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Can endarterectomy of the external carotid artery
be beneﬁcial? A critical overview
Může být prospěšná endarterektomie zevní
karotické tepny? Kritický přehled
Abstract
Endarterectomy of the external carotid artery (eCEA) with an occlusion of the internal carotid artery
(ICA) stump is a less common treatment option for patients with neurological or ocular symptoms
associated with a chronic ipsilateral ICA occlusion and stenosis of the ECA in the carotid bifurcation.
The aim was to update the latest and largest published overviews concerning the outcomes of
eCEA and critically evaluate the potential beneﬁt of eCEA based on the available data. The results
of several previous observational studies have showed that eCEA might be beneﬁcial in selected
symptomatic patients with a chronic ipsilateral ICA occlusion and ECA stenosis; however, a recent
randomized study did not conﬁrm this. The ﬁndings of previous observational studies are limited
due to their great heterogeneity, retrospective design and small sample size (Grade 1, Level of
evidence C). Thus, clear evidence for the beneﬁts of eCEA is still missing.

Souhrn
Endarterektomie arteria carotis externa (eACE) při současném uzávěru arteria carotis interna
(ACI) je méně častá léčebná možnost pro pacienty s neurologickými nebo očními symptomy
spojenými s chronickým uzávěrem ACI a stenózou ACE v karotické bifurkaci. Cílem práce bylo
aktualizovat poslední a největší dosud publikované přehledy týkající se výsledků eACE a kriticky
zhodnotit potenciální prospěch z eACE na základě dostupných dat. Výsledky několika předchozích
observačních studií prokázaly, že eACE může být prospěšná u vybraných pacientů s chronickou
okluzí ACI a stenózou ACE, nicméně recentní randomizovaná studie to nepotvrdila. Výsledky
předchozích observačních studií jsou limitovány pro velkou heterogenitu, retrospektivní design
a malé počty zařazených pacientů (stupeň 1, úroveň evidence C). Jasná evidence prospěšnosti
eACE tedy stále chybí.
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Introduction
The external carotid artery (ECA) is an important collateral pathway for cerebral perfusion in cases of internal carotid artery (ICA)
occlusion and signiﬁcant ECA stenosis can
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deteriorate supportive collateral cerebral or
ocular blood ﬂow. Moreover, unstable exulcerative ECA plaque may lead to cerebral or
ocular embolization with clinical symptoms.
Thus, endarterectomy of the ECA (eCEA) may

improve collateral ﬂow and decrease the risk
of possible embolization from a source localized in the carotid bifurcation [1]. During
the last 3 years, we have performed eCEAs in
two carefully selected patients with symp-
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tomatic chronic ICA occlusion (transient ischaemic attack [TIA] in the ﬁrst patient and
recurrent amaurosis fugax in the second patient). No recurrent symptoms occurred during the follow-up exams (31 and 13 months)
and this positive result inspired us to perform a critical overview.
This paper reviews the possible beneﬁt of
eCEA in patients with symptomatic chronic
ICA occlusion based on perioperative and
late clinical outcomes published in available
literature.

Materials and methods
Search strategy

1,402 records identiﬁed through database searching
340 articles excluded
because of duplicates
1,062 potentially relevant articles
1,055 excluded as irrelevant
on the abstract level
0 additional articles identiﬁed
through the references
7 full-text articles for more detailed evaluation

In 2013, Fokkema et al published what represents, to our knowledge, the largest overview of literature concerning the outcomes
of eCEA [1]. The overview includes a series
of patients published since 1982. A multiple
electronic health database search was performed using Scopus, Medline (PubMed),
Science Citation Index, Science Direct and
Academic Search Ultimate.

5 full-text articles excluded:
• outcome of the patient was not recorded
• management of ICA occlusion, eCEA was not included
• embolism from ECA stenosis, management was not mentioned
• eCEA, but ICA was patent
• cardio-embolic origin of ECA occlusion

2 eligible articles

Inclusion criteria
All articles irrespective of publication status published between January 1, 2012 and
December 31, 2018 concerning eCEA in patients with a chronic ipsilateral ICA occlusion and ECA stenosis within the carotid
bifurcation and/or ICA stump with neurological or ocular symptoms were included
in the search. The combined search strategy included the following phrase (containing the relevant key words): external carotid
artery, external carotid artery AND stenosis, external carotid artery AND thrombus
OR thrombosis, external carotid artery AND
embolus OR embolism OR embolization,
external carotid artery AND stroke OR transient ischaemic attack OR symptoms, symptomatic external carotid artery, external carotid artery AND treatment OR therapy OR
management, external carotid endarterectomy, external endarterectomy, external
CEA, internal carotid artery occlusion, occlusion of internal carotid artery AND treatment OR therapy OR management, carotid
artery stump, carotid artery cul-de-sac, carotid stump syndrome, carotid artery stump
AND stenosis OR thrombus OR thrombosis OR embolus OR embolism OR embolization OR stroke OR TIA OR symptoms, carotid
artery cul-de-sac AND stenosis OR thrombus OR thrombosis OR embolus OR embolism OR embolization OR stroke OR TIA OR
symptoms.
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Fig. 1. Flow diagramme representing searching process.
ECA – external carotid artery; eCEA – endarterectomy of external carotid artery; ICA – internal carotid artery
Obr. 1. Vývojový diagram představující vyhledávací proces.
ECA – zevní krkavice; eCEA – endarterktomie zevní krkavice; ICA – vnitřní krkavice

The extracted data were analyzed independently by two reviewers (P. D. and D. Š.)
according to the heading title and abstract
content. Duplicate records were removed.
Any divergence was resolved using a critical discussion with final consensus. Full
articles were selected if the abstract suggested the presence of relevant data. The
reference lists of all included papers were
hand-searched.

Exclusion criteria
Papers in languages other than English, papers concerning eCEA in patients without
related neurological or ocular symptoms,
without ipsilateral ICA occlusion, with adjunctive subclavian or common carotid artery (CCA)-ECA bypass or with following extracranial-intracranial (EC-IC) bypass, for jaw
claudications were excluded.
The main endpoints of the review were
30-day stroke/ death, recovery/ improvement of symptoms, late stroke/death/vascular death and restenosis/occlusion. Recovery
of symptoms was deﬁned as no recurrence

of related symptoms and improvement was
deﬁned as reduction of their frequency.

Results
Our selective searching found two eligible articles. A detailed ﬂow diagramme of
the searching process is presented in Fig. 1.
The prospective randomized study found
showed only one death due to myocardial
infarction 6 months after surgery and one
vascular event in the medically treated subgroup. Thus, an eCEA with surgical treatment of carotid stump syndrome was considered safe. Nevertheless, the low risk of
stroke or TIA in both surgically and medically
treated patients makes the beneﬁt of surgery controversial [2]. Moreover, this study
was not registered, did not provide any information about statistical analysis including
pre-study power analysis and a small number of patients was included. Thus, the Level
of Evidence for this randomized clinical trial
is low. Additionally, this study did not monitor the occurrence of restenoses or occlusions during follow-up.
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The second publication found presented
a retrospective study involving nine patients who underwent eCEA with patching
including over-sewing the origin of ICA or
CCA-ECA stenting. All patients experienced
complete recovery of clinical symptoms.
One patient suﬀered from a myocardial infarction 30 days after the CCA-ECA stenting. One patient was lost to follow-up and
none of the remaining eight patients died or
suﬀered from recurrent ischaemic stroke. In
one patient, a hybrid procedure – eCEA with
retrograde CCA stenting – was performed
on both sides. The next patient with eCEA
underwent CCA stenting 1 year later with
a complete recovery of ocular symptoms
after procedure. Only three patients underwent single eCEA. Postoperative duplex US
after eCEA was performed only in two patients (13 months and 3 years after eCEA)
without detection of signiﬁcant restenosis in
both patients. The authors considered eCEA
with surgical treatment of carotid stump
syndrome or CCA-ECA stenting safe and effective despite the described procedure heterogeneity, retrospective design and small
sample size [3].

Discussion
The management of patients with symptomatic chronic ICA occlusion is still under
discussion and remains controversial. A different natural clinical course with a limited
prediction of risk of recurrent events are the
main reasons. Most patients, with acute ischaemic stroke due to chronic ICA occlusion
present with mild or moderate neurological
symptoms. In some patients the occlusion is
detected accidentally without clinical symptoms or with radiologically documented silent ischaemic strokes on CT or MRI. However, new events may occur later [4]. Several
studies have demonstrated that the annual risk of recurrent ischaemic stroke due
to symptomatic ICA occlusion ranged from
3.8 to 5.9% despite the best medical treatment [5,6]. Others showed an annual stroke
rate up to 10% and the combined rate for
TIA and stroke about 20% [1]. For this reason, surgery should be considered as a preventive treatment option. The Carotid Occlusion Surgery Study randomized trial
showed no benefit in stroke prevention
with EC-IC bypass in patients with symptomatic ICA occlusion when compared to patients with the best medical treatment [1].
This fact renewed the interest in eCEA in patients with symptomatic ICA occlusion and
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concomitant stenosis of ECA in the carotid
bifurcation.
The ECA is an important collateral pathway for cerebral perfusion when the ICA becomes occluded, mainly through the ophthalmic artery. It was demonstrated that
the ECA supported up to 30% of the cerebral blood ﬂow in the case of bilateral ICA
occlusion [7] and a 12% decrease in middle cerebral artery blood ﬂow velocity was
found in ECA clamping during a carotid
endarterectomy [8].
In the case of ICA occlusion, signiﬁcant
ECA stenosis can decrease cerebral blood
ﬂow and unstable, exulcerative ECA plaque
can lead to an embolization. Both may cause
neurological or ocular symptoms. Endarterectomy of the external carotid artery may
improve cerebral or ocular hypoperfusion
and remove a possible embolic source localized within the carotid bifurcation. Increased
cerebral blood ﬂow after ECA revascularization has been documented [9].
The low ﬂow, embolization from ECA/CCA
stenosis or from non-occluded proximal remnant (a ‘stump’ or ‘cul-de-sac’) of an occluded
ICA through collateral vessels and intracranial
embolization or propagation of thrombus
from the distal occluded ICA have been established as mechanisms of neurological and
ocular symptoms [1]. It is obvious that eCEA
can inﬂuence the ﬁrst two mechanisms.
Thrombi or ulcerative plaques were observed in the ICA stump in symptomatic
patients even in the absence of signiﬁcant
ECA/CCA stenosis. Furthermore, these patients showed symptom recovery after eCEA
with ICA stump obliteration [1]. Others documented the majority of restenosis or ECA
occlusions after eCEA in patients without
ICA stump obliteration and the fact that in
all patients with recurrent symptoms, the
ICA stump was not obliterated [1]. Therefore, obliteration of the ICA stump should be
a routine part of the procedure.
Some previous studies showed the superiority of patch arteriotomy closure (venous,
prosthetic or ICA transposition ﬂap) to primary closure for patency [1], others demonstrated improved patency after eCEA with
ICA transposition ﬂap when compared with
other surgical techniques [1].
As reported, the Carotid Occlusion Surgery
Study randomized trial failed to show beneﬁts in stroke prevention in patients with-ECIC bypass [1]. It can be speculated that the
beneﬁt of eCEA may relate to the fact that
in contrast to an EC-IC bypass, eCEA can not

only improve cerebral hypoperfusion, but
also eliminate the source of the emboli.
To date, the largest overview of literature
concerning the outcomes of eCEA was likely
that presented by Fokkema et al in 2013 [1].
The aim of our review was to extend it by
adding new papers concerning this topic
and to evaluate the potential benefit of
eCEA in patients with a chronic ipsilateral
ICA occlusion and ECA stenosis within the
carotid bifurcation and/or ICA stump with
neurological or ocular symptoms.
Similarly to Fokkema et al [1], we did not
include publications concerning patients
who underwent eCEA for jaw claudications.
In these cases, only the ECA stenosis is the
source of symptoms and has no relation to
possible ipsilateral chronic ICA occlusion.
Numerous reports demonstrated a low
risk of the procedure and recovery or improvement of symptoms in the majority of
patients during follow-up with an acceptable rate of restenosis [1–3]. In 17 out of 21 analyzed studies, most of which were also included in the overview by Fokkema et al [1],
no patients suﬀered from stroke or died during the post-operative 30-day follow-up.
Recovery or improvement of clinical symptoms was observed in 63–100% of the patients (a 100% eﬀect was achieved in eight
of all the analyzed studies). The rate of restenoses was recorded in 9 out of 21 studies;
no restenoses were observed in four studies
and ranged between 14.0–36.4% in the remaining studies.
However, the reported data are limited due to the retrospective design, study
hetero geneity and small sample sizes.
Moreover, the majority of these reports were
published before 2012 and they did not
meet our inclusion criteria. Very limited data
about patients with chronic symptomatic
ICA occlusion, who underwent eCEA solely,
are available. Some reports also included
asymptomatic patients [1] or patients with
nonrelated or unclear symptoms [1]. Others included patients with recent ICA occlusion [1,10], in whom ICA thrombendarterectomy failed to reopen the ICA and eCEA was
performed. In other series, some patients
underwent eCEA preceding EC-IC bypass
surgery or combined with adjunctive subclavian or CCA-ECA bypass. It is evident that
these procedures exposed the patients to
a higher operative risk than those receiving
eCEA alone [1]. The inclusion of data about
the degree of ECA stenosis or type of eCEA
in our overview was not possible, as these
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data were missing from a substantial majority of the analyzed studies.
The majority of authors emphasized
a careful selection of patients for eCEA.
Although some previous series included
asymptomatic patients, it is evident that
a clear indication for the procedure in
asymptomatic individuals does not yet exist.
In addition, it was suggested that there was
no beneﬁt of eCEA in patients with ICA occlusion and without further recurrent neurological or ocular symptoms due to the development of suﬃcient collateral pathways [1].
This suggestion was based on the ﬁnding
that some patients did not have recurrent
symptoms after eCEA despite ECA restenosis
or occlusion [1]. Thus, only recurrent events,
especially amaurosis fugax and hemispheric
TIA may justify the indication for surgery. In
the set of Fokkema et al [1], 77.8% of the patients indicated for eCEA experienced recurrent events. Nevertheless, no direct comparison between patients with a single event
and those with recurrent events who have
undergone eCEA is available. The ‘non-lateralizing’ symptoms often given in relation to
carotid stenosis in previous studies are now
considered as unrelated.
Duplex ultrasound (or CTA/MRA) degree
of ECA/CCA stenosis indicated for eCEA is
poorly documented. In the available studies,
the authors included patients with stenosis ≥ 50% or unstable lesion, i.e., ulceration
or thrombus in carotid bifurcation including
ICA stump [1]. This means that the indication
for eCEA was based on the same approach
as the indication for internal CEA.
We suggest that patients with ICA occlusion and severe ECA stenoses should undergo CTA for an exclusion of aortic arch pathology and stenoses of CCA origin, as well
as transoesophageal echocardiography and
Holter ECG monitoring to exclude major cardiac sources of embolization before indication for eCEA.
Embolization and hypoperfusion are considered the main causes of cerebral or ocular symptoms. An assessment of intracranial
collateral patterns using transcranial duplex
imaging is very important for eCEA indication in those patients with signiﬁcant ECA
stenosis and presumed cerebral hypoperfusion. Conversely, unstable ulcerative le-
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sions in carotid bifurcation with a high risk
of embolization can be indicated for surgery
without the evaluation of intracranial collateral patterns.
Some authors prefer contralateral CEA in
the case of signiﬁcant contralateral ICA stenosis in patients with symptomatic ICA occlusion and concomitant ECA/CCA stenosis
for a documented reduction of symptoms
and recurrent events [1]. The assessment of
collateral ﬂow must precede the indication
of contralateral CEA. It is generally accepted
that this surgery might improve insuﬃcient
collateral ﬂow with hypoperfusion on the
side of the occluded ICA.
A speciﬁc treatment management should
be applied in each individual patient. In
the case of plaque with high risk of embolization localized in the carotid bifurcation
on the side of ICA occlusion and contralateral signiﬁcant ICA stenosis, eCEA should be
considered as the ﬁrst step in preventing recurrent ischaemic stroke due to hypoperfusion in the territory of the occluded ICA.
Recently, selective arterial spin-labelled perfusion MRI was introduced as a method to
assess the contribution of the individual arteries to the perfusion of the brain [1,11]. This
method may help better select those patients with presumed hypoperfusion mechanism of cerebral symptoms for eCEA or
contralateral CEA.
Last but not least, general conditions such
as quality of life, life expectancy and risk of
surgery must be considered before eCEA.
Patients with a short life expectancy or patients with a high risk for surgery should not
be candidates for the procedure.
We should consider that the above mentioned beneﬁt of eCEA is based on case series studies with retrospective design, great
heterogeneity and small sample sizes. No
relevant study has been performed to date.
However, the Society for Vascular Surgery
guidelines from 2011 [12] recommended
eCEA in symptomatic patients with ICA occlusion (Grade 1, Level of Evidence C); the
current guidelines of the European Society
for Vascular Surgery [13] provide no recommendation. We have found only two relevant papers since 2012, probably due to
the low number of treated patients and low
awareness about eCEA worldwide.

Conclusion
Despite numerous previous case series reports with the potential benefit of eCEA
in selected symptomatic patients with
a chronic ipsilateral ICA occlusion and ECA
stenosis, we have still no suﬃcient evidence
favouring eCEA based on randomized or
reliable studies. The findings of previous
studies are limited due to their insuﬃcient
methodology, thus the indication and beneﬁt of eCEA remain unclear.
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