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Etiology and treatment patterns of ruptured extracranial carotid

artery aneurysm
Nicole Martins de Souza, MD, Pirkka Vikatmaa, MD, PhD, Riikka Tulamo, MD, PhD, and
Maarit Venermo, MD, PhD, Helsinki, Finland
ABSTRACT
Objective: Rupture of an extracranial carotid artery aneurysm (ECAA) is a very rare and life-threatening condition. To
obtain a comprehensive view of previous and current management of ruptured ECAAs (rECAAs), we analyzed all cases
reported since 1940 and two of our own cases.

Methods: We performed a comprehensive literature review of reports from the MEDLINE database on rECAAs and
included two patients treated in our department.

Results: A total 58 reports of 74 rECAAs in 74 patients were analyzed. Their mean age was 50 years, and the male/female
ratio was 2.2:1. Infection was themost common reported etiology (19 of 74; 26%), followed by connective tissue disorder (13
of 74; 18%), atherosclerosis (9 of 74; 12%), and previous trauma (5 of 74; 7%). For 28 patients (38%), information on the
etiology was not available. Of the 74 patients, 24 (32%) had undergone reconstructive surgery, 10 (14%) had undergone
endovascular treatment, 17 (23%) had undergone ligation, 2 (3%) had been treated conservatively, and 1 (1%) had died
before receiving definite treatment. For 20 patients (27%), information on the treatment received was not available. The
complications after reconstruction included carotid blowout (3 of 24 patients; 13%) and cranial nerve deficit (3 of 24
patients; 13%). Two patients (8%) had died of unrelated ECAA causes during long-term follow-up, and one patient (4%)
had died of an ECAA-related cause within 30 days. After an endovascular approach, 1 of the 10 patients had developed a
cranial nerve deficit. After ligation, five patients (29%) had experienced stroke, three of which were fatal. One conser-
vatively treated patient had experienced no complications and one had died of an ECAA-related cause.

Conclusions: The most common reported etiology for rECAA was infection. Reconstructive surgery was the most
common approach and was safer than ligation, which carried a high risk of stroke. Endovascular treatment showed
promising results, especially for distally located aneurysms; however, the number of patients has remained low. (J Vasc
Surg 2021;74:2097-103.)
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Rupture of an extracranial carotid artery aneurysm
(ECAA) can be considered a very rare situation that a
vascular surgeon encounters never or only a couple of
times during their professional career.1-3 Although rupture
is not the most common complication of an ECAA, it can
lead to life-threatening hemorrhage.4-6 The findings from
modern imaging aremore likely to reveal such aneurysms
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more often and can guide the diagnosis and treatment
method, even in the acute setting, differentiating ECAAs
from kinked carotid arteries, tumors, abscesses, and cysts,
and providing a good anatomic view. Most reported
studies have been case reports that have included only a
few cases of ruptured ECAAs (rECAAs) among a majority
of unruptured ECAAs.
To obtain a comprehensive view of previous and cur-

rent management of rECAAs, the results of the treat-
ment and the etiology of the ruptured aneurysms for
all cases reported since 1940 and two of our own cases
were analyzed.

METHODS
The present comprehensive literature review was per-

formed in accordance with the recommendations of
the PRISMA (preferred reporting items for systematic
reviews and meta-analysis) statement.7 Two different
searches were conducted, first in February 2019 and
then repeated in October 2019. We searched the MED-
LINE database through PubMed and retrieved perti-
nent studies found in the reference lists of the
selected reports and from other sources. One search
included the terms “carotid” AND “aneurysm*” and
another “carotid” AND “pseudoaneurysm*” in the title.
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Both searches included “rupture*” in all fields, with the
exclusion criteria as detailed in Fig 1. Early rupture after
trauma was defined by a period of <1 month between
the trauma and aneurysm rupture or when the period
had not been reported. The definition of aneurysm was
determined by the use of term “aneurysm” in the orig-
inal report, because most studies did not report the
size of the aneurysm. Because no standardized defini-
tion is available for an ECAA, the anatomic criteria
were used and comprised the common and external
carotid arteries and the cervical portion of the internal
carotid artery (below the intrapetrous portion). Rupture
was considered present if the terms “rupture” or “tear”
had been reported and/or if the clinical signs, radio-
logic, verification, or histopathologic confirmation of
bleeding were reported. In addition, we included two
patients treated at our department in the analysis.

RESULTS
A total of 74 rECAAs in 74patientswere reported (72 from

56 studies and 2 of our own). The mean age was 50 years
(range, 15-89 years), and the male/female ratio was 2.2:1.
The mean ECAA maximum diameter was 4.6 cm (range,
0.5-10.0 cm). The etiologies were infection (n ¼ 19; 26%),
connective tissue disorder (CTD; n ¼ 13; 18%), atheroscle-
rosis (n¼9; 12%), andprevious trauma (n¼5; 7%). For 28pa-
tients (38%), the etiology was unknown or not reported.
The mean age stratified by the etiology was 68 years
(range, 54-83 years) for atherosclerosis, 32 years (range,
16-56 years) for CTD, 61 years (range, 20-89 years) for
mycotic, and 39 years (range, 25-58 years) for a delayed
post-traumatic lesion. The most common location was in
zone II (41%), followed by zones III (23%) and I (8%; Fig 2).8

Of the 19 rECAAs reported as mycotic, bacterial cultures
were available for 16. The following pathogens were re-
ported according to the bacterial culture findings of
the lesion or blood culture: Staphylococcus (n ¼ 8), Myco-
bacterium (n ¼ 2), Salmonella (n ¼ 2), Proteus (n ¼ 1),
Streptococcus (n ¼ 1), Klebsiella (n ¼ 1), and Pseudo-
monas (n ¼ 1).
The reported treatment methods, aneurysm details, and

outcomes are summarized in the Table and presented in
detail in the Supplementary Table (online only). The aneu-
rysm etiologies in relation to the year of publication are
presented in the Supplementary Fig (online only).
Open reconstructive surgery was the most frequently re-

ported treatment method (24 of 74; 32%). For the 24 open
surgery cases, the most common etiology was infection
(n ¼ 9; 38%), and the most common location was zone
II (n ¼ 17; 71%). Three patients (13%) had developed one
or more cranial nerve deficits (CNDs). Three patients
(13%) had died after reconstructive surgery. One (4%) of
an ECAA-related cause within 30 days and two (8%) of
an ECAA-unrelated cause at 1 and 36 months after sur-
gery. Three patients (13%) who had undergone reconstruc-
tion had experienced carotid artery blowout (one
polytetrafluoroethylene patch and two interpositions;
one with a bovine pericardium tube and one with a great
saphenous vein (GSV). One of these aneurysms was
mycotic, one was due to CTD, and one had an unreported
or unknown etiology. One of these patients had died of an
ECAA-unrelated cause at 32 days postoperatively with a
blowout hematoma diagnosed in the postmortem exam-
ination. The other two patients had undergone reopera-
tion: one with ligation and one a GSV interposition.
None of the patients who had undergone reconstructive
surgery had experienced a stroke. Follow-up information
was available for 17 patients who had undergone recon-
struction, with a mean follow-up duration of 13 months
(range, 1-48 months).
The endovascular (EV) approach was used for 10 patients

(14%). Two of the procedures were hybrid procedures. The
most common etiology in the EV approach group was
late post-traumatic aneurysm (n ¼ 4), of which three
causedby a traffic accident (n¼ 3), andonebya foreign ob-
ject in the nasal cavity (n ¼ 1). The most common location
was zone III (6 of 10). One hybrid procedure for a mycotic
pseudoaneurysm included wrapping of the carotid wall
with a polytetrafluoroethylene graft, and onehad included
stent insertion through an open approach. None of the pa-
tients experienced a stroke or had died. However, one pa-
tient had developed hypoglossal and glossopharyngeal
nerve deficits, with persistent hypoglossal, but resolved,
glossopharyngeal nerve injury at 18months. Eight patients
had a good recovery related to the ECAA and one patient
was lost to follow-up. The mean follow-up duration was
11 months (range, 1-24 months).
Ligation was performed in 17 patients (23%). The most

common etiology was infection (n ¼ 6; 35%), and the
most common location was zone III (n ¼ 7; 41%). Of these
17 patients, 5 had experienced stroke, three of which
were fatal. All the strokes had occurred in patients who
had undergone ligation. Two patients, who were intrave-
nous drug users, had had a ruptured mycotic ECAA and
had undergone ligation twice because of persistent
infection in both and recurrent profuse bleeding in one
patient. Neither patient had developed neurologic
deficits.
Two patients (3%) were treated conservatively. One pa-

tient had presented with dyspnea and hoarseness due to
a ruptured pseudoaneurysm. The patient required tra-
cheostomy to prevent airway obstruction. The patient
was stable and the hematoma had resolved. After
1 month of follow-up, no complications were reported.
The other patient had died of aneurysm rupture that
had been treated palliatively.
Of the 74 patients, 9 (12%) had died. Of the nine deaths,

six were related to the ECAA and three were not related to
the ECAA. Of the six ECAA-related deaths, three had
occurred after ligation of the carotid artery. One was
due to CND and aspiration pneumonia, followed by GSV
interposition with mandibulotomy. One of the patients



17 (23%) ICA dist: 17 ICA: 26 (35%)
CCA: 19 (26%)

30 (41%) CCA: 13 dist; ICA prox: 9; Bifurcation: 7; ECA: 1 Bifurcation: 7 (9%)

6 (8%) CCA prox: 6

ECA: 1 (1%)
NA: 21 (28%)

NA: 21(28%)

Fig 2. Sites of the ruptured extracranial carotid artery aneurysms (rECAAs) stratified by zones according to Núñez
et al8 and location according to our comprehensive literature review. CCA, Common carotid artery; dist, distal;
ECA, external carotid artery; ICA, internal carotid artery; NA, not available; prox, proximal.
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Fig 1. PRISMA (preferred reporting items for systematic reviews and meta-analysis) flow diagram of the
comprehensive literature review for ruptured extracranial carotid artery aneurysms (rECAAs).
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had died of a palliatively treated ECAA that had ruptured.
The final patient had died of severe hemorrhage.

CASE REPORT
Patient 1. The patient was 68-year-old woman with a medical

history of chronic respiratory insufficiency, pulmonary embolism,

and myocardial infarction. She had presented with pain and
bleeding from a peritonsillar ulceration caused by a 3.8-cm in-

ternal carotid artery (ICA) aneurysm located high in the right

side of neck (Fig 3). EV treatment (EVT) was ruled out because of

the tortuosity of the carotid artery, presumed difficulty in distal

control, and local symptoms of the ECAA due to a mass effect.

Thus, open surgery using a midline mandibulotomy and

reconstruction of the ICA with an autologous (GSV) interposition



Table. Distribution of ruptured extracranial carotid artery aneurysms stratified by treatment

Treatment
method No. (%) Technique Etiology, No. (%)

Location (zone),
No. (%)

Adverse outcome/status
at follow-up, No. (%)

Reconstruction 24 (32) Interposition graft: 16a;
end-to-end

anastomosis, 3; patch
angioplasty, 2; ECA to
ICA anastomosis, 1;

brachiocephalic trunk
to CCA bypass, 1;
unspecified, 1

MYC, 9 (38); CTD, 5
(21); ASO, 4 (17);
PT, 1 (4); NR, 5

(21)

II, 17 (71); III, 3 (13); I,
3 (13); NR, 1 (4)

Death, 3 (13): 2 ECAA-unrelated, 1
ECAA-related; CND, 3 (13)b;

blowout, 3 (13)c

EVT 10 (14) Covered stent, 8d; coil
embolization, 1;
intravascular

detachable balloon, 1

PT, 4 (40); CTD, 3
(30); ASO, 1 (10);
MYC, 1 (10); NR, 1

(10)

III, 6 (60); II, 4 (40) CND, 1 (10)

Ligation 17 (23) NA MYC, 6 (35); CTD, 5
(29); ASO, 2 (12);

NR, 4 (24)

III, 7 (41); II, 6 (35); I,
2 (12); NR, 2 (12)

Stroke, 5 (29)e; rebleeding, 1 (6)f;
persistent infection, 2 (12)

Conservative 2 (3) NA NR, 2 (100) II, 1 (50); NR, 1 (50) Death, 1 (50): ECAA-related, 1

No treatment 1 (1) NA MYC, 1 (100) II, 1 (100) Death, 1 (100): ECAA-related, 1

NR 20 (27)g NA NR, 16 (80); ASO, 2
(10); MYC, 2 (10)

I, 1 (5); II, 1 (5); III, 1
(5); NR, 17 (85)

Death, 1 (5): ECAA-unrelated, 1

Total 74 (100) NA MYC, 19 (26); CTD,
13 (18); ASO, 9

(12); PT, 5 (7); NR,
28 (38)

I, 6 (8); II, 30 (41); III,
17 (23); NR, 21

(28)

Death, 9 (12); stroke, 5 (7); CND, 4
(5); blowout, 3 (4); persistent

infection, 2 (3); rebleeding, 1 (1)

ASO, Atherosclerosis obliterans; CCA, common carotid artery; CND, cranial nerve deficit; CTD, connective tissue disorder (Marfan syndrome, systemic
lupus erythematosus, Behçet disease, Cogan syndrome, neurofibromatosis); ECA, external carotid artery; ECAA, extracranial carotid artery aneurysm;
ICA, internal carotid artery; MYC, mycotic; NA, not applicable; NR, not reported; PT, post-traumatic.
aTen great saphenous vein grafts, two polytetrafluoroethylene grafts, one polyethylene graft, one superficial femoral artery graft, one cadaveric artery
graft, and one bovine pericardium tube.
bOne patient died of causes related to the ECAA.
cOne patient died of causes unrelated to the ECAA.
dOf the eight patients treated with stents, two were treated by a hybrid approach, and in two patients, the branching arteries were coiled.
eThree strokes were fatal.
f The patient also had persistent infection.
gThe cases of 19 patients had been reported in case series of unruptured ECAAs and the case of 1 patient had been reported in a case report of
ruptured ECAAs.
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graft was performed, as previously reported in a technical note.9

The patient had hypoglossal and glossopharyngeal nerve in-

juries and postoperative pharyngeal edema. On the 12th post-

operative day, she was transferred to a local hospital. She died

within 30 days postoperatively of aspiration pneumonia.

Case 2. The patient was 62-year-old man with hypertension,

asthma, polymyalgia rheumatica, and chronic obstructive pulmo-

nary disease. He had presented with swelling and pain in the left

sideof his neckof 5months’duration and thenabundant bleeding

into the pharynx. At a local hospital, he underwent emergent tra-

cheotomy. The computed tomography (CT) findings were suspi-

cious for a pharyngeal tumor; however, biopsy findings were

negative forneoplasm.CTangiographyshoweda2.5-cmaneurysm

or pseudoaneurysm at the left carotid bifurcation (Fig 4, A). An

aneurysmeesophageal fistula was suspected, and the patient was

admitted to the university hospital for surgery. Intraoperatively, the

rupture site was thrombosed (Fig 4, B), and the aneurysm was

resected with reconstruction from the common carotid artery

(CCA) to ICA with a GSV interposition graft. The external carotid

artery was also reconstructedwith an additional GSV interposition
graft (Fig4,C).Afternasotrachealextubationontheoperatingtable,

the patient developed voluminous nasopharyngeal bleeding that

was controlled by posterior nasal packing and cauterization.

Esophagoscopy revealed a noncomplicated Zenker diverticulum.

The patient had a good recovery without any neurologic deficits.

The graft was patent on a CT scan at 1 month, and the patient was

followed up for 1 year at his local hospital.

DISCUSSION
The most common etiology for an ECAA has remained

controversial, and the risk of rupture with the different
etiologies is not clear.1,2,10-12 Atherosclerosis has been pre-
viously reported as themost common etiology for unrup-
tured ECAAs.2,11,13-16 However, in the present study, the
most common reported etiology for rECAAs was infec-
tion (19 of 74; 26%). From the graphic presentation
(Supplementary Fig, online only), the proportion of infec-
tious etiologies for rECAAs seems to have decreased dur-
ing the time course. This could have been either a true
decrease in the proportion of the infectious rECAAs for
various reasons or resulted from a relative increase in



Fig 3. Computed tomography (CT) angiogram showing an
aneurysm of the right internal carotid artery (ICA) located
high in the neck (red arrow).
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the number of rECAAs of other etiologies. The mean age
per etiology suggested that for rECAAs, patients with
atherosclerotic and infectious aneurysms will tend to
be older compared with those with CTD and delayed
post-traumatic lesions.
Both the bifurcation1,14,17 and the ICA2,11,12 have been

suggested as the most common location for unruptured
ECAAs. In the present review, the most common location
for rECAAs was the ICA (35%), followed by the CCA (26%).
In contrast, the bifurcation was the site for only 9% of the
reported cases. This variation could have been affected
by differences in the etiologies or differences in the de-
scriptions provided by the various investigators of the
anatomy in the unruptured and rECAAs.
For most unruptured ECAAs, open reconstructive sur-

gery is the preferred treatment with satisfactory re-
sults.1,2,11,13 However, good results with nonoperative
treatment have also been reported for patients with
small, asymptomatic, and/or postdissection aneurysms
or pseudoaneursyms.11,12,18,19

For rECAAs, open surgery can be either ligation or recon-
struction. In general, ligation has been reported to have a
high incidence of ischemic stroke and/or death at 11% to
32% for unruptured aneurysms.1,20 From our literature re-
view, the incidence of ischemic stroke and/or death was
29% for rECAAs, the incidence of rebleeding was 6%,
and the incidence of persistent infection was 12%.
Because of the high incidence of complications associ-

ated with ligation, reconstruction seems to be a safer
operative modality, although 26% had either experi-
enced blowout (13%) or CND (13%) after reconstruction
(Table). Regarding the use of prosthetic material in
reconstruction, we found only 3 reported cases (19%)
compared with 10 (63%) that had used a GSV interposi-
tion. A recent study reported promising results using pol-
ytetrafluoroethylene in the treatment of unruptured
ECAAs.21 However, the potential infectious etiology using
the tissue samples from a rECAA often cannot be defin-
itively ruled out at surgery. Thus, the possibility of an in-
fectious etiology and the use of a biologic graft should
be considered when treating rECAAs using open surgery.
Although the reported cases showed promising results

with EVT, such treatment is also not free of complica-
tions, with 1 of the 10 patients developing CND after
EVT.22 A similar incidence of complications related to
unruptured ECAA treatment was reported by Welle-
weerd et al.11 They reported that 12% had developed
CND after surgery and none after EVT. In other studies,
the rate of CND after surgical treatment was similar,
with an incidence of #23%.10,13,17

The location of the aneurysm has an influence on the
type of treatment chosen. Aneurysms located in zone II
can usually be easily treated using open surgery with
reconstruction. However, aneurysms located in zone I
(below the cricoid) will usually require sternotomy, and
those in the zone III (above the angle of mandible) will
require mandibulotomy or other special techniques.9,23

In the present review, the most common location for
the reconstructive approach was zone II (71%; Table). In
zone III, EVT with covered stents is a fair and safe option
to treat rECAAs, whenever feasible.24-30 However, consid-
ering the kinks and curves often detected in the CCA,
especially in zone I, the number of suitable EV grafts
will be limited, and their performance could be subopti-
mal. To reduce the working length, the hybrid approach,
in which the EV graft is placed through an open access
on the neck, seems to be an alternative.24 Hopefully,
improving the stent technology and design will produce
more options for stenting in the future.
The risk of publication bias in the present comprehen-

sive literature review is obvious, because the occurrence
of ECAAs is rare, and unsuccessful outcomes are less likely
to be reported. Concurrently, the reports were very diverse
owing to the absence of standardization. A meta-analysis
was not feasible owing to the insufficient patient data,
which were obtained from case series and case reports.
Inevitably, the limited information provided in the reports
resulted in a high amount of missing data, most signifi-
cantly regarding the aneurysm size, and the short- and
long-term follow-up data. However, we believe that even
the limited data we have presented can increase our un-
derstanding of the disease and its treatment options and,
thus, be a guide for the management of rECAAs, which at
present have no treatment guidelines.
The natural history of ECAAs is also unclear becausemost

asymptomatic aneurysms will not be reported and, if
detected, will not be followed up, but repaired. Given the
small number of patients with ECAA, a clinical trial is not



Fig 4. A, Computed tomography (CT) angiogram showing a 2.5-cm aneurysm at the bifurcation of the left carotid
artery (red arrow). B, Intraoperative view of the aneurysm before aneurysmectomy. C, Reconstruction from the
common carotid artery (CCA) to internal carotid artery (ICA) with a great saphenous vein (GSV) interposition graft.
The external carotid artery was also reconstructed with an additional GSV interposition graft.
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feasible. Therefore, a reasonable solution would be to
collect all cases of carotid aneurysms into an existing inter-
national database with systematic and comparable data
variables.31 The same type of patient registry has been suc-
cessfully described for cystic fibrosis, providing annual re-
ports and a better understanding of the disease.32,33

CONCLUSIONS
Rupture of an ECAA is a rare and dangerous condition.

The most common reported etiology for rECAAs was
infection. Reconstructive surgery was the most
common approach and a safer operative modality
comparedwith ligation,which carried ahigh risk of stroke.
EVT showed promising results, especially for distally
located aneurysms; however, the number of patients has
remained low.
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Supplementary Fig (online only). Etiologies of ruptured extracranial carotid artery aneurysms (rECAAs) stratified
by year of publication.
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Supplementary Table (online only). Details of ruptured extracranial artery aneurysms from our comprehensive literature
review

Investigator Country
rECAA,
No. Sex

Age,
years

Maximal
diameter,

cm Location Zone Etiology Treatment
Adverse outcome
(<30 days, related)

Follow-up,
months

Status at
follow-up

Razdan et al,1

1964
India 1 M 25 5 CCA distal 2 PT Arterial

cadaveric
graft

interposition

No 8.5 Graft working and
hoarseness
improved

considerably;
hoarseness
present at
admission

Margolis et al,2

1972
USA 1 M 20 6 ICA distal 3 MYC Ligation No NR NR

Rittenhouse
et al,3 1972

USA 1 M 74 1.5 Bifurcation 2 NR Modified bovine
heterograft
interposition

No neurologic deficit >1 Patent (ultrasound
arteriogram

showed patency
of graft 32 days
postoperatively);

shortly
thereafter,

patient died
(unrelated) and
had blowout

Ledgerwood
et al,4 1974

USA 2 M 52 10 CCA proximal 1 MYC (S. aureus
MRSA)

Ligation
(sternotomy)

No neurologic deficit;
persistent infection
(remained febrile)

and recurrent profuse
bleeding from

puncture; ligation of
distal CCA,

subclavian; repeat
ligation of

innominate and
collaterals and

necrosis evacuated
from abscess (MRSA);
postoperative course

was uneventful;
discharge 4 weeks
later, with irrigation
continued at home

NR 2 Subsequent
admissions
required for
drainage of
suprasternal

abscess;
returned to
previous job;

cured of heroin
addiction

M 49 8 CCA proximal 1 MYC (Pseudo
monas)

Ligation
(sternotomy)

Persistent infection
(remained febrile); no
neurologic deficit; no
hemoptysis; 1 week

later, CCA was ligated
distal to mass; daily

irrigations were
performed, and the

wound healed;
patient progressed

satisfactorily and was
discharged 4 weeks
after admission with
no neurologic deficits

NR NR

Howell et al,5

1977
USA 1 M 62 10 CCA 2 MYC (Klebsiella) Ligation No neurologic deficits;

wound infection and
drainage from

incisional drain site
continued for 4 weeks

1.3 ~5 Weeks
postoperatively
was discharged
from hospital;
wound had

healed
completely

Busuttil et al,6

1980
USA 1 NR NR NR NR NR NR Ligation Stroke NR NR

Pratschke
et al,7 1980

Germany 2 NR NR NR NR NR MYC NR NR NR NR

NR NR NR NR NR ASO NR NR NR NR

Welling et al,8

1983
USA 2 NR NR NR ICA proximal 2 NR NR NR NR NR

NR NR NR NR NR MYC (S. aureus) GSV
interposition

NR NR NR

(Continued on next page)
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Supplementary Table (online only). Continued.

Investigator Country
rECAA,
No. Sex

Age,
years

Maximal
diameter,

cm Location Zone Etiology Treatment
Adverse outcome
(<30 days, related)

Follow-up,
months

Status at
follow-up

Grossi et al,9

1987
USA 1 F 68 6 ICA proximal 2 MYC

(Salmonella
enteritidis)

End-to-end 14 Days postoperatively:
patent anastomosis

8 Free from
problems
related to
aneurysm
procedure

Nicholson
et al,10 1988

UK 1 F 72 2.8 ICA proximal 2 NR GSV
interposition

No 6 Patent; hoarseness
had resolved

and hypoglossal
nerve palsy had

improved;
hoarseness and
hypoglossal
nerve palsy
present at
admission

Petrovic et al,11

1991
Yugoslavia 1 M 67 NR CCA prox 1 MYC

(tuberculosis)
NR (Emergency

surgical
procedure þ
sternotomy)

Persistent stroke
(regressive

hemiparesis) and
persistent CND

(Horner). Ps: stroke
and Horner syndrome

are symptoms at
admission

3 Dead, unrelated
(no signs of

wound
infection)

Crow et al,12

1992
USA 1 M 26 3 ICA distal 3 PT Intravascular

detachable
balloon

No evidence of cerebral
ischemia (ARDS

unrelated)

1 ARDS resolved;
thrombosis of

ICA and
aneurysm; no
neurologic
events; no
bleeding

Kubo et al,13

1992
Japan 1 F 56 6 ICA distal 3 CTD End-to-end New CND; hoarseness

and Horner syndrome
at admission,
persistent;

complications
unrelated (>5 days:
hemorrhagic shock

due to hepatic
ruptured aneurysm,
surgery, patent ICA,

septic shock; >11 days:
surgery intracranial

aneurysm; 1.5 months
after operation,
patient had rib

fractures)

NR NR (>3 months:
incisional
abdominal

hernia,
unrelated)

Liapis et al,14

1994
Greece 1 F NR NR CCA 2 ASO End-to-end No neurologic deficit 36 Dead, unrelated

Faggioli et al.15

1996; Stella
et al,16 1995

Italy 1 F 83 4.5 ICA distal 3 ASO ICA/ECA
transposition

No 24 Patent

Karov,17 1996 Bulgaria 1 F 65 NR ICA distal 3 NR NR NR NR NR

Neelakandhan
et al,18 1996

India 1 NR NR NR NR NR ASO Ligation NR (no death) NR NR

Coffin et al,19

1997
France 1 NR NR NR ICA distal 3 CTD Ligation NR (no death) NR NR

Rice et al,20

1997
USA 1 M 70 0.8 ICA proximal 2 MYC

(Salmonella
group D)

Patch
angioplasty

(GSV)

No 12 Symptom free

Tüzün et al,21

1997
Turkey 1 M 25 NR CCA 2 CTD Ligation NR 1 Alive

Buerger et al,22

1998
Germany 1 F 55 NR Bifurcation 2 MYC (S. aureus) GSV

interposition
No new neurologic

deficit (persistent
hoarseness since
admission); 3 days
postoperatively
patent; 12 days
postoperatively

carotid blowout, GSV
interposition; no

further complications
and ATB for 3 months

NR NR
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Supplementary Table (online only). Continued.

Investigator Country
rECAA,
No. Sex

Age,
years

Maximal
diameter,

cm Location Zone Etiology Treatment
Adverse outcome
(<30 days, related)

Follow-up,
months

Status at
follow-up

Sasaki et al,23

1998
Japan 1 M 16 NR CCA 2 CTD Patch

angioplasty
(PTFE)

NR 36 Blowout at
2 months; CCA
ligation; no
neurologic

deficit; alive at
3 years

Nair et al,24

2000
South Africa 3 NR NR NR NR NR NR NR NR (no death or new

CND)
NR NR

NR NR NR NR NR NR NR NR (no death or new
CND)

NR NR

NR NR NR NR NR NR NR NR (no death or new
CND)

NR NR

Smith et al,25

2000
USA 1 F 28 NR ICA dist 3 CTD EV, covered

stent þ coil
CND 18 Patent, persistent

hypoglossal
nerve disorder,
resolution of

glosso
pharyngeal

injury, no other
lesions

Machens
et al,26 2001

Germany 2 F 60 NR CCA 2 MYC (S. aureus
MSSA)

No Death from aneurysm
rupture

NR Dead

M 52 0.5 CCA proximal 1 MYC (S. aureus
MRSA)

GSV
interposition

NR 5 Osteomyelitis
ensued

5 months after
cervical

reoperation;
osteomyelitis
subsided on

ATB; no current
evidence of

infection found

Angle et al,27

2003
USA 1 M 88 3 ICA proximal 2 MYC (Proteus

mirabilis)
GSV

interposition
No neurologic deficit NR NR

Kubaska
et al,28 2003

USA 1 F 34 NR ICA distal 3 CTD Hybrid, covered
stent

(Wallgraft)

NR 14 Patent

Davidovic
et al,29

2004;
Davidovic
et al,30 2016

Serbia 2 NR NR NR ICA distal 3 ASO Ligation Stroke and death NR Dead

M NR NR ICA proximal 2 ASO Reconstruction,
unspecified

NR NR NR

Siablis et al,31

2004
Greece 1 M 68 4.1 ICA proximal 2 ASO EV, covered

stent
No (postinterventional

angiography: patent)
12 1 Month: no flow in

aneurysmal
cavity; 1 year:
symptom free

Akiyama
et al,32 2005

Japan 1 M 48 3 CCA 2 PT EV, covered
stent

No 6 Patent

Aleksic et al,33

2005
Germany 1 NR NR NR NR NR NR NR NR NR NR

Masuda et al,34

2005
Japan 1 F 46 3 CCA 2 NR, pseudo

aneurysm
Conservative NR 1 Neck swelling and

laryngeal
edema since
admission had

resolved

Low et al,35

2007
Singapore 1 M 17 NR CCA 2 CTD GSV

interposition
No 24 Complications

unrelated after
4 months;

24 months, no
evidence on
serial MR

angiography of
recurrent

aneurysms or
progressive

vascular stenosis

(Continued on next page)
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Supplementary Table (online only). Continued.

Investigator Country
rECAA,
No. Sex

Age,
years

Maximal
diameter,

cm Location Zone Etiology Treatment
Adverse outcome
(<30 days, related)

Follow-up,
months

Status at
follow-up

Radak et al,36

2007
Serbia 4 NR NR NR ICA distal 3 NRa Ligation Stroke and death NR Dead

NR NR NR ICA distal 3 NRa Ligation Stroke and death NR Dead

NR NR NR ICA distal 3 NRa Ligation Stroke NR NR

NR NR NR NR NR NR NR NR NR NR

Ku et al,37

2008
Taiwan 1 F 28 5 ICA proximal 2 CTD Ligation None (other than

symptoms at
admission)

NR NR

Ohshima
et al,38 2008

Japan 1 M 56 6.5 CCA 2 CTD EV, covered
stent þ coil

Cervical mass had
disappeared; residual

hematoma sac
aspirated after

3 weeks; symptoms
dramatically
improved

12 Patent

Shrestha,39

2008
Nepal 1 M 54 10 Bifurcation 2 ASO Polyethylene

interposition
(Dacron)

CND (facial nerve) 3 Improvement of
Horner

syndrome
(present at
admission);

persistent facial
nerve injury

Song et al,40

2008
China 1 M 55 3.6 Bifurcation 2 MYC (Strepto

coccus)
GSV

interposition
No 48 Symptom free

Donas et al,41

2009
Germany 1 NR NR NR NR NR ASO NR NR NR NR

Pinjala,42 2010 India 1 M 25 NR CCA 2 NR Ligation No NR NR

Reis et al,43

2010
Brazil 1 NR 15 NR ICA distal 3 NR, pseudo

aneurysm
EV, coil No 3 Occlusion of artery;

no blood flow to
rupture, clinical
improvement
present at
discharge
maintained

Sayed et al,44

2010
Egypt 1 M 32 NR ICA distal 3 CTD Ligation NR (no death or stroke) NR NR

O’Brien et al,45

2011
USA 1 M 40 4.7 ICA proximal 2 CTD GSV

interposition
No neurologic deficit 4 Persistent vocal

cord paralysis
(present at
admission)

Yeh et al,46

2011
China 1 M 38 6.3 ICA distal 3 PT EV, covered

stent
Size of aneurysm

reduced
24 30 Days

postoperatively:
passage of
airway in

nasopharynx
improved;
24 months

postoperatively:
no aneurysm

Garg et al,47

2012
USA 1 NR NR NR CCA proximal 1 NR Bypass from

BCT to CCA
(sternotomy)

NR (no death or stroke) NR NR (no death or
stroke)

Mazzaccaro
et al,48 2014

Italy 1 M 81 4 Bifurcation 2 MYC (S. aureus
MRSA)

Hybrid, covered
stent (PTFE
nitinol) þ

PTFE graft to
reinforce

carotid wall

No 7 Patent and no
wound infection

Fankhauser
et al,49 2015

USA 9 NR NR NR NR NR NR, pseudo
aneurysm

NR NR NR NRb

NR NR NR NR NR NR, pseudo
aneurysm

NR NR NR NRb

NR NR NR NR NR NR, pseudo
aneurysm

NR NR NR NRb

NR NR NR NR NR NR, pseudo
aneurysm

NR NR NR NRb

NR NR NR NR NR NR, pseudo
aneurysm

NR NR NR NRb
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Supplementary Table (online only). Continued.

Investigator Country
rECAA,
No. Sex

Age,
years

Maximal
diameter,

cm Location Zone Etiology Treatment
Adverse outcome
(<30 days, related)

Follow-up,
months

Status at
follow-up

NR NR NR NR NR NR, pseudo
aneurysm

NR NR NR NRb

NR NR NR NR NR NR, pseudo
aneurysm

NR NR NR NRb

NR NR NR NR NR NR, pseudo
aneurysm

NR NR NR NRb

NR NR NR NR NR NR, pseudo
aneurysm

NR NR NR NRb

Lyazidi et al,50

2015
Morocco 1 M 20 9 CCA proximal 1 CTD PTFE

interposition
(sternotomy)

No 1 Patent

Katsevman
et al,51 2016

USA 1 M 58 1 ICA distal 3 PT EV, covered
stent

No further episodes of
epistaxis

NR NR (patient did not
return)

Rogers et al,52

2016
Ireland 1 M 61 2.4 Bifurcation 2 MYC

(coagulase-
negative
Staphylo
coccus)

Ligation NR 3 CTA showed no
signs of
infection;

resolution of
osteomyelitis

Souldi et al,53

2016
Morocco 1 F 32 NR ECA proximal 2 CTD Ligation No 12 No vascular

complications

Kim et al,54

2018
Korea 1 M 89 4.8 CCA 2 MYC (S. aureus) PTFE

interposition
No 3 No wound

infection

Kumar et al,55

2018
India 1 NR NR NR NR NR NR NR NR NR NR

Baranoski
et al,56 2019

USA 1 M 51 1 CCA distal 2 MYC SFA
interposition

No new deficits 6 Patent, stable, free
of recurrent

disease

Vikatmaa
et al,57 2009
(present
case 1)

Finland 1 F 68 4 ICA distal 3 NR GSV
interposition

(mandi
bulotomy)

CND and death NR Dead

Present case 2,
2020

Finland 1 M 62 2.5 Bifurcation 2 NR GSV
interposition

Bleeding through
mouth during

surgery; resolved after
nasal packing and

cauterization

1 Patent

ARDS, acute respiratory distress syndrome; ASO, atherosclerosis obliterans; ATB, antibiotic; BCT, brachiocephalic trunk; CCA, common carotid artery;
CND, cranial nerve deficit; CTA, computed tomography angiography; CTD, connective tissue disorder (Marfan syndrome, systemic lupus erythema-
tosus, Behçet disease, Cogan syndrome, neurofibromatosis); ECA, external carotid artery; EV, endovascular; F, female; GSV, great saphenous vein; ICA,
internal carotid artery; M, male; MR, magnetic resonance; MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-sensitive Staphylo-
coccus aureus; MYC, mycotic; NR, not reported; PT, post-traumatic; PTFE, polytetrafluoroethylene; rECAA, ruptured extracranial carotid aneurysm;
S. aureus, Staphylococcus aureus; SFA, superficial femoral artery.
aOne patient had a mycotic aneurysm caused by tuberculous lymphadenitis of the neck.
bOne patient died of an aneurysm treated palliatively that ruptured.
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