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Can endarterectomy of the external carotid artery

be beneficial? A critical overview

Muze byt prospesna endarterektomie zevni
karotické tepny? Kriticky prehled

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) pfi sou¢asném uzavéru arteria carotis interna
(ACI) je méné castd lécebnd moznost pro pacienty s neurologickymi nebo ocnimi symptomy
spojenymi s chronickym uzavérem ACl a stendzou ACE v karotické bifurkaci. Cilem prace bylo
aktualizovat poslednf a nejvétsi dosud publikované prehledy tykajici se vysledkd eACE a kriticky
zhodnotit potencidlni prospéch z eACE na zékladé dostupnych dat. Vysledky nékolika predchozich
observacnich studif prokézaly, ze eACE mUze byt prospésna u vybranych pacientd s chronickou
okluzi ACI a stenézou ACE, nicméné recentni randomizovand studie to nepotvrdila. Vysledky
pfredchozich observacnich studif jsou limitovény pro velkou heterogenitu, retrospektivni design
a malé pocty zafazenych pacientd (stupen 1, Groven evidence C). Jasna evidence prospésnosti
eACE tedy stéle chybf.
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Introduction deteriorate supportive collateral cerebral or

The external carotid artery (ECA) is an im-
portant collateral pathway for cerebral per-
fusion in cases of internal carotid artery (ICA)
occlusion and significant ECA stenosis can

ocular blood flow. Moreover, unstable exul-
cerative ECA plague 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 lo-
calized 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 is-
chaemic attack [TIA] in the first patient and
recurrent amaurosis fugax in the second pa-
tient). No recurrent symptoms occurred dur-
ing the follow-up exams (31 and 13 months)
and this positive result inspired us to per-
form 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

In 2013, Fokkema et al published what rep-
resents, to our knowledge, the largest over-
view 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 per-
formed using Scopus, Medline (PubMed),
Science Citation Index, Science Direct and
Academic Search Ultimate.

Inclusion criteria

All articles irrespective of publication sta-
tus published between January 1, 2012 and
December 31, 2018 concerning eCEA in pa-
tients with a chronic ipsilateral ICA occlu-
sion and ECA stenosis within the carotid
bifurcation and/or ICA stump with neuro-
logical or ocular symptoms were included
in the search. The combined search strat-
egy included the following phrase (contain-
ing the relevant key words): external carotid
artery, external carotid artery AND steno-
sis, external carotid artery AND thrombus
OR thrombosis, external carotid artery AND
embolus OR embolism OR embolization,
external carotid artery AND stroke OR tran-
sient ischaemic attack OR symptoms, symp-
tomatic external carotid artery, external ca-
rotid artery AND treatment OR therapy OR
management, external carotid endarter-
ectomy, external endarterectomy, external
CEA, internal carotid artery occlusion, oc-
clusion of internal carotid artery AND treat-
ment OR therapy OR management, carotid
artery stump, carotid artery cul-de-sac, ca-
rotid stump syndrome, carotid artery stump
AND stenosis OR thrombus OR thrombo-
sis OR embolus OR embolism OR emboliza-
tion OR stroke OR TIA OR symptoms, carotid
artery cul-de-sac AND stenosis OR throm-
bus OR thrombosis OR embolus OR embo-
lism OR embolization OR stroke OR TIA OR
symptoms.

1,402 records identified through database searching

340 articles excluded

v

1,062 potentially relevant articles

because of duplicates

1,055 excluded as irrelevant

on the abstract level

0 additional articles identified

<
<

Y

>

2 eligible articles

7 full-text articles for more detailed evaluation

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

through the references

Fig. 1. Flow diagramme representing searching process.
ECA — external carotid artery; eCEA — endarterectomy of external carotid artery; ICA — inter-

nal carotid artery

Obr. 1. Vyvojovy diagram pfedstavujici vyhledavaci proces.
ECA - zevni krkavice; eCEA — endarterktomie zevni krkavice; ICA — vnitini krkavice

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

Exclusion criteria

Papers in languages other than English, pa-
pers concerning eCEA in patients without
related neurological or ocular symptoms,
without ipsilateral ICA occlusion, with ad-
junctive subclavian or common carotid ar-
tery (CCA)-ECA bypass or with following ex-
tracranial-intracranial (EGIC) bypass, for jaw
claudications were excluded.

The main endpoints of the review were
30-day stroke/death, recovery/improve-
ment of symptoms, late stroke/death/vascu-
lar 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 eligi-
ble 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 sub-
group. Thus, an eCEA with surgical treat-
ment of carotid stump syndrome was con-
sidered safe. Nevertheless, the low risk of
stroke or TIA in both surgically and medically
treated patients makes the benefit of sur-
gery controversial [2]. Moreover, this study
was not registered, did not provide any in-
formation about statistical analysis including
pre-study power analysis and a small num-
ber of patients was included. Thus, the Level
of Evidence for this randomized clinical trial
is low. Additionally, this study did not mon-
itor the occurrence of restenoses or occlu-
sions during follow-up.
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The second publication found presented
a retrospective study involving nine pa-
tients 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 in-
farction 30 days after the CCA-ECA stent-
ing. 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 under-
went single eCEA. Postoperative duplex US
after eCEA was performed only in two pa-
tients (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 ef-
fective despite the described procedure het-
erogeneity, retrospective design and small
sample size [3].

Discussion

The management of patients with symp-
tomatic chronic ICA occlusion is still under
discussion and remains controversial. A dif-
ferent natural clinical course with a limited
prediction of risk of recurrent events are the
main reasons. Most patients, with acute is-
chaemic stroke due to chronic ICA occlusion
present with mild or moderate neurological
symptoms. In some patients the occlusion is
detected accidentally without clinical symp-
toms or with radiologically documented si-
lent ischaemic strokes on CT or MRI. How-
ever, new events may occur later [4]. Several
studies have demonstrated that the an-
nual risk of recurrent ischaemic stroke due
to symptomatic ICA occlusion ranged from
3.8 to 5.9% despite the best medical treat-
ment [5,6]. Others showed an annual stroke
rate up to 10% and the combined rate for
TIA and stroke about 20% [1]. For this rea-
son, surgery should be considered as a pre-
ventive treatment option. The Carotid Oc-
clusion Surgery Study randomized trial
showed no benefit in stroke prevention
with EGIC bypass in patients with sympto-
matic ICA occlusion when compared to pa-
tients with the best medical treatment [1].
This fact renewed the interest in eCEA in pa-
tients with symptomatic ICA occlusion and

concomitant stenosis of ECA in the carotid
bifurcation.

The ECA is an important collateral path-
way for cerebral perfusion when the ICA be-
comes occluded, mainly through the oph-
thalmic artery. It was demonstrated that
the ECA supported up to 30% of the cere-
bral blood flow in the case of bilateral ICA
occlusion [7] and a 12% decrease in mid-
dle 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. Endarter-
ectomy of the external carotid artery may
improve cerebral or ocular hypoperfusion
and remove a possible embolic source local-
ized within the carotid bifurcation. Increased
cerebral blood flow after ECA revasculariza-
tion has been documented [9].

The low flow, embolization from ECA/CCA
stenosis or from non-occluded proximal rem-
nant (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 es-
tablished as mechanisms of neurological and
ocular symptoms [1]. It is obvious that eCEA
can influence the first two mechanisms.

Thrombi or ulcerative plaques were ob-
served in the ICA stump in symptomatic
patients even in the absence of significant
ECA/CCA stenosis. Furthermore, these pa-
tients showed symptom recovery after eCEA
with ICA stump obliteration [1]. Others doc-
umented 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]. There-
fore, obliteration of the ICA stump should be
a routine part of the procedure.

Some previous studies showed the supe-
riority of patch arteriotomy closure (venous,
prosthetic or ICA transposition flap) to pri-
mary closure for patency [1], others demon-
strated 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 bene-
fits in stroke prevention in patients with-EG
IC bypass [1]. It can be speculated that the
benefit of eCEA may relate to the fact that
in contrast to an EGIC 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 im-
provement of symptoms in the majority of
patients during follow-up with an accepta-
ble rate of restenosis [1-3]. In 17 out of 21 an-
alyzed studies, most of which were also in-
cluded in the overview by Fokkema et al [1],
no patients suffered from stroke or died dur-
ing the post-operative 30-day follow-up.
Recovery or improvement of clinical symp-
toms was observed in 63-100% of the pa-
tients (@ 100% effect was achieved in eight
of all the analyzed studies). The rate of reste-
noses was recorded in 9 out of 21 studies;
no restenoses were observed in four studies
and ranged between 14.0-36.4% in the re-
maining studies.

However, the reported data are lim-
ited due to the retrospective design, study
heterogeneity 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]. Oth-
ers included patients with recent ICA occlu-
sion [1,10], in whom ICA thrombendarterec-
tomy failed to reopen the ICA and eCEA was
performed. In other series, some patients
underwent eCEA preceding ECGIC bypass
surgery or combined with adjunctive sub-
clavian 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 major-
ity 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 oc-
clusion and without further recurrent neuro-
logical or ocular symptoms due to the devel-
opment 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 pa-
tients indicated for eCEA experienced recur-
rent events. Nevertheless, no direct compar-
ison between patients with a single event
and those with recurrent events who have
undergone eCEA is available. The 'non-later-
alizing’ 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 steno-
sis > 509% 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 occlu-
sion and severe ECA stenoses should un-
dergo CTA for an exclusion of aortic arch pa-
thology and stenoses of CCA origin, as well
as transoesophageal echocardiography and
Holter ECG monitoring to exclude major car-
diac sources of embolization before indica-
tion for eCEA.

Embolization and hypoperfusion are con-
sidered the main causes of cerebral or ocu-
lar symptoms. An assessment of intracranial
collateral patterns using transcranial duplex
imaging is very important for eCEA indica-
tion in those patients with significant ECA
stenosis and presumed cerebral hypoper-
fusion. Conversely, unstable ulcerative le-

sions in carotid bifurcation with a high risk
of embolization can be indicated for surgery
without the evaluation of intracranial collat-
eral patterns.

Some authors prefer contralateral CEA in
the case of significant contralateral ICA ste-
nosis in patients with symptomatic ICA oc-
clusion 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 embo-
lization localized in the carotid bifurcation
on the side of ICA occlusion and contralat-
eral significant ICA stenosis, eCEA should be
considered as the first step in preventing re-
current ischaemic stroke due to hypoper-
fusion in the territory of the occluded ICA.
Recently, selective arterial spin-labelled per-
fusion MRI was introduced as a method to
assess the contribution of the individual ar-
teries to the perfusion of the brain [1,11]. This
method may help better select those pa-
tients with presumed hypoperfusion mech-
anism 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 pa-
tients with a high risk for surgery should not
be candidates for the procedure.

We should consider that the above men-
tioned benefit of eCEA is based on case se-
ries 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 oc-
clusion (Grade 1, Level of Evidence C); the
current guidelines of the European Society
for Vascular Surgery [13] provide no recom-
mendation. We have found only two rel-
evant papers since 2012, probably due to
the low number of treated patients and low
awareness about eCEA worldwide.

Conclusion

Despite numerous previous case series re-
ports 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 ben-
efit of eCEA remain unclear.
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