ultrasound and clinical controls after CEA 

during the follow-up and defi ned endpoints were compared between PA and PC patients. Results: 

In total, 607 patients (451 males, mean age 64.4 ± 8.5 years) who underwent 654 CEAs (587 PC 

and 67 PA) were enrolled. Three hundred twenty-fi ve (49.7%) CEAs were done for symptomatic 

stenosis. No diff erence was found in the rates of ipsilateral stroke (1.5 vs. 2.2%, P = 1.000; 1.5 vs. 

1.4%, P = 1.000), ipsilateral ischemic stroke (1.5 vs. 1.9%, P = 1.000; 1.5 vs. 1.4%, P = 1.000), any 

stroke (1.5 vs 2.7%, P = 1.000; 4.5 vs. 4.3%, P = 1.000), perioperative ICA thrombosis (3.0 vs. 2.6%; 

P = 0.690) and ICA restenosis ≥ 70% (3.0 vs. 4.1%; P = 1.000) between PA and PC groups during 

a 30-day perioperative period and a long-term follow-up (median 46 months), respectively. In 

symptomatic stenosis, lower mortality was found in PC group during the follow-up (9.7 vs. 25.9%; 

P = 0.022); however, most (95.1%) deaths were not stroke-related. Conclusion: PA used according 

to the intraoperative fi ndings showed no diff erence in the rates of complications and signifi cant 

restenosis or perioperative ICA thrombosis after CEA when compared to PC. 
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Introduction
A type of arterial wall closure used after caro-

tid endarterectomy (CEA) usually depends on 

the individual preference of a performing sur-

geon or on the tradition of an individual sur-

gical department. Some surgeons tend to use 

a patch angioplasty (PA) routinely, others use it 

only selectively and some do not use a patch 

at all [1]. Primary suture closure (PC) remains to 

be favoured due to shorter carotid clamp time, 

which leads to shortening of the total opera-

tion time [2]. On the contrary, the use of patch 

could reduce the risk of artifi cial stenosis se-

condary to the primary suture itself [3]. Current 

European Society for Vascular Surgery (ESVS) 

guidelines report the benefi t of routine PA 

after CEA when compared to routine primary 

suture [1]. This statement is supported by the 

results of the largest meta-analysis of randomi-

zed controlled trials (RCTs) [4].  

At our department, we prefer the type of ar-

teriotomy closure according to the intraope-

rative assessment of the internal carotid artery 

(ICA) diameter and quality of the arteriotomy 

margins after CEA. Patch closure is performed 

if ICA diameter is narrow or if arteriotomy mar-

gins after CEA are of poor quality and there 

is need to run the suture far from the arterio-

tomy edge. An expanded polytetrafl uorethy-

lene (ePTFE) material is used for a patch.

In the current ESVS guidelines [1], there is 

no recommendation for selective patching; 

thus, we aimed to assess whether selective 

PA based on the intraoperative diameter 

and quality of the arteriotomy margins after 

CEA may lead to complications and out-

comes similar to those of PC. 

 

Patients and methods
Patients

All consecutive patients who underwent 

an elective CEA of ICA for symptomatic or 

asymptomatic stenosis between 2006 and 

2018 at our department were enrolled in this 

retrospective single center study. The indi-

cation for CEA included both symptoma-

tic and asymptomatic stenosis of ICA accor-

ding to the guidelines followed at the time. 

The degree of symptomatic stenosis indica-

ted for CEA was 50–99%. During a study pe-

riod of 13 years, the guidelines developed sli-

ght discrepancies in the indications of CEA 

for asymptomatic stenosis. In our study, the 

asymptomatic stenosis of a grade of 70–99% 

was indicated for CEA in patients with life ex-

pectancy of more than 5 years and with the 

presence of following risk factors: a combi-

nation of diabetes mellitus, hyperlipidemia 

and arterial hypertension, silent stroke in 

vascular teritory of stenotic ICA documen-

ted on brain imaging, rapid stenosis progre-

ssion in time, as well as ultrasound signs of 

unstable carotid plaque. The North Ameri-

can Symptomatic Carotid Endarterectomy 

(NASCET) criterion was used for measure-

ment of both symptomatic and asympto-

matic stenoses [5].

In all patients, demographic and ba-

seline clinical characteristics were recor-

ded, including the presence of traditional 

vascular risk factors. Strengthening the Re-

porting of Observational Studies in Epide-

miology (STROBE) cohort reporting guide-

lines were used for the preparation of the 

manuscript [6].

Surgery procedure

Carotid endarterectomy was performed 

under locoregional (LRA) or general ane-

sthesia (GA). In patients operated under 

LRA, an intraluminal shunt was inserted se-

lectively, if a neurological defi cit appeared.  

In patients under GA, a shunt was used 

routinely.

Before the closure of the arterial wall after 

CEA, the ICA diameter and the quality of the 

arteriotomy margins were assessed intrao-

peratively by a certified vascular surgeon. In 

case of a narrow ICA diameter or poor qua-

lity of arteriotomy margins after CEA, PA was 

performed after subjective evaluation of the 

involved surgeon. No precise measurement 

of ICA diameter or quality of arteriotomy 

margins (thickness of the arterial wall) was 

performed.  In all other cases, PC was per-

formed. In all patients, preventive doses of 

broad-spectrum antibio tics and intravenous 

unfractionated heparin (5,000–7,500 IU) 

were administered during the CEA proce-

dure and 4–5 mL of protamine was used at 

the end of the procedure. 

Follow-up protocol

All patients received antiplatelet monothe-

rapy with daily doses of 100 mg of acetylsa-

licylic acid or 75 mg of clopidogrel during 

a fol low-up (FUP) period. All patients under-

went a standardized FUP protocol, which 

included regular ultrasound and clinical con-

trols at 1, 3, 6 and 12 months after CEA and, 

thereafter, annually. The neurologists per-

forming FUP ultrasound and clinical cont-

rols were blinded to the type of the arterial 

closure used. For the study analyses, the FUP 

was ended in December 2019 or by the last 

medical record of the patients in our hospi-

tal medical database.   

 

Outcomes and endpoints  

The following outcome parameters and de-

fi ned endpoints were analyzed and com-

pared between PC and PA groups of pa-

tients in the perioperative (defi ned as the 

fi rst 30 days after CEA) and long-term FUP: 

the incidence of ipsilateral stroke, ipsilateral 

ischemic stroke, any stroke, death, stroke or 

Souhrn
Cíl: Dle současné evidence rutinní uzávěr arteriotomie pomocí záplaty („patch“ angioplastika; PA) může snižovat výskyt komplikací karotické endarterektomie 

(carotid endarterectomy; CEA) ve srovnání s primární suturou (primary closure; PC). Cílem práce bylo srovnání výsledků PA a PC indikovaných na základě 

intraoperačního zhodnocení průměru a. carotis interna (ACI) a kvality okrajů arteriotomie. Soubor a metodika: Do retrospektivní studie byli zařazeni všichni 

konsekutivní pacienti, kteří podstoupili na našem pracovišti CEA v letech 2006 až 2018. Všichni pacienti byli po CEA pravidelně sledováni pomocí UZ 

i klinicky. Defi nované cíle byly následně srovnány mezi skupinami pacientů s PA a PC. Výsledky: Do studie bylo zařazeno celkem 607 nemocných (451 mužů, 

průměrný věk 64,4 ± 8,5 let), kteří podstoupili 654 CEA (587 PC a 67 PA). Třistadvacetpět (49,7 %) CEA bylo provedeno pro symptomatickou stenózu. Nebyl 

zjištěn žádný rozdíl ve výskytu ipsilateralního iktu (1,5 vs. 2,2 %, p = 1,000; 1,5 vs. 1,4 %, p = 1,000), ipsilateralního ischemického iktu (1,5 vs. 1,9 %, p = 1,000; 

1,5 vs. 1,4 %, p = 1,000), jakéhokoliv iktu (1,5 vs. 2,7 %, p = 1,000; 4,5 vs. 4,3 %, p = 1,000), perioperační trombózy ACI (3,0 vs. 2,6 %; p = 0,690) a restenózy ACI 

≥  70 % (3,0 vs. 4,1 %; p = 1,000) mezi skupiami PA a PC skupinou během 30denního perioperačního období, respektive během dlouhodobého sledování 

(medián 46 měsíců). U symptomatických stenóz byla během dlouhodobého sledování zjištěna nižší mortalita ve skupině s PC (9,7 vs. 25,9 %; p = 0.022); 

nicméně většina (95,1 %) úmrtí měla jinou příčinu než iktus. Závěr: U PA indikované na základě intraoperačních nálezů nebyl prokázán významný rozdíl ve 

výskytu komplikací a hemodynamicky významné restenózy nebo perioperační trombózy ACI po CEA ve srovnání s PC.
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death, perioperative thrombosis of ICA and 

restenosis ≥ 70%. The endpoints of ipsilate-

ral stroke included both haemorrhagic and 

ischemic strokes, including fatal as well as 

non-fatal ones. The endpoints of any stroke 

included fatal, non-fatal, ipsilateral, contrala-

teral or brainstem infarct and hemorrhagic 

stroke. Separate sub-analyses were perfor-

med in patients with CEA for symptomatic 

and asymptomatic ICA stenosis. 

Statistical analysis

Statistical software SPSS Version 22 (IBM, Ar-

monk, NY, USA) was used for the data pro-

cessing and statistical analyses. The com-

parison of age between the groups was 

evaluated using the Student t-test, the com-

parison of the defi ned endpoints and out-

comes was performed using the Chi-square 

test and the Fisher exact test. The age in the 

groups was verified using the Shapiro-Wilk 

test of normality. All tests used an α-level of 

0.05 for signifi cance. 

Results 
In total, 607 patients (451 males, mean age 

64.4 ± 8.5 years) were enrolled and under-

went 654 CEAs; 587 (89.8%) CEA were per-

formed with PC and 67 (10.2%) with PA. 

Forty-seven (7.7%) patients underwent bila-

teral CEA and 325 (49.7%) CEAs were done 

for symptomatic stenosis. Baseline demo-

graphic and clinical parameters of the en-

rolled patients are shown in Tab. 1 and no 

diff erence was found between PC and PA 

groups of patients. The median time of FUP 

was 46 months (range: 1–163 months). 

Six hundred twenty-one CEAs (558 in PC 

group and 63 in PA group) were performed 

under LRA. The remaining 33 CEAs (29 in 

PC group and 4 PA group) were performed 

under GA. In 28 cases (24 in PC group and 

4 in PA group), GA was used primarily. In fi ve 

CEAs in PC group, a conversion from LRA 

to GA was performed due to patient‘s into-

lerance of LRA. In total, a shunt was used in 

85 CEAs; in 75 (12.8%) CEAs in PC group and 

in 10 (14.9%) CEAs in PA group (P = 0.620). 

In CEAs performed under LRA, a shunt was 

used in 46 (8.2%) cases in PC group and 

in 6 (9.5%) cases in PA group (P = 0.728). 

A shunt was used in all CEAs performed in 

GA (29 CEAs in PC group and 4 CEAs in PA 

group). 

In the perioperative period, no diff erence 

was found in all investigated outcome pa-

rameters and defi ned endpoints between 

patients with PA and PC (when symptoma-

tic and asymptomatic stenoses were evalua-

ted together). Similarly, in the long-term FUP, 

no signifi cant diff erence was found between 

PA and PC groups of patients (when sympto-

matic and asymptomatic stenoses were eva-

luated together), however, a trend of more 

frequent deaths was observed in patients 

with PA (Tab. 2). 

In the subgroup analysis of patients with 

CEA for symptomatic stenosis, a higher 

rate of deaths in PA group was observed 

(25.9 vs. 9.7%; P = 0.022) during the FUP, and 

95.1% of deaths were of non-stroke origin 

(Tab. 3). Similarly, a higher rate of deaths in 

PA group with a comparable rate of any st-

roke in both groups (3.7 vs. 4.0%; P = 1.000) 

led to a higher rate of the composit end-

point of stroke or death in PA group (29.6 vs. 

13.8%; P = 0.048) during the FUP in these 

patients. 

No diff erence was observed in the sub-

group analysis of patients with CEA for 

asymptomatic stenosis (Tab. 4). 

In total, 17 (2.6%) perioperative strokes 

(16 in PC group and 1 in PA group) were ob-

served and 14 (2.1%) of them were ipsilateral 

Tab. 1. Demographic and baseline clinical characteristics of the analysed patients.

Group Total PA PC P

CEA (N) 654 67 587

number of male patients (%) 491 (75.1) 50 (74.6) 441 (75.1) 0.928

age (years, mean ± SD) 64.4 ± 8.5 64.7 ± 8.2 64.1 ± 8.9 0.793

arterial hypertension (N, %) 401 (61.3) 38 (56.7) 363 (61.8) 0.415

coronary artery disease (N, %) 197 (30.1) 22 (32.8) 175 (29.8) 0.609

diabetes mellitus (N, %) 135 (20.6) 12 (17.9) 123 (21) 0.560

previous stroke (N, %) 182 (27.8) 16 (23.9) 166 (28.3) 0.447

use of statins (N, %) 344 (52.6) 33 (49.3) 311 (53) 0.563

CEA – carotid endarterectomy; N – number; PA – patch angioplasty; PC – primary closure; 

SD – standard deviation

Tab. 2. Comparison of clinical outcomes, defi ned endpoints and rates of complicati-
ons between PA and PC patients.

PC (N = 587) PA (N = 67) P
perioperative period (≤ 30 days)

ipsilateral stroke (N, %) 13 (2.2) 1 (1.5) 1.000

ipsilateral ischemic stroke (N, %) 11 (1.9) 1 (1.5) 1.000

any stroke (N, %) 16 (2.7) 1 (1.5) 1.000

death (N, %) 3 (0.5) 0 1.000

stroke or death (N, %) 19 (3.2) 1 (1.5) 0.711

ICA thrombosis (N, %) 15 (2.6) 2 (3.0) 0.690

Long-term follow-up 

ipsilateral stroke (N, %) 8 (1.4) 1 (1.5) 1.000

ipsilateral ischemic stroke (N, %) 8 (1.4) 1 (1.5) 1.000

any stroke (N, %) 25 (4.3) 3 (4.5) 1.000

death (N, %) 69 (11.8) 14 (20.9) 0.050

stroke or death (N, %) 94 (16.0) 17 (25.4) 0.059

ICA restenosis ≥ 70 % 24 (4.1) 2 (3.0) 1.000

ICA – internal carotid artery; N – number; PA – patch angioplasty; PC – primary closure; 

SD – standard deviation
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(13 in PC group vs. 1 in PA group; P = 1.000) 

(Tab. 2). Eleven (84.6%) of 13 ipsilateral stro-

kes in PC group were of ischemic origin and 

the only ipsilateral stroke in the PA group 

was also ischemic (Tab. 2). 

Eight (1.3%) patients suff ered from perio-

perative ipsilateral ischemic stroke due to 

ICA thrombosis. Seven (87.5%) of them were 

in PC group. Six (75%) patients underwent 

ICA thrombectomy for acute ICA occlusion. 

Three (0.5%) patients suff ered from periope-

rative non-ipsilateral ischemic stroke, two of 

them were in the teritory of contralateral ICA 

and the remaing one in the brainstem.  

All other recorded complications rela-

ted to performed CEA are shown in Tab. 5. 

The most frequent complication was cranial 

nerve injury (3.1%) followed by major bleed-

ing requiring surgery (2.4%), acute myocar-

dial infarction (0.8%), hemorrhagic stroke 

(0.5%) and pneumonia (0.3%). 

Three (0.5%) patients died within the fi rst 

30 days after CEA. All these patients under-

went CEA for symptomatic stenosis and had 

PC. During the FUP, a total of 83 (13.7%) pa-

tients died and only four (0.7%) of them due 

to stroke. Other 37 (6.1%) patients died of 

cardiac or respiratory failure, 26 (4.3%) of ma-

lignant diseases, seven (1.2%) of sepsis, three 

(0.5%) of abdominal aortic aneurysm rup-

ture, and the remaining fi ve (0.8%) of other 

reasons of non-vascular etiology. 

Discussion
The results of our study showed no signifi -

cant diff erence in the rate of complications 

including significant restenosis/ periope-

rative ICA thrombosis between the use of 

PA and PC in CEA for severe stenosis of ICA 

based on the intraoperative fi ndings.

Current ESVS guidelines [1] and Society 

for Vascular Surgery (SVS) guidelines [7] re-

commend routine PA rather than routine PC 

(Class I, Level of Evidence A). Both the gui-

delines are mainly based on the meta-ana-

lysis of ten RCTs (including 1,967 patients 

with 2,157 CEAs), which showed a benefi t 

of routine PA in the reduction of early and 

late complications of CEA when compared 

to PC [4]; nevertheless, the authors of this 

meta-analysis later pointed on the overes-

timation of the reported results and on the 

reliability of small RCTs included. In the up-

dated meta-analysis, the benefi t of patch-

ing was less obvious [8]. Another reported 

meta-analysis of 13 RCTs also showed no sig-

nifi cant diff erence in perioperative or late 

mortality rates, incidence of stroke and res-

tenosis as well as in operation time when 

using venous patch and synthetic patch ma-

terial or ePTFE patch versus polyester patch 

material during CEA [9]. Several recent stu-

dies comparing PC with PA also question 

the superiority of PA with regard to the 

poor quality of the included studies perfor-

med over 20 years ago and with regard to 

relative small sample sizes and signifi cant 

loss of FUP. 

Tab. 3. Comparison of clinical outcomes and defi ned endpoints between PA and PC 
patients after carotid endarterectomy for symptomatic stenosis of ICA.

PC (N = 298) PA (N = 27) P
Perioperative period (≤ 30 days)

ipsilateral stroke (N, %) 9 (3.0) 0 1.000

ipsilateral ischemic stroke (N, %) 7 (2.3) 0 1.000

any stroke (N, %) 10 (3.4) 0 1.000

death (N, %) 3 (1.0) 0 1.000

stroke or death (N, %) 13 (4.4) 0 0.611

ICA thrombosis (N, %) 9 (3.0) 0 1.000

Long-term follow-up 

ipsilateral stroke (N, %) 6 (2.0) 1 (3.7) 0.468

ipsilateral ischemic stroke (N, %) 6 (2.0) 1 (3.7) 1.468

any stroke (N, %) 12 (4.0) 1 (3.7) 1.000

death (N, %) 29 (9.7) 7 (25.9) 0.022

stroke or death (N, %) 41 (13.8) 8 (29.6) 0.048

ICA restenosis ≥ 70 % 9 (3.0) 1 (3.7) 0.596

ICA – internal carotid artery; N – number; PA – patch angioplasty; PC – primary closure

Tab. 4. Comparison of clinical outcomes and defi ned endpoints between PA and PC 
patients after carotid endarterectomy for asymptomatic stenosis of ICA.

PC (N = 289) PA (N = 40) P
Perioperative period (≤ 30 days)

ipsilateral stroke (N, %) 4 (1.4) 1 (2.5) 0.479

ipsilateral ischemic stroke (N, %) 4 (1.4) 1 (2.5) 0.479

any stroke (N, %) 6 (2.1) 1 (2.5) 0.600

death (N, %) 0 0 N/A

stroke or death (N, %) 6 (2.1) 1 (2.5) 0.600

ICA thrombosis (N, %) 6 (2.1) 2 (5.0) 0.252

Long-term follow-up 

ipsilateral stroke (N, %) 2 (0.7) 0 1.000

ipsilateral ischemic stroke (N, %) 2 (0.7) 0 1.000

any stroke (N, %) 13 (4.5) 2 (5.0) 0.702

death (N, %) 40 (13.9) 7 (17.5) 0.480

stroke or death (N, %) 53 (18.3) 9 (22.5) 0.521

ICA restenosis ≥ 70 % 15 (5.2) 1 (2.5) 0.704

ICA – internal carotid artery; N – number; PA – patch angioplasty; PC – primary closure
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Maertens et al reported no diff erence in st-

roke and death rates within one month after 

CEA when performing selective PA in their 

retrospective study, in which symptomatic 

and asymptomatic patients were evaluated 

together [10]. PC was performed in ICA dia-

meter above 5 mm in cases of high carotid 

bifurcation or contralateral ICA occlusion. 

However, they found significantly longer 

clamping time in PA [10]. Similarly, Huizing et 

al reported no diff erence in the incidence of 

stroke, death and other complications within 

1 month afer CEA and also in the rate of res-

tenosis at 6 weeks and one year in a retro-

spective study of symptomatic patients [11].

Avgerinos et al retrospectively analysed 

a consecutive cohort of 1,737 CEA cases, in 

which a choice of PA, PC or eversion tech-

nique depended on surgeon’s personal pre-

ference. Symptomatic and asymptomatic 

patients were evaluated together [12]. They 

found no diff erence between PA and PC in 

stroke and death rates and of restenosis in 

a 5- and 10-year FUP [11].

To our knowledge, Huizing et al recently 

performed the largest and most upda-

ted (2019) systematic review which inclu-

ded 9 randomized and 20 nonrandomi-

zed studies with a total of 12,696 patients 

(13,219 CEAs) [13]. The overall stroke risk wi-

thin 1 month afer CEA was significantly 

lower in PA group; however, this benefi t lost 

its statistical signifi cance after exclusion of 

nonrandomized studies [13]. The resteno-

sis was signifi cantly lower in the PA group. 

Remarkably, this review included studies, in 

which the symptoms of the patients and 

the reasons for PA (diameter of ICA or other 

anatomical conditions, physician’s perso-

nal preference or both) were not taken into 

consideration. 

In our study, PA was used depending on 

the subjective evaluation of the morpho-

logical parameters of ICA: the intra-ope-

rative ICA diameter and the quality of ar-

teriotomy margins after CEA. In three RCTs 

included in the above-mentioned meta-

-analysis, patients were excluded if their ICAs 

were deemed to be too narrow for PC (ICA 

diameter ≤ 3.5 or 4 or 5 mm) [2]. A diff erent 

diameter for ICA exclusion refl ects the fact 

that the minimum diameter for a necessary 

PA remains still unclear. Similarly, other RCTs 

also reported conversion from one type of 

arteriotomy closure to another after rando-

mization in a few patients [4]. In a randomi-

zed study of Myers et al, patients with ICA 

diameter under 5 mm were excluded from 

the enrollement [14]. No signifi cant diff e-

rence was found among the three closure 

groups in any of the observed variables 

including perioperative and late neurologi-

cal events, perioperative death and reste-

noses (i.e. for randomised groups between 

PC and vein patch as well as for the third 

nonrandomized group with obligatory vein 

patch) [14].

Our results are in line with the fi ndings 

of recent nonrandomized studies [10–12], 

which showed no difference in the out-

comes and in the rates of complications be-

tween both groups. In our study, the only di-

ff erence was found in the rates of death and 

composit endpoints of stroke or death in PA 

group during a long-term FUP in the suba-

nalysis of symptomatic stenoses (Tab. 3), but 

most deaths were of non-stroke origin. The 

rates of occurred restenosis ≥ 70% during 

the FUP in our study were similar to those re-

ported in recent clinical trials [12]. 

The overall rates of periprocedural com-

plications after CEA in our patients did not 

diff er from the results published previously 

(Tab. 2–4) [15]. Also, in patients with sym-

ptomatic ICA stenosis, the rates of compli-

cations were similar to the results reported 

from recent studies (Tab. 3) [15,16].

Eversion CEA may be considered a promi-

sing alternative to traditional CEA with PC 

or PA, which may reduce perioperative and 

long-term complications. Previously pub-

lished meta-analysis showed no signifi cant 

diff erences between eversion and traditio-

nal CEA and between eversion and CEA with 

PA in the rates of perioperative and late com-

plications [17]. Eversion CEA reached only 

a borderline superiority in the rate of reste-

nosis > 50% during the FUP when compa-

red to traditional CEA. A more recent and 

greater meta-analysis, which included seven 

randomized and 14 nonrandomized studies 

with 16,251 performed CEAs, showed a sig-

nifi cantly lower incidence of perioperative 

and late complications in eversion CEA vs. 

traditional CEA. The benefi t of eversion CEA 

was also demonstrated in comparison to PA 

only [18]. Current ESVS guidelines as well as 

SVS guidelines recommend PA or eversion 

CEA over routine PC [1,7]. Current national 

clinical guideline for the secondary preven-

tion of ischemic stroke /  transient ischemic 

attack do not recommend or prefer any type 

of arterial wall closure after CEA for sympto-

matic stenosis of ICA [19].  

There are several limitations of our study. 

A nonrandomized retrospective single cen-

ter design was used. Precise measurement 

of ICA diameter or the quality of arteriotomy 

margins after CEA was not performed, be-

cause no reliable method of measurement 

was available; thus, the diameter of ICA and 

the quality of arteriotomy margins were eva-

luated by individual surgeons subjectively 

and this fact might cause a bias in the selec-

tion of PA or PC. Substantially unequal num-

bers of patients with PC and PA may aff ect 

the results; however, most previous nonran-

domized studies presented similar imba-

lance [10,11]. We did not perform a suba-

nalysis in females; however, a smaller ICA 

diameter in women was reported in some 

previous studies [20] and a greater benefi t 

of PA in women was stated in previous gui-

delines [7]. Nevertheless, current ESVS gui-

delines do not refer to this topic [1] and the 

studies focusing on sex-based outcome di-

ferences mostly showed more frequent use 

of PA in females when compared to males 

only [21,22].

In conclusion, the use of PA based on the 

intraoperative fi ndings showed no signifi -

cant diff erence in the rate of complications 

Tab. 5. Other complications related to CEA and comparison between PC and PA 
patients.

Complication Total PC PA P

hemorrhagic stroke (N, %) 3 (0.5) 3 (0.5) 0 1.000

major bleeding after CEA requiring 

surgery (N, %)  
16 (2.4) 14 (2.4) 2 (3.0) 0.675

acute myocardial infarction (N, %) 5 (0.8) 5 (0.9) 0 1.000

cranial nerve injury (N, %) 20 (3.1) 18 (3.1) 2 (3.0) 1.000

pneumonia (N, %) 2 (0.3) 2 (0.3) 0 1.000

CEA – carotid endarterectomy; N – number; PA – patch angioplasty; PC – primary closure
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Our fi nding may suggest that selective PA 

might be an alternative instead of routine 

PA. A multicentric RCT is needed to validate 

the role of selective PA in the prevention of 
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