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Ischemic stroke due to dissection of intracranial internal carotid artery:
implications for early surgical treatment
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Abstract Background: Intracranial ICA dissection is a rare pathology that frequently results in severemorbidity
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or mortality in young patients. This study examined the suitability of early surgical treatment.
Methods: We present and analyze 6 of our own cases and 39 other cases reported after 1980. The
clinical courses were classified into 3 types: A, single attack and severe outcome; B, single attack
and mild to moderate outcome; and C, recurrent attacks and various outcomes.
Results: Type A patients (n = 11) usually deteriorated quickly and severely so that early surgical
treatment was not possible. Most type B patients (n = 12) did not require surgical intervention
because of relatively stable courses. Only some type C patients (n = 10) are candidates for early
surgery to prevent progressive deterioration. Twelve cases were unclassified because of insufficient
information. We encountered 3 cases of type C, and emergency bypass surgery with parent ICA
occlusion was planned in 2 patients. The surgery was successful with good prognosis in 1 patient;
but the ICA and its branches were already occluded in the other patient, which precluded completion
of bypass surgery and resulted in severe hemiparesis. Intraoperative findings and histologic
examination of the MCA confirmed arterial dissection.
Conclusion: Young patients with intracranial ICA dissection manifesting as mild ischemic stroke
should be considered for early bypass surgery with occlusion of the dissected ICA if any sign of
progression or recurrence occurs after the onset.
© 2008 Elsevier Inc. All rights reserved.
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1. Introduction

Craniocervical arterial dissections, including dissections
of the carotid and vertebrobasilar systems in the cervical or
intracranial portions, are the cause of 20% to 25% of cases of
ischemic stroke in young adults [4]. Intracranial ICA
dissection is relatively rare but often results in severe
morbidity or mortality due to cerebral infarction in young
individuals [8,21]. Although early bypass surgery in selected
patients with improving symptoms has been proposed
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sporadically [13,20,27,28], only one case has been actually
treated with early bypass surgery [13], so that the clinical
application is not well defined.
Table 1
Summary of reported cases of ischemic stroke due to intracranial ICA dissection a

No. Author Age Sex Side Activity at onset

1 Grosman et al [9] 23 M L NM
2 Hegedüs [11] 13 M R NM
3 Nass et al [17] 8 M R NM
4 (same patient,

14 mo later)
L NM

5 Farrell et al [6] 20 M L Tug-of-war game
6 31 F R Raking leaves
7 O'Connell et al [18] 16 M L Basketball
8 Steiner et al [28] 23 F R Frisbee
9 Kitani et al [13] 14 M R Physical education
10 18 M R Sleeping

11 Pessin et al [22] 46 F L Preparing for work
12 O'Sullivan et al [20] 17 M L Fight, head-buttings
13 Pozzati et al [23] 15 M L Cross-country race
14 8 F R Trivial frontal injury
15 12 M L Bicycle race
16 Schievink et al [27] 4 F L d

17 8 F L d

18 13 M R d

19 15 F L d

20 17 M L d

21 18 F R d

22 Pelkonen et al [21] 18 M L NM
23 20 M R NM
24 49 M R NM
25 31 M L NM
26 5 M L NM
27 Rhodes et al [24] 8 F L Playing
28 Uchino et al [30] 12 M L Running
29 Chaves et al [5] 28 F R NM
30 38 F R NM
31 26 F R NM
32 35 F L NM
33 20 M R NM
34 35 F L NM
35 22 M R NM
36 59 M L NM
37 15 M R NM
38 25 M L NM
39 Ahn et al [1] 60 M R NM
40 Present 10 F R Swimming
41 15 M R Running
42 33 M R Unknown
43 14 F R Table tennis
44 11 F R Physical education
45 26 M R Taking shower

F indicates female; L, left; M, male; NM, not mentioned; R, right; GR, good reco
a Inclusion criteria: nontraumatic pathology; diagnosis of dissection is made b

symptoms and outcome were described.
b Clinical types are divided into 3 groups: A, single attack and severe outcom

and C, recurrent attack and various outcomes.
c Glasgow Outcome Scale. In patients whose Glasgow Outcome Scale has not

information.
d Among the 6 patients, 3 had onset during volleyball, tennis, or water skiing
e Among the 6 patients, 3 were treated with antiplatelet agents and 3 with on
f Among the 10 patients, 6 were treated with anticoagulants, 3 with antiplate
We have treated 6 patients with intracranial ICA
dissection manifesting as ischemic stroke at Kohnan Hospital
(Sendai, Japan) since 1997. Surgery for STA-MCA bypass
Treatment Clinical type b Outcome at discharge c

Heparin C D
Mannitol C D
Aspirin, dipyridamole B GR
Steroids, anticonvulsants A D

Mannitol A D
Mannitol, steroids A D
NM A D
NM A D
Dextran C D
Anticoagulants,
STA-MCA anastomosis

C MD or GR

ICP control A D
NM A D
NM B GR
Steroids B MD or GR
Aspirin B MD or GR
e Unclassified MD or GR
e Unclassified MD
e Unclassified D
e Unclassified GR
e Unclassified MD
e Unclassified GR
Heparin + anticoagulants Unclassified MD
Heparin + anticoagulants Unclassified GR
Heparin + anticoagulants Unclassified MD
Heparin + anticoagulants Unclassified GR
Steroid, aspirin Unclassified SD
NM A D
NM C GR
f B GR
f B GR
f A MD
f B GR
f C MD
f C GR
f B MD
f B GR
f B GR
f B GR
Stent insertion Unclassified GR
Anticoagulants, hypertension A SD
Antiplatelets B MD
Fluid maintenance A SD
Edaravone C SD
Edaravone C SD
Anticoagulants + antiplatelets C GR

very; MD, moderately disabled; SD, severely disabled; D, dead.
y angiography (conventional or MR angiography) or autopsy; and clinical

e (cannot walk); B, single attack and mild to moderate outcome (can walk);

been mentioned, the present authors speculated if possible from the available

.
ly supportive measures.
let agents, and 1 with steroids.
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with parent artery occlusion was planned in the acute stage
for 2 patients. The surgery was successful in 1 of these
patients and resulted in a good outcome. Here we discuss our
6 cases and 39 other reported cases with special reference to
the role of early surgical treatment.
2. Clinical materials and methods

Inpatient records and conventional angiography reports
at Kohnan Hospital since 1997 were reviewed system-
atically to identify patients who presented with sudden
ischemic symptoms and had angiographic findings con-
sistent with dissection of the intracranial ICA. Angio-
graphic criteria included double lumen sign, intimal flap,
stenosis with dilatation (pearl-and-string sign), dilatation
without stenosis, stenosis without dilatation (string sign),
and tapering occlusion [19]. Both conventional and MR
angiography findings were considered valid as long as the
quality was satisfactory.

A MEDLINE search was carried out to identify reports
after 1980 of patients with intracranial ICA dissection
manifesting as ischemic symptoms. Patients were included
in the current analysis if nontraumatic pathology and
the main clinical symptoms, angiographic (either conven-
tional or MR) findings, and clinical outcomes were
described. Demographic data, activity at onset, initial
Fig. 1. Images from case 43. Diffusion-weighted MR image (A) and MR angiogra
right MCA territory (A). Stenosis is present in the right ICA filled through the MC
study showing stenosis with “double lumen” sign (arrow) at the supraclinoid porti
Diffusion-weighted MR image (D) and MR angiogram (E), both obtained on the 1
treatment, clinical type, and outcome at discharge were
tabulated. The clinical courses were classified into 3 types:
A, single attack and severe outcome; B, single attack and
mild to moderate outcome; and C, recurrent attacks and
various outcomes.
3. Results

Six patients were identified from the inpatient records at
Kohnan Hospital and 39 from the literature [1,5,6,9,11,13,
17,18,20-24,27,28,30] (Table 1). There were 27 males and
18 females, with age ranging from 4 to 60 years (mean age,
21.4 years). The lesion was in the right hemisphere in 24 and
in the left hemisphere in 21.

Two patients had a history of contralateral intracranial
arterial dissection (cases 4 and 16). At least 20 of the 24
patients for whom there was a detailed description had an
onset during some physical activity (mainly sports). Of our 6
patients, 5 had the onset during activity, during sports in 4
patients, and while taking a shower in 1 patient (Table 1).

The predominant prehospital course was sudden head-
ache (usually 1-sided) followed by focal neurologic deficits
including hemiparesis (usually contralateral to the side of
headache) within minutes to hours. Symptoms on admission
were mild to severe, probably depending on the site and size
of the ischemic lesion and the degree of residual cerebral
m (B), both obtained 2 hours after onset. Multiple infarctions are seen in the
A (B). C: Conventional right carotid angiogram obtained just after the MR
on of the right ICA and mild stenosis in the M1 segment of the right MCA.
0th day after the onset. Right ICA and MCA are severely stenotic but patent.
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blood flow. Hemiparesis was present in 41 patients and
consciousness disturbance in 17 (data not shown).

Conventional or MR angiography showed intracranial
ICA steno-occlusive lesions at the supraclinoid portion in all
reported cases leading to a diagnosis of dissection. In our
patients, conventional angiographic findings compatible
with dissection included double lumen (n = 1), tapering
occlusion (n = 1), and stenosis with dilatation or a pearl-and-
string sign (n = 4). Stenotic lesions continued into the MCA
and/or ACA in 2 patients. Angiography or MR angiography
revealed branch occlusion of the MCA or ACA in 3 patients,
suggesting an embolism distal to the dissection.

Medical treatments in the acute stage varied, and there
was no consensus regarding the use of anticoagulant or
antiplatelet agents as shown in Table 1. Our patients were
initially treated conservatively with anticoagulation therapy
using argatroban (n = 1), antiplatelet agents (n = 1), both
anticoagulation and antiplatelet agents (n = 1), the free
radical scavenger edaravone (n = 2), or fluid maintenance
therapy only (n = 1). Three of our patients (cases 40-42) did
Fig. 2. Images from case 43. A: Intraoperative photograph taken at the second surg
abrupt discoloration at the supraclinoid portion (thick arrow). The distal ICA andMC
communicating artery. Photomicrographs of the histologic specimens from M1 (B
narrowed true lumen (number sign) and the pseudolumen (asterisk) are filled w
staining], original magnification ×20).
not deteriorate significantly after admission, but moderate to
severe neurologic deficits persisted as a result of the initial
attack without recurrent attacks. Our other 3 patients (cases
43-45) had sudden aggravations after 7 to 15 days of
uneventful acute course after the first attack due to recurrent
attacks as determined by clinical and imaging findings.

Emergency STA-MCA bypass and proximal occlusion of
the ICA were attempted in cases 43 and 45 (see
representative cases). Surgery was not performed in case
44 because the existing cerebral infarction was relatively
large. There is only one report in the literature of a single
patient treated surgically with STA-MCA bypass with
favorable outcome [13]. Parent artery occlusion was not
performed because its role was not clear at that time.

Clinical outcome at discharge (Glasgow Outcome Scale)
was good recovery in 16 patients, moderately disabled in 8,
good recovery or moderately disabled in 4, and severely
disabled in 5. Twelve patients died. Of our 6 patients, 4 had
severe left hemiparesis and were dependent, and 1 had
moderate left hemiparesis but was independent. Only 1
ery for internal and external decompression. The right ICA dissection is an
A have extensive thromboses throughM4. Dashed arrow indicates posterior
) and M4 (C) showing typical fresh dissection causing the occlusion. The
ith fresh thrombus (Elastica-Masson staining [modified Masson trichrome
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patient (case 45) who underwent successful early surgery
returned home with no deficit (Table 1).
4. Representative cases

4.1. Case 43

A 14-year-old girl complained of sudden headache in the
right temporal region while playing table tennis. A few
minutes later, she became drowsy and unable to move her
left arm and leg. On admission to a nearby hospital, she had
moderate left hemiparesis including facial weakness. She
was somnolent with conjugate eye deviation to the right but
was able to speak. Computed tomography taken 1 hour after
the onset showed no abnormalities. Diffusion-weighted MR
imaging performed 1 hour after CT showed sporadic
hyperintensity lesions in the right cerebral cortex and the
right basal ganglia, and MR angiography revealed intracra-
nial ICA stenosis (Fig. 1A and B). During these examina-
tions, her neurologic deficits improved gradually. The patient
was transferred to our hospital 3 hours after the onset. She
had no consciousness disturbance and only mild left
hemiparesis. Right carotid angiography demonstrated ste-
nosis with “double lumen” sign at the supraclinoid portion of
Fig. 3. Images from case 45. A: Right internal carotid angiogram taken 5 hours aft
portion of the right ICA. B: Right internal carotid angiogram taken 15 days aft
supraclinoid ICA and steno-occlusive lesions in the MCA. C: Right external caroti
good patency of the bypass and occluded right ICA. D and E: Intraoperative photo
ICA (thick arrow, D) and occlusion of the supraclinoid ICA with 2 titanium clips
(dashed arrow) including the site of abrupt discoloration.
the right ICA with some stenosis in the M1 segment of the
right MCA (Fig. 1C).

After admission, her course was satisfactory with
conservative therapy including edaravone, a free radical
scavenger. She became alert and the left hemiparesis
resolved completely by the third day. However, she suddenly
complained of severe right-sided headache again on the 10th
hospital day. She was treated with analgesics. Left hemipar-
esis and consciousness disturbance developed gradually
during observation for a few hours. Diffusion-weighted MR
imaging showed enlargement of the infarction, and MR
angiography disclosed aggravation of the stenosis of the
right ICA (Fig. 1D and E). She was transferred to an
operating room for emergency STA-MCA bypass surgery
6 hours after onset of the second headache and 1.5 hours
after the left hemiparesis became evident. However, the right
ICA (abrupt discoloration at the supraclinoid portion) and
the MCA (from M1 to M4) had extensive thromboses so
bypass was not possible (Fig. 2A).

Three days later, external and internal decompression
surgery was needed to manage severe brain edema
associated with the right cerebral hemispheric infarction.
Samples for histology from the right M1 and M4 were
collected after obtaining informed consent from the parents.
er onset showing irregular stenosis (pearl-and-string sign) at the supraclinoid
er onset, showing aggravated wall irregularity and tapered stenosis at the
d angiogram taken 1 week after the right STA-MCA bypass surgery showing
graphs showing abrupt discoloration at the supraclinoid portion of the right
(E). The clips were applied proximal to the posterior communicating artery
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Both specimens were compatible with arterial dissection
(Fig. 2B and C), suggesting that dissection had started at the
supraclinoid portion of the ICA and propagated as far as the
M4. She had moderate consciousness disturbance for a while
but finally became fully conscious with severe left hemipar-
esis and was transferred to another hospital in a wheelchair
for further rehabilitation.

4.2. Case 45

A 26-year-old man had sudden headache in the right
temporal region while taking a shower. A few minutes later,
he was unable to move his left arm and leg. He was alert but
had severe left hemiparesis by the time he reached a nearby
hospital 1 hour later. He was transferred to our hospital 3
hours after the onset. On admission he was alert with only
slight left hemiparesis. Initial diffusion-weighted MR
imaging showed a few small hyperintense lesions in the
right cerebral cortex and white matter. Magnetic resonance
angiography and right carotid angiography demonstrated
wall irregularity and tapered stenosis of the right ICA at the
supraclinoid portion (Fig. 3A). His left hemiparesis fully
resolved during the first hospital day. He was treated with
antiplatelet and anticoagulation therapy, and the clinical
course was uneventful. However, on the 15th day, he
suddenly noticed slight numbness in his left arm when he
held his breath. Immediate MR angiography and right
carotid angiography demonstrated aggravation of the right
ICA stenosis (Fig. 3B). Diffusion-weighted MR imaging
showed no new infarction.

To prevent further aggravation of dissection, we
performed emergency surgery for therapeutic occlusion of
the right ICA at the site of dissection after double STA-MCA
anastomosis. During surgery, abrupt discoloration of the ICA
at the supraclinoid portion compatible with dissection was
confirmed (Fig. 3D and E). The MCA appeared normal in
spite of poor opacification on angiography. Blood pressure
was controlled carefully to prevent possible hyperperfusion,
and the postoperative course was smooth. Follow-up
angiography 1 week after surgery showed good patency of
the STA- MCA bypass (Fig. 3C). He was discharged with no
neurologic deficit.
5. Discussion

As reported previously, intracranial ICA dissections
generally occur in younger patients [2,7]. Of the 45 patients
whose records we reviewed, 25 were younger than 18 years
and the mean age was 21.4 years old. This age range is
much younger than that of patients with extracranial ICA
or vertebrobasilar artery dissections, which is usually
between 30 and 50 years, with a mean of approximately
40 years [14,26].

Poor outcome after intracranial ICA dissection has been
reported previously. Fullerton et al [7] reported high
mortality (as high as 51%) in children younger than 18
years. We found the mortality among reported cases of
intracranial ICA dissection after 1980 to be 30%. However,
in some recent reports, the outcome of these patients has
been significantly better [5,21,27]. This probably is due to
the early correct diagnosis of this disease based on improved
diagnostic methods, especially in patients with mild
symptoms. In our patients, there were no deaths; however,
4 of 6 patients had severe neurologic deficits at discharge.
Although intracranial ICA dissection can have a better
prognosis than previously thought, it is still a catastrophic
disease for young individuals.

The utility of anticoagulation and antiplatelet agents in
the treatment of patients with intracranial ICA dissection
with ischemic onset remains unclear. Some authors reported
good prognosis with anticoagulation or antiplatelet therapy
[5,21]. However, there are several reports showing that
intracranial dissection with ischemic onset may bleed at the
next attack [16,25,29].

Although some authors have advocated extracranial-
intracranial arterial bypass [9,13,20,27,28], there has been
only one patient who underwent the surgery in the acute
stage [13]. We planned the surgery for STA-MCA bypass
with parent artery occlusion in 2 patients and successfully
accomplished it in one of these. Case 45 illustrates that early
surgery for occlusion of the dissecting parent artery after
STA- MCA bypass is an effective treatment. Case 43
confirmed that the dissection extended from the ICA to the
distal MCAwithin only a few hours. We suggest that surgical
intervention should include both revascularization by bypass
and occlusion of the parent artery at the site of dissection to
prevent distal extension of the dissection.

From the surgical point of view, it is important to
identify patients who have recurrent attacks after mild to
moderate initial events. Therefore, we classified the
reported cases into 3 types. As shown in Table 1, 11
cases were classified as type A, 12 as type B, 10 as type C,
and 12 were unclassified because of insufficient informa-
tion. For type A patients, no conservative treatments have
been effective and the opportunity for surgical treatment
may be limited. Only patients admitted before the deve-
lopment of significant cerebral infarction are candidates for
emergency surgery using either bypass or intravascular
techniques. Type B patients respond well to conservative
treatment and do not require surgical treatment. Type C
patients should be regarded with caution because timely
surgical treatment may influence the prognosis significantly.
Case 43 may have had a better outcome if the bypass
surgery had been attempted immediately after the second
attack of headache.

Recently, endovascular interventions such as stenting
and internal trapping have been one of the important
treatment options for extracranial carotid and intracranial
vertebral artery dissections [3,8,10,12,15,31]. Although
there has been only 1 patient with intracranial ICA
dissection who underwent successful endovascular treat-
ment with stent placement [1], this treatment may be a good
option for type C patients.
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To decide the management plan, it is important to
discriminate types B and C as early as possible, although
we found no definitive way to do so based on the current
information. Close observation for any clinical symptoms,
including headache and temporary neurologic deficits, and
repeated noninvasive studies, such as MR angiography
every few days, for the first 2 weeks after the onset seem
mandatory in possible type B or C patients. If there is any
clinical recurrence (even only headache) or aggravation in
imaging studies (aggravation of ICA dissection or
recurrence of infarction), we recommend that STA-MCA
bypass with occlusion of the dissecting ICA be considered
as soon as possible.
6. Conclusion

Early surgical treatment should be considered for patients
with intracranial ICA dissection manifesting as mild
ischemic symptoms if there is any sign of recurrence or
progression after the onset.
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Commentary

Cerebral infarction in the young population is rare.
Intracranial ICA dissection is one of the various causes of
such ischemic disease. In this study, the authors reported 6
original cases, which were analyzed together with reported
cases in the literature. In this excellent summary of cases,
they showed that this disease is most prevalent in younger
patients (21.4 years), compared with vertebral artery
dissection, and carries a high risk of severe neurologic
deficits or mortality (30%-40%). In their original series of 6
patients, the authors tried 2 emergency operations and
successfully conducted STA-MCA bypass with ICA occlu-
sion in one. Based on these observations, the authors
recommended emergency bypass for patients with
recurrent attack.
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