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WHAT THIS PAPER ADDS

Closure of the arteriotomy for carotid endarterectomy is controversial. Previous randomised controlled trials have
shown the benefit of routine patch closure over routine primary closure; however, many surgeons still prefer
selective patch closure to minimise carotid clamp time and avoid using prosthetic material. The present study
shows that primary closure should be avoided and that endarterectomy should be performed with either routine
patch closure or using the eversion technique.The study also shows that the long term durability of different patch
materials is equivalent, and that bovine pericardium and eversion have a lower risk of late infections.
Objective: Current European guidelines recommend both eversion carotid endarterectomy (CEA) and
conventional CEA with routine patch closure, rather than routine primary closure. Polyester and
polytetrafluoroethylene (PTFE) have been used as patch material for a long time. More recently, bovine
pericardium has been used; however, there are few studies comparing long term results between bovine
pericardium and other patch types. The aim of this study was to investigate the short and long term results
after CEA depending on surgical technique and patch material.
Methods: A registry based study on all primary CEAs (n ¼ 9 205) performed for symptomatic carotid artery
stenosis in Sweden from July 2008 to December 2019, cross linked with data from the Swedish stroke registry,
Riksstroke, and chart review for evaluation of any events occurring during follow up. The primary endpoint was
ipsilateral stroke < 30 days. Secondary endpoints included re-operations due to neck haematoma and < 30
day ipsilateral stroke, > 30 day ipsilateral stroke, all stroke > 30 days, and all cause mortality.
Results: 2 495 patients underwent eversion CEA and 6 710 conventional CEA for symptomatic carotid stenosis.
The most commonly used patch material was Dacron (n ¼ 3 921), followed by PTFE (n ¼ 588) and bovine
pericardium (n ¼ 413). A total of 1 788 patients underwent conventional CEA with primary closure. Two
hundred and seventy-three patients (3.0%) had a stroke < 30 days. Primary closure was associated with an
increased risk of ipsilateral stroke and stroke or death <30 days: odds ratio 1.7 (95% confidence interval [CI]
1.2 e 2.4, p ¼ .002); and 1.5 (95% CI 1.2 e 2.0), respectively. During follow up (median 4.2 years), 592
patients had any form of stroke and 1 492 died. There was no significant difference in long term risk of
ipsilateral stroke, all stroke, or death depending on surgical technique or patch material.
Conclusion: There was an increased risk of ipsilateral stroke < 30 days in patients operated on with primary
closure compared with eversion CEA and patch angioplasty. There was no difference between primary closure,
different patch types, or eversion after the peri-operative phase.
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INTRODUCTION

There are several methods of performing carotid endar-
terectomy (CEA), each with its advantages and disadvan-
tages. The most commonly used techniques for CEA are
eversion and conventional endarterectomy.
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Eversion uses no prosthetic material and shortens the
clamp time but makes the operation more technically
demanding if there is a need for shunt use. A Cochrane
analysis showed significantly less re-stenosis and occlusion
in eversion, and a non-significant trend in favour of eversion
technique with respect to cranial nerve injuries.1 In a cohort
study with 1 737 CEA cases the type of closure affected
neither the peri-operative nor the long term risk of stroke
after CEA.2 A meta-analysis demonstrated that eversion is
associated with an increased risk of post-operative
hypertension.3

Arteriotomy closure in conventional endarterectomy
could either be direct (primary closure) or with a patch
(patch closure). Primary closure uses no prosthetic material
and shortens the clamp time compared with patch closure.
However, a Cochrane review found that patch closure was
associated with a decreased risk of peri-operative ipsilateral
stroke and arterial occlusion, and also with decreased re-
stenosis during follow up.4 However, small sample sizes
and significant loss to follow up have made these results
uncertain. A recently published systematic review found no
difference in stroke rates between direct suture and patch
closure in cohort studies.5

Selective patch use has not been studied in randomised
controlled trials but is often applied in clinical practice.6

There are several available patch types on the market.
Dacron, vein and polytetrafluoroethylene (PTFE) have been
used for a long time, and in more recent years, bovine
pericardium has been used. Bovine pericardium may have
the advantage of greater resistance to late infections and
smaller haematomas than other patch types, but there are
few long term follow up studies comparing bovine peri-
cardium with other patch materials.

Furthermore, a large cohort trial showed that eversion
and conventional CEA are equally effective provided that
conventional CEA is performed with patch angioplasty.7

Current European guidelines recommend both eversion
CEA and conventional CEA with routine patch closure,
rather than routine primary closure;8 however, many sur-
geons prefer selective patching and there remains much
controversy about the relative benefits of the different
surgical techniques and patches for CEA. The aim of this
study was to evaluate the short and long term outcomes
after CEA based on surgical technique and patch types.
MATERIALS AND METHODS

Data on all primary carotid procedures for symptomatic
stenosis performed in Sweden, prospectively registered in
the Swedish National Registry for Vascular Surgery, Swed-
vasc, between July 2008 and December 2019, were ob-
tained and used for this retrospective cohort study analysis.
Records were excluded for patients treated with carotid
artery stenting (CAS), redo (ipsilateral) procedures, sec-
ondary (contralateral) procedures, and carotid procedures
for other indications than symptomatic carotid stenosis
(e.g., asymptomatic carotid stenosis, dissections, aneu-
rysms, trauma, and before coronary artery bypass grafting).
The study was approved by the ethics committee (EPN dnr
2017/1223-31 and EPN dnr 2021-04167).

Clinical data and risk factors were retrieved from the
Swedvasc registry as well as 30 day outcome events.
Follow up at 30 days includes clinical examination by a
vascular surgeon or neurologist, depending on local prac-
tice. As has been described earlier, the Swedvasc registry
has a very high external and internal validity for carotid
procedures.9 Since every person in Sweden has a unique
12 digit identification number, cross linking between
Swedvasc and other registries is possible. Data from
Swedvasc were cross linked to the Swedish population
registry to obtain information on survival with 100% ac-
curacy for all Swedish individuals. The Swedish Stroke
Register (Riksstroke) is a quality registry where all hospitals
in Sweden report ischaemic and haemorrhagic strokes.
Riksstroke covers approximately 96% of all strokes.10 The
identified cohort from Swedvasc with procedures per-
formed between 1 July 2008 and 30 September 2017 was
cross matched against the Riksstroke registry for evalua-
tion of any stroke occurring beyond 30 days during follow
up. Charts were obtained for all patients with a stroke
more than 30 days after the operation to determine the
brain territory affected.

Outcome and definitions

The primary endpoint was ipsilateral stroke < 30 days.
Secondary endpoints were any stroke or death < 30 days,
acute myocardial infarction (AMI) < 30 days, re-operation
due to neck haematoma, myocardial infarction < 30 days,
ipsilateral stroke > 30 days, any stroke > 30 days, all cause
mortality, and risk of re-operation.

Continuous data with symmetrical distribution are pre-
sented with mean � standard deviation (SD) and skewed
data with median and interquartile range (IQR). Peri-
operative results were analysed by mixed logistic regres-
sion using GEE (generalised estimating equation) adjusted
for demographics, shunt use, and risk factor profile with
random operating centre effect. Since the study extended
over 11 years and practices have changed over time, this
was also adjusted for.

Time to ipsilateral stroke, all stroke, and death were
analysed by Cox regression adjusted for demographics and
risk factor profile (age, sex, smoking, hypertension, dia-
betes, pulmonary disease, renal insufficiency, ischaemic
heart disease, qualifying neurological event and degree of
carotid stenosis). Data were imputed by creating a new
“missing” category for all missing values in covariables.

RESULTS

In total, 9 205 patients were included, all treated for
symptomatic carotid stenosis. Baseline characteristics are
presented in Table 1. The mean age was 72.5 � SD 8.2



Table 1. Baseline characteristic of 9 205 patients undergoing carotid endarterectomy (CEA) for symptomatic carotid artery stenosis
in Sweden from 2008 to 2019

Variable Eversion CEA
(n [ 2 495)

Primary closure
(n [ 1 788)

Dacron
(n [ 3 921)

PTFE
(n [ 588)

Bovine
pericardium
(n [ 413)

p value

Age e y 73.2 � 8.2 73.1 � 7.6 71.7 � 8.3 73.0 � 8.5 73.2 � 8.2 <.001
Male sex 65.7 74.6 65.5 61.9 64.9 <.001
Current smoker 19.7 18.4 21.1 23.6 23.5 <.001
Hypertension 72.2 82.9 77.6 79.8 83.8 <.001
Diabetes 19.5 22.2 19.6 21.2 23.0 <.001
Pulmonary disease 10.5 10.8 9.5 10.4 9.4 <.001
Renal insufficiency 7.5 7.2 6.9 8.6 8.4 .85
Dialysis 1.0 1.0 0.8 1.0 0.5 <.001
Ischaemic heart disease 27.9 31.8 28.8 30.1 31.7 <.001
Qualifying neurological event .050

Amaurosis fugax 19.8 19.2 20.4 17.2 14.3
TIA 40.6 38.8 38.6 42.6 44.5
Minor stroke 35.7 37 36.6 35.2 37.3
Major stroke 2.2 2.5 2.6 3.6 1.7
Crescendo TIA 1.7 2.5 1.8 1.4 2.2

Ipsilateral degree of stenosis e NASCET <.001
<50% 8.7 5.0 5.4 5.4 5.6
50e69% 25.4 32.3 28 7 27.7 16.9
70e99% 65.9 62.7 65.9 66.9 77.5

Contralateral degree of stenosis e NASCET <.001
<50% 79.6 75.1 74.6 74.9 71.4
50e69% 9.5 12.5 12.5 10.5 11.4
70e99% 7.7 7.7 8.1 9.5 12.6
Occlusion 3.2 4.6 4.8 5.1 4.4

Pre-operative thrombolysis 8.5 12.7 11.4 17.7 10.9 .002
Time between qualifying event

and surgery e d
8 (9) 8 (10) 7 (9) 9 (10) 7 (6) .35

Shunt use 7.2 20.1 31.0 36.7 40.2 <.001

Data are presented as mean � standard deviation, %, or median (IQR). PTFE ¼ polytetrafluoroethylene; TIA ¼ transient ischaemic attack;
NASCET ¼ North American symptomatic carotid endarterectomy trial; IQR ¼ Interquartile range.
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years, 32.9% were female, and 20.3% had diabetes. The
majority had transient ischaemic attack (TIA) or minor
stroke as the qualifying neurological event; only 19.5%
presented with amaurosis fugax. Of the patients, 11.2% had
undergone pre-operative thrombolysis. There were 4.3%
with contralateral carotid occlusion, and 65.8% of the pa-
tients had an ipsilateral stenosis of 70 e 99% (measured
according to North American Symptomatic Carotid Endar-
terectomy Trial criteria). Average time from qualifying
neurological event to operation was eight days (IQR 9), and
76.6% of the patients were operated on within 14 days from
the index neurological event.

The 9 205 patients operated on with CEA during the study
period were divided according to type of endarterectomy:
eversion (n ¼ 2 495) or conventional (n ¼ 6 710), and the
latter group were subdivided depending on type of patch or
primary closure. Dacron was most frequently used as patch
material (n ¼ 3 921) followed by PTFE (n ¼ 588). Bovine
pericardium was introduced in Sweden in 2013, and, as
described in Supplementary Fig. S1, has become more
frequently used over time. Currently, 24.0% of the patches
used are from bovine pericardium. Primary closure was used
in 19.4% of the patients (n ¼ 1 788), equivalent to 26.6% of
the conventional CEAs. Only two of 23 centres used primary
closure in more than 50% of conventional CEAs.
Peri-operative results < 30 days from operation

As described in Table 1, there were multiple small and large
differences in patient characteristics between the groups. A
larger proportion of men were treated with primary closure,
74.6%, compared with 65.7% in the eversion group, 65.5% in
the Dacron group, 61.9% in the PTFE group, and 64.9% in the
bovine pericardium group (p < .001). Diabetes and contra-
lateral occlusion were less prevalent in patients treated with
eversion, and amaurosis fugax was less frequently the quali-
fying event in patients treatedwith bovine pericardium.There
was greater shunt use in the groups using patch than eversion
and primary closure, ranging from 40.2% in the bovine peri-
cardium group, 36.7% in the PTFE group, 31.0% in the Dacron
group, 20.1% in the primary closure group, and 7.2% in the
eversion group (p < .001).

Major complications. Stroke < 30 days and stroke or death
< 30 days for the whole cohort was 3.0% (95% CI 2.6 e 3.3)
and 3.4% (95% CI 3.0 e 3.8), respectively, as shown in
Table 2. Other complications that occurred within 30 days
were death 0.8%, AMI 1.1%, cranial nerve injuries 4.3%, re-
operation due to haematoma 3.3%, intracerebral haemor-
rhage 0.5%, and hyperperfusion syndrome 0.4% (Table 3).

In a risk factor adjusted analysis, primary closure was
associated with a significantly increased risk of ipsilateral



Table 2. Odds ratio (OR) with corresponding 95% confidence interval (CI) for stroke or death within 30 days from carotid
endarterectomy for symptomatic carotid artery stenosis in 9 205 patients in Sweden from 2008 to 2019

Ipsilateral stroke Any stroke Ipsilateral stroke or death Any stroke or AMI

OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value

Dacron Ref Ref Ref REF
Primary closure 1.7 (1.2e2.4) 0.002 1.5 (1.1e2.1) 0.011 1.7 (1.2e2.2) 0.001 1.3 (1.0e1.7) .039
PTFE 1.3 (0.7e2.5) 0.41 1.4 (0.8e2.6) 0.23 1.4 (0.8e2.5) 0.29 1.3 (0.8e2.2) .36
Bovine pericardium 0.8 (0.3e2.3) 0.61 1.0 (0.7e1.6) 0.84 0.9 (0.5e1.6) 0.71 0.6 (0.6e1.8) .85
Eversion 1.5 (0.9e2.6) 0.15 1.4 (0.9e2.3) 0.15 1.4 (0.9e2.4) 0.14 1.3 (0.9e1.8) .15

PTFE ¼ polytetrafluoroethylene; AMI ¼ acute myocardial infarction.

Table 3. Odds ratio (OR) with corresponding 95% confidence interval (CI) for other major complications within 30 days from
carotid endarterectomy for symptomatic carotid artery stenosis in 9 205 patients in Sweden from 2008 to 2019

Death AMI Cranial nerve
injury

Re-operation for
neck haematoma

Intracerebral
haemorrhage

Hyperperfusion
syndrome

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Dacron Ref Ref Ref Ref Ref Ref
Primary closure 1.4 (1.0e2.1) 0.7 (0.4e1.2) 1.1 (0.6e2.1) 0.9 (0.7e1.2) 0.9 (0.4e2.1) 1.1 (0.6e2.1)
PTFE 1.3 (0.7e2.5) 0.7 (0.3e1.6) 0.7 (0.4e1.0) 0.8 (0.5e1.5) 0.7 (0.1e3.6) 1.5 (0.4e5.0)
Bovine pericardium 1.2 (0.8e2.3) 0.7 (0.1e3.6) 0.2 (0.05e1.1) 0.8 (0.4e1.7) 2.1 (1.2e3.8) 0.7 (0.1e3.5)
Eversion 1.2 (0.8e1.9) 0.9 (0.5e1.5) 0.5 (0.3e0.8) 1.0 (0.8e1.2) 1.2 (0.6e2.6) 2.7 (0.9e7.6)

PTFE ¼ polytetrafluoroethylene; AMI ¼ acute myocardial infarction.
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stroke (odds ratio [OR] 1.7; 95% CI 1.2e2.4; p ¼ .002), and
any stroke or death < 30 days (OR 1.5; 95% CI 1.2 e 2.0)
compared with Dacron patch closure. Post-operative intra-
cerebral haemorrhage < 30 days was more common in the
bovine pericardium group (OR 2.1; 95% CI 1.2 e 3.8) than in
the Dacron group. When comparing primary closure with all
patches combined, there was a highly significant increased
risk of ipsilateral stroke (OR 1.6; 95% CI 1.2 e 2.2; p ¼ .002)
(Supplementary Table S1). There were no significant dif-
ferences between various types of patches or eversion with
respect to any stroke or death. There were no significant
differences between the groups with respect to death, AMI,
nor re-operation due to neck wound haematoma.
Table 4. Cox regression analysis of complication rate >30 days afte
symptomatic carotid artery stenosis in 9 205 patients in Sweden fr

Crude Age and

HR (95% CI) p value HR (95%

Ipsilateral stroke after 30 d
Eversion e ref
Primary closure 1.12 (0.74e1.68) .60 1.17 (0.
Patch closure 1.17 (0.84e1.64) .35 1.23 (0.

All stroke after 30 d
Eversion e ref
Primary closure 1.18 (0.93e1.51) .18 1.21 (0.
Patch closure 1.09 (0.89e1.34) .41 1.16 (0.

All cause mortality after 30 d
Eversion e ref
Primary closure 0.92 (0.79e1.07) .30 0.98 (0.

Patch closure 0.87 (0.77e0.98) .025 0.98 (0.

HR¼ hazard ratio; CI ¼ confidence interval.
When comparing eversion with all patches, eversion was
not associated with an increased risk of ipsilateral stroke >
30 days (OR 1.5; 95% CI 0.9 e 2.2; p ¼ .14), but there was a
borderline significantly increased risk of hyperperfusion
syndrome (OR 2.5; 95% CI 1.0 e 6.5; p ¼ .052).
Long term outcome

Patients operated on between 1 June 2008 and 30
September 2017 (n ¼ 7 694) and surviving 30 days were
followed until censoring for end point (ipsilateral stroke, any
stroke, or death) or until study end. Median follow up time
was 4.2 years, equivalent to a total follow up of 32 084
r surgery depending on carotid endarterectomy technique for
om 2008 to 2019

sex adjusted Multivariable adjusted

CI) p value HR (95% CI) p value

78e1.77) .44 1.13 (0.74e1.72) .56
88e1.72) .22 1.21 (0.86e1.70) .27

95e1.55) .12 1.18 (0.92e1.52) .19
94e1.42) .17 1.15 (0.94e1.42) .18

84e1.14) .79 0.94 (0.80e1.09) .41
87e1.11) .74 0.98 (0.86e1.11) .72
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Figure 1. Cumulative KaplaneMeier estimate of risk of ipsilateral
stroke after 30 days in patients treated with carotid endarterec-
tomy with eversion (solid line), patch closure (dotted line), or
primary closure (dashed line) for symptomatic carotid artery ste-
nosis. Note the adapted scale for y-axis.
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Outcome after Primary CEA for Symptomatic Carotid Stenosis Depending on Closure Technique and Patch Type 471
person years. During follow up, 592 patients (7.7%) had a
stroke and 1 492 died (19.4%).

In the long term follow up, there was no significant dif-
ference with respect to ipsilateral stroke after 30 days, all
stroke after 30 days, or all cause mortality between patients
operated on with eversion, primary closure, or patch closure
(Table 4) after multivariable adjustment. Additionally, there
was no difference in various patch types with respect to
ipsilateral stroke, all stroke, or all cause mortality after the
peri-operative period (Supplementary Table S2).

KaplaneMeier plots of the risks of ipsilateral stroke, all
stroke, and death are shown in Figures 1, 2, and 3,
respectively, for primary closure, eversion, and patch
closure.

Besides re-operation due to surgical site bleeding and
acute re-operations in the first 30 days, 61 patients (0.66%)
were re-operated on the ipsilateral side during follow up.
The main reasons for re-operation were deep infection (n ¼
21) or re-stenosis (n ¼ 40). Time from primary operation
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Figure 2. Cumulative KaplaneMeier estimate of risk of all stroke
after 30 days in patients treated with carotid endarterectomy with
eversion (solid line), patch closure (dotted line) or primary closure
(dashed line) for symptomatic carotid artery stenosis. Note the
adapted scale for y-axis.
was a median 15 months (range 1 e 116). No patients
operated on with bovine pericardium or eversion required
re-operation for infection.
DISCUSSION

This nationwide cohort, including 9 205 symptomatic ca-
rotid patients with long term follow up, underlines the
variation in surgical techniques used for CEA in Sweden,
with up to 20% of patients being operated on with primary
closure without patch, and increasing use of bovine peri-
cardium over recent years. Interestingly, the analysis shows
that primary closure of the carotid artery after endarter-
ectomy was associated with an increased risk of ipsilateral
stroke within 30 days from the procedure compared with
patch closure with Dacron, but no difference between pri-
mary closure or patch closure or eversion after the peri-
operative phase. This is similar to what has been demon-
strated for CEA vs. carotid artery stenting,11 and underlines
the importance of optimising the peri-operative period.
Also in a cohort study on mainly asymptomatic patients,
they found a similar low stroke rate, after the peri-operative
phase, in patients treated with primary closure, patch
closure, or eversion.12

In a Cochrane analysis from 2009, patch angioplasty was
associatedwith a decreased risk of ipsilateral strokewithin 30
days.4 A subgroup analysis of patients randomised to CEA in
the International Carotid Stenting Study also showed an
increased rate of re-stenosis in patients operated on with
primary closure comparedwith patch angioplasty or eversion
CEA.13 Similar results were shown in a large retrospective
cohort study of 14 636 patients undergoing CEA, with higher
rates of restenosis and post-operative stroke or TIA after
primary closure compared with patch angioplasty.14 Howev-
er, a large cohort study revealed that it was possible to ach-
ieve results with primary closure similar to patch closure,2

although the patients operated on with primary closure
had more experienced surgeons and were more likely to be
non-smokers than patients operated on with patch angio-
plasty or eversion CEA. In the current study, background data
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indicated that there is a selection in patients with primary
closure: 74.6%weremen comparedwith 65.7%with eversion
and 65.0% with patch closure. Possibly primary closure has
been used in men with a larger diameter internal carotid
artery (ICA). Also, the fact that only two of 23 vascular centres
used primary closure in more than 50% of conventional CEAs,
indicating a widespread use of selective primary closure.
Interestingly, a shunt was used 62% more often in patients
with patch closure than primary closure.While the analysis of
peri-operative stroke and death was performed with adjust-
ment for patient demographics and risk factors, peri-
operative use of shunt was not included in the adjustment,
and may therefore contribute to this difference in outcome.

Bovine pericardium has become more popular over time,
and currently more than a quarter of all patches used
during CEA in Sweden are from bovine pericardium. Bovine
pericardium has some theoretical advantages over synthetic
patch materials, with less risk of patch infections and
possibly less bleeding. One randomised controlled trial
showed less suture line bleeding when using a bovine
pericardial patch compared with Dacron.15 Additionally, a
recently published cohort study indicated a lower risk of
returns to the operating theatre with a bovine pericardial
patch than with other synthetic patch materials.16 In the
present study, bovine pericardium had no benefit with
respect to stroke or death compared with Dacron, and there
was no difference in risk of re-operation due to haema-
toma. However, the current dataset did not include data on
dual antiplatelet therapy (DAPT) prior to surgery. A causal
relationship with intracerebral haemorrhage is unlikely, and
more possible that bovine pericardium is used more
frequently when patients are on DAPT due to its superiority
in haemostasis compared with other patch types, and this
may also explain why bovine pericardium was associated
with an increased rate of intracerebral haemorrhage,
although the numbers were low.

There was a borderline increased risk of ipsilateral stroke
< 30 days in patients operated on with eversion compared
with patched CEA. This contrasts with a meta-analysis of
randomised and observational studies.17 One can only
speculate the reasons for these results, but shunt use is
technically demanding when performing eversion, and in
the present study, with only symptomatic patients, there
might have been an underuse of shunting in patients
treated with eversion technique.

In the present study, eversion was also associated with an
increased risk of hyperperfusion syndrome. The CIs were
large, so there may be a statistical type 1 error, but, on the
other hand, eversion increases the risk of post-operative
hypertension,3 so there might be a causal relationship.

The patients were followed for up to nine years after
surgery, with a median 4.2 years. There were no differences
between eversion and conventional CEA, nor primary
closure vs. patch closure beyond 30 days from operation
with respect to ipsilateral stroke, all stroke, or death. All
different patches seemed to be effective at preventing new
stroke and none of them was found to be superior to
another.

There was a very low incidence of re-operations after the
peri-operative period. Less than 1% were re-operated on,
mainly due to symptomatic re-stenosis or late patch infection.
No infections were found in the eversion group nor in primary
operation with bovine pericardium group. One patient with
primary closure was operated on for late deep infection. Even
though there was no information about the number of
medically treated infections, this finding strengthens the
theoretical advantage of lower risk of late infections with the
bovine pericardium or eversion technique.

The results of the current study should be interpreted
within the context of the strengths and limitations associ-
ated with retrospective analysis of prospectively collected
registry data. The high validity of the Swedvasc registry, with
almost 100% coverage for all carotid procedures performed
in Sweden, and the possibility for cross linkage of data
based on unique personal identifiers to assess long term
survival and stroke outcome result in high generalisability
and low loss to follow up in this study. However, considering
that the study assesses carotid procedures performed over
10 years in Sweden, changes in practice over time may be a
confounder affecting results for factors not captured by the
registry. This may include changes in medical management
of patients prior to surgery, including pre-operative
thrombolysis or antiplatelet therapy, as well as changes in
peri-procedural routines, such as use of different techniques
for cerebral monitoring during carotid surgery. Also, the
Swedvasc registry did not include data on arteriotomy
length, width of ICA, type of anaesthesia, and intracerebral
vessel network, so these variables were not corrected for.
The multivariable analyses in the study included patient
demographics and risk factors to mitigate the risk of results
being affected by differences in patient selection for various
techniques, but the risk of presence of residual confounders
especially related to the above mentioned time related
factors cannot be excluded.

Perhaps the main takeaway from the current study is that
primary closure during CEA is associated with an increased
risk of post-procedural stroke and should not be used.While it
has previously been shown that routine primary closure in-
creases the risk of an ipsilateral neurological event, the cur-
rent report underlines that selective primary closure remains
common practice by some surgeons. Further educational ef-
forts to move towards routine patch closure or eversion
endarterectomy among all carotid surgeons is warranted.
Conclusions

In this nationwide cohort study, including all CEAs performed
for symptomatic carotid stenosis, primary closure was asso-
ciated with an increased risk of ipsilateral stroke compared
with patch closure and eversion. The use of a bovine peri-
cardial patch increased over time, and there was no differ-
ence in outcome between primary closure, different patch
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types, or eversion after the peri-operative period. Bovine
pericardium and eversion have a lower risk of late infections.
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