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Abstract

An 11-year-old boy developed occlusion of the left internal carotid artery (ICA) following surgical
correction of atypical coarctation of the aorta. The patient was admitted to our hospital after presenting
with severe hypertension secondary to abdominal aortic hypoplasia and renal artery stenosis.
Reconstruction of the abdominal aorta with bypass grafting was performed without complication.
However, in the postoperative period, the patient experienced recurrent transient ischemic attacks
manifesting as paresthesia of the right upper limbs, dysarthria, and right-sided weakness. Cerebral
angiography revealed occlusion of the C2 portion of the left ICA and decreased resting cerebral blood
flow in the left hemisphere. Extracranial-intracranial arterial bypass was performed, and the patient
suffered no further adverse neurological events. Coarctation of the aorta is an uncommon congenital
condition that may result in cerebral ischemic disease. The cerebrovascular circulation should be
evaluated, even in patients without a pre-existing history of cerebral ischemic symptoms.
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Introduction

Cerebral ischemia in the pediatric population is
usually caused by cardiac thromboembolic disease,
infection, trauma, or moyamoya disease.8,11,12,18)

Occlusion of the intracranial vessels is less
commonly caused by hematologic disorders or
coagulopathies, and collagen vascular diseases
(such as fibromuscular dysplasia, neurofibromato-
sis, etc.).7,9,14,16) Arteriosclerosis is an uncommon
etiology of cerebral ischemia in children, although a
major cause of cerebrovascular disease in adults.
Coarctation of the aorta is a congenital malforma-
tion that may also generate cerebral ischemia. We
treated an 11-year-old boy with occlusion of the left
internal carotid artery (ICA) following surgical
correction of atypical coarctation of the aorta.

Case Report

An 11-year-old boy presented to our pediatric
hospital on August 25, 2002, with acute onset of

headache and vomiting. The patient had severe
hypertension. He was admitted for further evalua-
tion and treatment. Echocardiography and optic
fundus examination detected hypertensive changes,
but neither valvular heart disease nor arrhythmia
such as atrial fibrillation and sick sinus syndrome.
Digital subtraction angiography (DSA) revealed
abdominal aortic stenosis, left renal artery stenosis,
and a narrowly patent right renal artery (Fig. 1A, B).
The diagnosis was renovascular hypertension and
atypical coarctation of the aorta. His blood pressure
was medically uncontrollable and remained high:
systolic blood pressure (SBP) was 160–180 mmHg,
and diastolic blood pressure (DBP) was 100–110
mmHg.

Surgical reconstruction of the abdominal aorta
and both renal arteries was performed. During the
operation, blood pressure was controlled at
SBP/DBP 90–120/50–80 mmHg, and no paroxysmal
atrial fibrillation occurred. Blood pressure was
controlled within normal limits, but hypotensive
medication was subsequently given. Although the
patient experienced postoperative transient right-
sided weakness, his condition had improved. DSA
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Fig. 1 Abdominal angiograms showing abdominal
aortic stenosis, left renal artery stenosis,
and a narrowly patent right renal artery (A,
B), with correction of renal perfusion (seen
here as enhancement of the renal parenchy-
ma) following surgical vascular reconstruc-
tion (C, D).

Fig. 2 Computed tomography scans obtained on
re-hospitalization demonstrating low
density areas in the left caudate nucleus and
periventricular region.

Fig. 3 Left common carotid angiograms showing
occlusion of C1 portion of the internal
carotid artery (ICA) (A, B), and right com-
mon carotid angiogram demonstrating
blood supply to the left hemisphere via the
anterior communicating artery (C). Left
common carotid angiogram showing
narrowing of the cervical portion of the ICA
(D).
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demonstrated adequate graft patency and improve-
ment in renal blood flow (Fig. 1C, D). A regimen of
nifedipine, valsartan, and aspirin was initiated, and
he was discharged from the hospital.

The patient returned on November 3, 2002 after
developing recurrent transient ischemic attacks
(TIAs), manifesting as several minutes duration of
dysarthria, right upper extremity numbness, and
right-sided weakness. Computed tomography (CT)
revealed low density areas in the left caudate
nucleus and periventricular region (Fig. 2), and the
patient was re-hospitalized. The right-sided weak-
ness resolved within 1 day. Blood pressure and lipid
profile remained within normal limits, and serum
markers of inflammation were generally unremarka-
ble. Fluid-attenuated inversion recovery magnetic
resonance (MR) images obtained at the first
hospitalization (i.e. September 2, 2002) had shown a
small ischemic area in the left periventricular region
and MR angiography showed decreased blood flow
in the C1 and C2 portions of the left ICA. However,
these findings were not then considered significant,
because the peripheral vessels were well visualized.

Medical treatment with intravenous ozagrel
hydrochloride and low molecular dextran was
instituted. Cerebral angiography on November 6,
2002 revealed obstruction of the left ICA distal

to the ophthalmic artery and collateral filling via
the contralateral anterior communicating artery
(Fig. 3A–C), but no aortic stenosis. The cervical
portion of the left ICA was narrowed, beginning
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Fig. 4 Xenon computed tomography (CT) scans be-
fore surgery indicating decreased cerebral
blood flow (CBF) in the left hemisphere (A,
D), and xenon CT scans after surgery show-
ing increased CBF in the left hemisphere,
and normalization of the cerebrovascular
reserve capacity (B, C, E, F).

Fig. 5 Left common carotid angiograms after
surgery showing adequate perfusion in the
territory supplied by the middle cerebral
artery.
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slightly distal to the carotid bifurcation (Fig. 3D).
Xenon CT showed decreased cerebral blood flow
(CBF) in the left hemisphere. The resting regional
CBF (rCBF) was 37.3–53.1 ml/min/100 g in the right
hemisphere, and 24.8–33.2 ml/min/100 g in the left
(Fig. 4A, D). Acetazolamide loading (10 mg/kg) was
also performed, but the patient began vomiting in
the middle of the examination. Therefore, the
regional cerebrovascular reactivity (rCVR) could not
be calculated.

Left superficial temporal artery to middle cerebral
artery anastomosis was performed to treat the
cerebral ischemia (Fig. 5). The patient tolerated the
procedure well and was discharged from the

hospital 1 month later without postoperative
neurological deficits. Xenon CT revealed increased
CBF in the left hemisphere and normalization of the
cerebrovascular reserve capacity. The resting rCBF
was 25.2–39.5 ml/min/100 g in the left hemisphere,
and the rCVR was 32.4–80.2% (Fig. 4B, C, E, F). The
patient remained free of neurological events at
follow up 10-month after the surgery.

Discussion

Coarctation of the aorta is an important congenital
malformation that can cause obstruction in various
vascular beds. Typical coarctation causes strictures
in the isthmus of the thoracic aorta and accounts for
the overwhelming majority (98%) of this type of
malformation. Atypical coarctation is rare and may
be subisthmic, that is located in the region from the
descending to the abdominal aorta, or preisthmic,
that is located in the region between the ascending
aorta and the aortic arch.3,4,6,10) Coarctation of the
aorta often extends to other vascular structures,
such as stenosis of the left common carotid artery,
left subclavian artery, or intracranial arteries.
Atypical coarctation of the aorta with cerebral
arterial occlusion is not so common.1,15)

The etiology of atypical coarctation of the aorta
remains unknown, although association with
neurofibromatosis, fibromuscular dysplasia, and
Turner syndrome have been reported.2,13,17) No such
etiology was found in our patient. Inflammatory
states, such as aortitis, have been also implicated in
the development of atypical coarctation of the aorta.
However, histological examination of the excised
left renal artery in this case revealed hypoplasia of
the vessel without degeneration or inflammation,
suggesting that the present case was a true congeni-
tal malformation.

The main causes of cerebral arterial occlusion are
arteriosclerosis, embolism, vasculitis, etc. In this
case, arteriosclerosis was excluded, because the
patient was 11 years old and histological study of the
renal artery demonstrated hypoplasia of the vessel
without arteriosclerotic change. The patient had no
past history of cardioembolism, such as atrial
fibrillation or valvular heart disease. Embolus was
formed during the first surgery performed on the
abdominal aorta, but embolism generally occurs in
the arteries of the leg rather than the carotid artery.

MR angiography before reconstruction of the
abdominal aorta showed stenosis of the left ICA (C1

and C2 portions). The SBP/DBP was high between
160–180/100–110 mmHg, even after administration
of two or more hypotensive agents. The SBP/DBP
was reduced to 90–120/50–80 mmHg during the
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operation and was subsequently controlled within
normal limits. Therefore, the postoperative appear-
ance of clinical symptoms of ICA obstruction proba-
bly occurred as the result of reduced CBF secondary
to normalization of blood pressure following the
first procedure.

Cerebral angiography performed after repeated
TIAs showed that the cervical portion of the left ICA
was narrowed, beginning slightly distal to the
carotid bifurcation and stenosed after the branching
of the ophthalmic artery. Repeat cerebral an-
giography 2 months later showed the same findings.
In contrast, narrowing of the left ICA in the acute
phase of embolism would be expected to progress
further. Therefore, the narrowing of the cervical
ICA had been present before the first surgery.

Conservative treatment is often the best choice in
the context of pediatric cerebrovascular disease, as
the potential for forming collateral circulatory
routes and recanalization of the original obstruction
is high.5) Our patient was 11 years old, so the
development of collateral circulation from the
ophthalmic artery and external carotid artery could
be expected. However, the patient suffered frequent
TIAs for a few days, the resting rCBF was decreased
in the left hemisphere, and electroencephalography
(EEG) with hyperventilation showed slow waves
in the left hemisphere. Furthermore, stenosis could
be expected in the contralateral ICA, with the risk
of hemodynamic ischemic stress. Consequently,
extracranial-intracranial bypass was performed
to improve the intracranial hemodynamics. The
patient did not experience further neurological
events.

The present case emphasizes the importance of
evaluating cerebrovascular perfusion in patients
with atypical coarctation of the aorta, even if no
pre-existing neurological symptoms are present.
Postoperative symptoms consistent with intracrani-
al stenosis or obstruction require immediate
evaluation (e.g., CBF study, EEG, etc.), and surgical
reperfusion procedures should be considered.
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