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Successful retinal blood flow augmentation
after extracranial-intracranial bypass
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Abstract A 61-year-old woman visited us with recent onset
right-side weakness. Magnetic resonance imaging showed is-
chemic changes at the left internal border zone due to occlu-
sive disease affecting the left proximal internal carotid artery.
Prompt oral dual antiplatelet therapy and intravenous fluid
were administered with subsequent induced hypertension
and without reperfusion therapy. Although the hemiparesis
was improved, she complained of a new-onset transient left-
side monocular visual loss. Fluorescein angiography con-
firmed delayed perfusion in the left eye. We performed
extracranial-intracranial bypass for flow augmentation. After
bypass, the amaurosis fugax resolved. Follow-up retinal fluo-
rescein angiography also showed improved retinal perfusion.
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Introduction

The extracranial-intracranial (EC-IC) bypass surgery was in-
troduced by Yasargil in 1967 [10]. Since then, it was widely

applied to treat steno-occlusive lesions involving intracranial
or extracranial internal carotid arteries (ICA). However, sev-
eral randomized controlled studies demonstrated that cerebral
revascularization provided no benefits over medical treatment

Fig. 1 a Premorbid MRT2 FLAIR image shows no ischemic changes. b
Left-sided internal border-zone infarction is seen in the T2 FLAIR image
of current hospital admission. c The white arrow indicates the proximal
occlusion of left internal carotid artery. MR angiography shows cross-
filling of the left hemisphere via the anterior and posterior communicating
arteries
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in terms of reducing the subsequent risk of stroke [3, 9]. As
per results, EC-IC bypass for intracranial or extracranial steno-
occlusive disease is currently restricted to specific conditions,
such as moyamoya disease [5]. Nevertheless, EC-IC bypass is
still an effective option for ICA stenosis or occlusion causing
repetitive ischemic symptoms in spite of best medical treat-
ment. In this case report, we demonstrate the effectiveness of
EC-IC bypass for treating amaurosis fugax caused by retinal
hypoperfusion due to ICA occlusion, which could be con-
firmed by fluorescein angiography (FAG).

Case report

A 61-year-old woman visited the emergency department with
a new-onset right-side hemiparesis from 7 h earlier. In the
significant medical history, the patient had previous video-
assisted thoracoscopic tumorectomy for adenocarcinoma at
the right lower lung (T1aN0M0) 5 years ago. The preoperative
magnetic resonance image (MRI) of brain showed no abnor-
mal findings (Fig. 1a); no magnetic resonance (MR) angiog-
raphy was performed at that time. During this hospital admis-
sion, follow-up dMRI showed subacute ischemic infarction at
the left internal border zone (Fig. 1b) and complete loss of

signal within the left ICA, just above the common carotid
artery bifurcation (Fig. 1c). The left anterior and middle cere-
bral arteries were supplied from right ICA via the anterior
communicating artery (Fig. 1d).

Due to the delayed patient arrival, intravenous thromboly-
sis could not be performed. Instead, dual antiplatelet therapy
(oral aspirin and clopidogrel) and adequate intravenous fluid
replacement were given with a concomitant induced elevated
blood pressure using phenylephrine. Following admission to
the stroke unit, the right-side weakness gradually improved to
nearly normal power over the next 24 h. However, the patient
then complained of a new-onset and intermittent left-side
monocular visual loss (amaurosis fugax). Cerebral digital sub-
traction angiography (DSA) further confirmed complete oc-
clusion of the left proximal ICA (Fig. 2a). Left external carotid
artery selective angiography demonstrated reconstitution of
the cavernous ICA via trans-ophthalmic collaterals (Fig. 2b).
Cross-filling of contrast media from the right ICA and poste-
rior circulation were also noted (Fig. 2c and d). Single-photon
emission computed tomography with acetazolamide showed
left-side basal hypo-perfusion with decreased vascular reserve
(Fig. 2e and f). FAG evaluation of the retinal perfusion per-
formed by an ophthalmologist showed delayed perfusion in
the left eye (Fig. 3).

Fig. 2 a Digital subtraction angiography shows abrupt complete
occlusion of the left proximal internal carotid artery (black arrow). b
Angiographic reconstitution of the ophthalmic artery via the posterior
ethmoidal arteries from the external carotid artery system (black arrow).
c, d The left hemisphere is supplied from the anterior and posterior

communicating arteries. e. Single photon emission computed
tomography (SPECT) shows left-side basal hypoperfusion. f SPECT
with acetalozamide challenge shows decreased vascular reserve in the
left hemisphere
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A review of the border-zone infarction of the left corona
radiata and clinical amaurosis fugax due to simultaneous ret-
inal hypoperfusion led us to perform extracranial-intracranial
bypass surgery and to thus relieve the cerebral and retinal
hypoperfusion. Because there was major collateral support
from both the anterior and posterior communicating arteries,
single superficial temporal artery (STA) to cortical middle
cerebral artery bypass (MCA) was planned. A question-
mark incision was made from the anterior tragus to frontal
side. From the scalp flap, the parietal branch of the STAwas
harvested with 8 cm length from STA bifurcation. It was anas-
tomosed with the angular branch of the left MCA (Fig. 4a) via
rectangular craniotomy (Fig. 4b) around Chater’s point [2].
Intraoperative flow measurement using ultrasonic flow meter
(HT310; Transonic Systems, Ithaca, NY, USA) showed intact
bypass flow with a rate of 70 ml/min. After brief recovery in
the intensive care unit, the patient was transferred to the gen-
eral ward without any neurologic change nor any postsurgical
amaurosis fugax recurrence. Postoperative quantitative MR
angiography (NOVA; VasSol, River Forest, IL, USA) showed
increased bypass flow (85 ml/min, Fig. 4c) through the STA
(Fig. 4d). Follow-up retinal FAG also showed improved

retinal perfusion compared with preoperative examination
(Fig. 3). The patient was discharged with fine motor dysfunc-
tion on the left hand (modified Rankin Scale 1).

Discussion

Randomized-controlled trials have claimed that cerebral re-
vascularization using STA-MCA anastomosis provided no
benefits over medical treatment in terms of reducing the
subsequent risk of stroke [8, 9]. A critical observation made
of these studies, however, was the enrollment of their pa-
tients based solely on clinical symptoms and angiographic
findings [9] and without hemodynamic status data.
Nevertheless, other trials based on hemodynamic impair-
ment also failed to prove the superiority of bypass surgery
over medical treatment [3]. Following these results, the in-
dication of EC-IC bypass was narrowed to specific condi-
tions, such as refractory or crescendo transient ischemic
attack (TIA) in spite of best medical care.

In this report, the patient suffered from newly developed
amaurosis fugax in spite of current best medical practice.
When EC-IC collaterals around orbit are not well-developed,
the resultant hypoperfusion and decreased reservoir capacity
can cause retinal ischemia as well as cerebral ischemia. Unlike
cerebral vasculature, the retinal vessels can uniquely be ob-
served via a lens. Retinal perfusion can be measured by

Fig. 3 Serial fluorescein angiography showing preoperative perfusion
status of the left retina (left-side column series) and correlative
postoperative evaluation (right-side column series). Comparison of the
two columns confirmed significant improvement of overall retinal
perfusion

Fig. 4 a The superficial temporal artery is anastomosed with the cortical
branch of the middle cerebral artery. b Three-dimensional reconstruction
image shows the craniotomy site. c Quantitative MR angiography shows
abundant volume flow of bypass pedicle. d Anastomotic point is clearly
visualized by MR angiography
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calculating both the filling and washout delay using retinal
FAG [1, 7]. Some literatures reported about improvement of
retinal perfusion after EC-IC bypass [4, 6]. In comparison with
prior literature studies, the current report has now demonstrat-
ed the usefulness of fluorescein angiography as a feasible
evaluating tool for retinal hypoperfusion. This simple diagnos-
tic test can also provide crucial information about retinal per-
fusion restoration after revascularization surgery as well as
perfusion status of retina in setting of ICA occlusive disease.

Compliance with ethical standards This study was approved by in-
stitutional review board (B-1708/412–701). The consent from the patient
was waived because postoperative follow-up had already finished.
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