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BACKGROUND Aplastic or twiglike middle cerebral artery (Ap/T-MCA) is a rare anomaly characterized by a unilateral MCA occlusion with plexiform
vessels that causes hemorrhagic and (less commonly) ischemic strokes. The reasons for this are rarely discussed, and thus optimal treatment for
ischemic Ap/T-MCA remains controversial. Here, the authors report a case of Ap/T-MCA with transient ischemic attacks treated by bypass surgery and
discuss the mechanism of ischemic development and treatment methods.

OBSERVATIONS A 62-year-old hypertensive man with transient, recurrent left hemiparesis visited the authors’ hospital. Magnetic resonance
angiography showed proximal occlusion of the right MCA and stenosis in the left MCA. Digital subtraction angiography revealed occlusion of the right
MCA and abnormal vascular networks, leading to a diagnosis of Ap/T-MCA with contralateral MCA stenosis. Antiplatelet therapy with aspirin was
insufficient, and a superficial temporal artery–MCA bypass was performed. There were no ischemic or hemorrhagic events postoperatively.

LESSONS Atherosclerosis seems to have a significant impact on the development of ischemic stroke in patients with Ap/T-MCA, and the presence of
coexisting atherosclerotic stenotic vascular lesions outside the Ap/T-MCA site is substantial in its development. Bypass surgery is a promising
treatment option for ischemic Ap/T-MCA.
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Aplastic or twiglike middle cerebral artery (Ap/T-MCA) is a rare anom-
aly characterized by a unilateral MCA occlusion with plexiform vessels.
This anomaly, with an angiographic incidence rate of 0.088%–1.17%,
is considered congenital and related to embryonic MCA development
interference.1–5 Moyamoya disease (MMD) is an embryologically different
condition from Ap/T-MCA but similar in that it causes hemorrhagic or
ischemic strokes. Previous reports have shown that approximately 70%
of patients with Ap/T-MCA develop hemorrhagic stroke, whereas 20%
develop ischemic stroke.1,3,4,6–22 Reasons for why ischemic stroke is
common in MMD23 but less common in Ap/T-MCA are rarely discussed.

Bypass surgery is the standard treatment for both ischemic and
hemorrhagic MMD.24,25 On the one hand, in hemorrhagic cases of

Ap/T-MCA, aneurysm clipping is usually performed if an aneurysm
is involved, as previously reported.26 On the other hand, patients
with ischemic Ap/T-MCA are often treated conservatively, and
bypass surgery is rarely performed. Therefore, the optimal treat-
ment for ischemic cases of Ap/T-MCA remains unclear.

This article reports a case of Ap/T-MCA with repeated transient
ischemic attack (TIA) treated by bypass surgery. In addition, relevant liter-
ature is reviewed to delineate the clinical features of ischemic Ap/T-MCA.

Illustrative Case
A 62-year-old man with hypertension and diabetes mellitus visited

our hospital because of repetitive, transient left hemiparesis episodes

ABBREVIATIONS Ap/T-MCA = aplastic or twiglike middle cerebral artery; CBF = cerebral blood flow; DSA = digital subtraction angiography; EMS = encephalomyosynangiosis;
ICA = internal carotid artery; MMD = moyamoya disease; MRI = magnetic resonance imaging; SPECT = single-photon emission computed tomography; STA = superficial
temporal artery; TIA = transient ischemic attack.
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lasting about 5 minutes each. On admission, although he had no neuro-
logical deficits, magnetic resonance imaging (MRI) showed mild ischemic
changes in the white matter but no acute cerebral infarction. Magnetic
resonance angiography showed proximal occlusion of the right MCA and
stenosis in the proximal portion of the left MCA (Fig. 1).

Digital subtraction angiography (DSA) revealed occlusion of the right
M1 segment and abnormal vascular networks around the occluded
segment. The vessel diameter of the M2 portion was almost normal.
There was no stenosis in the supraclinoid segments of the internal
carotid artery (ICA) and no transdural anastomosis through the external
carotid artery. DSA also demonstrated antegrade blood flow via the
abnormal vascular network to the distal portion of the occlusion. These
findings suggested Ap/T-MCA (Fig. 2). The proximal portion of the left
MCA was stenotic, and part of the left cerebral hemisphere was
perfused with blood flow from the right side.

A 99mTc-ethyl cysteinate dimer single-photon emission computed
tomography (SPECT) scan demonstrated right-dominant decreases in
the cerebral blood flow (CBF) and reactivity to acetazolamide. Fur-
thermore, the steal phenomenon was observed in the right cerebral
hemisphere (Fig. 3). Due to the contralateral left MCA stenosis,
assessing the actual CBF reduction in the right cerebral hemisphere
was difficult; however, progression of left MCA stenosis was thought
to have caused a decrease in CBF on the right side, resulting in
repetitive TIA.

Antiplatelet therapy with aspirin was initiated, but ischemic episodes
persisted. In addition, the patient also experienced one episode of tran-
sient right hemiparesis, putatively due to left MCA stenosis. Therefore,
additional cilostazol was administered, and this dual-antiplatelet therapy
prevented further ischemic events. However, because patients with
Ap/T-MCA are known to be at increased risk of hemorrhage, we
avoided a long-term continuation of dual-antiplatelet therapy.

Therefore, a right superficial temporal artery (STA)-MCA bypass
with encephalomyosynangiosis (EMS) was performed 3 months
after onset. Cilostazol was discontinued 5 days before surgery, and,
instead, intravenous administration of heparin was performed until
the day of surgery. The frontal and parietal branches of the STA
were bypassed to the M4 portion of the right MCA, and EMS using

FIG. 1. T2-weighted (A) and fluid-attenuated inversion recovery (B) MRI
showing mild ischemic changes in the white matter. Magnetic resonance
angiography (C) showing proximal occlusion of the right MCA and stenosis
in the proximal portion of the left MCA.

FIG. 2. DSA showing occlusion of the right M1 segment associated with
plexiform collateral vessels (A) and stenosis of the left MCA (B). Blood
flow from the right side also perfusing part of the left cerebral hemisphere
(A). Three-dimensional rotational angiography showing abnormal vascular
network around the occluded segment (C) of the right MCA.

FIG. 3. 99mTc-ethyl cysteinate dimer SPECT showing right-dominant
decreases in the CBF and reactivity to acetazolamide (ACZ). Baseline
(left panel) and after ACZ administration (right panel). Blood flow in
part of the right frontal cortex decreasing after ACZ administration
(arrow).
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the inner layer of the temporal muscle was also performed. There were
no intraoperative complications, and the postoperative course was
uneventful. SPECT at 3 months after surgery showed improvement in
CBF and cerebrovascular reactivity. MRI at 10 months after surgery
showed no new cerebral infarcts and persistent bypass patency (Fig. 4).

Because the left MCA stenosis was also symptomatic, all antiplatelet
drugs could not be discontinued. Single-antiplatelet therapy with aspirin
was continued, but there were no ischemic or hemorrhagic events during
the 2-year postoperative follow-up period.

Discussion
Ap/T-MCA is a vascular malformation with the following characteris-

tics: (1) a plexiform vascular network with unilateral M1 steno-occlusive
lesion, (2) antegrade flow and nearly normal vessel caliber of the MCA
branches distal to the steno-occlusive lesion, (3) no steno-occlusive
lesions in adjacent major arteries (with no transdural collaterals), and
(4) no progression of the steno-occlusive lesion.1,2,27

Here, the main differential diagnosis was MMD. MMD is an idi-
opathic, progressive disease characterized by stenosis or occlusion of
the bilateral supraclinoid ICA with secondary collateral formation in the
basal brain. MMD causes ischemic strokes if the collateral perfusion is
insufficient and hemorrhagic strokes if the hemodynamic stress in the
collaterals is excessive. Bypass surgery has been shown to reduce
the risk of future ischemic and hemorrhagic strokes by improving
cerebral perfusion and decreasing hemodynamic stress in patients
with MMD.24,25 Because MMD and Ap/T-MCA are similar in their
propensity to induce ischemic or hemorrhagic strokes involving vulnerable
collaterals, bypass surgery should also be effective for Ap/T-MCA.

Our literature review identified 22 ischemic Ap/T-MCA cases,
including our present case (Table 1).1,6–8,28–33 Ten patients were
treated conservatively or with antiplatelets; two (20%) of these experi-
enced hemorrhagic strokes during antiplatelet therapy.11,21 Six patients,

FIG. 4. Postoperative MRA performed at 10 months after surgery, showing
bypass patency. The right cerebral hemisphere is well perfused through
the bypass.

TABLE 1. Summary of cases with aplastic or twiglike middle cerebral artery presenting with ischemia

Case
No. Authors & Year

Age
(yrs)/Sex Side

Clinical
Presentation

Vascular
Risk

Coexisting Atherosclerotic
Vascular Change Treatment

Outcome
(GOS)

1 Fukawa et al., 19816 57/F L CI ND ND ND GR
2 52/M R TIA, CI (−) Unilateral proximal ICA stenosis ND
3 Takahashi et al., 199728 54/F R TIA, CI (−) Contralateral MCA occlusion STA-MCA bypass
4 Edgell et al., 20107 42/M R CI HL ND ND
5 42/F R TIA Smoking Contralateral MCA stenosis ND
6 Seo et al., 20121 10/F L CI ND (−) EDAS
7 56/F R CI ND (−) ND
8 51/F L CI ND (−) ND
9 58/F R CI ND (−) ND
10 56/F R CI ND Atherosclerotic generation ND
11 Uchiyama et al., 201629 52/F L TIA!ICH HT, HL ND Cilostazol!discontinue GR
12 Hirai et al., 201830 52/M L TIA ND ND Cilostazol GR
13 Lutz et al., 201831 40/F L TIA ND ND Antiplatelet GR
14 Matsunaga et al., 201832 19/F R TIA ND ND STA-MCA bypass & EMS GR
15 Cho et al., 201933 61/M R CI ND ND STA-MCA bypass
16 73/M R CI ND ND Antiplatelet
17 63/F L TIA ND ND Antiplatelet
18 26/F R TIA ND ND Antiplatelet
19 29/F L TIA ND ND Antiplatelet
20 37/M R CI ND ND Antiplatelet
21 Yamada et al., 20208 88/M R CI!ICH HT ND Aspirin/STA-MCA bypass MD
22 Present case 62/M R TIA HT, DM Contralateral MCA stenosis Aspirin 1 cilostazol/STA-MCA

bypass & EMS
GR

CI = cerebral infarction; DM = diabetes mellitus; EDAS = encephaloduoarteriosynangiosis; EMS = encephalomyosynangiosis; GOS = Glasgow Outcome Scale;
GR = good recovery; HL = hyperlipidemia; HT = hypertension; ICA = internal carotid artery; ICH = intracerebral hemorrhage; MCA = middle cerebral artery;
MD = moderate disability; ND = not described; STA = superficial temporal artery; TIA = transient ischemic attack.
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including ours, underwent direct or indirect bypass surgery, preventing
subsequent hemorrhagic and ischemic events. In our case, bypass sur-
gery effectively prevented ischemic stroke and allowed discontinuation of
dual-antiplatelet therapy, resulting in a reduced hemorrhage risk. These
findings suggest that bypass surgery is a promising treatment option to
resolve Ap/T-MCA, but further long-term follow-up clinical studies with
large patient numbers (with and without bypass surgery) are required to
determine the optimal treatment for Ap/T-MCA.

Ischemic stroke is common in MMD23 but not in Ap/T-MCA. The
reason for this is not currently reported, but it may be because
Ap/T-MCA is a congenital anomaly that does not progress, unlike
MMD. Our literature review demonstrates that ischemic cases of
Ap/T-MCA tend to be more common in females and on the right side
(Table 1). Importantly, the mean reported onset age was 48.2 years,
which trends younger than most ischemic stroke cases. A younger
age of onset suggests that patients with Ap/T-MCA may be less toler-
ant to ischemia due to vascular anomalies, and thus CBF on the
Ap/T-MCA side may be insufficient even in asymptomatic patients.
Also, these reports did not mention risk factors for atherosclerosis or
coexisting arteriosclerotic vascular lesions. Among those described,
patients with Ap/T-MCA with an ischemic onset often had risk factors
for atherosclerosis and also a high incidence of other atherosclerotic
vascular lesions that could have affected local blood flow on the
Ap/T-MCA side through collateral vessels. Cases of MCA occlusion or
stenosis at the contralateral side of the Ap/T-MCA showing ischemic
symptoms have been reported.7,28 In our case, the right Ap/T-MCA was
initially asymptomatic but most likely became symptomatic due to
reduced right-side blood flow as atherosclerotic stenosis developed in
the left MCA. Because atherosclerotic degeneration may occur not only
in normal arteries but also in congenitally abnormal arteries, atherosclero-
sis may have a more significant impact on the development of ischemic
symptoms in patients with Ap/T-MCA than in the general population. It
therefore seems essential to control risk factors for atherosclerosis in
patients with Ap/T-MCA.

Observations
We reported a case of Ap/T-MCA with repetitive TIA that was

successfully treated by bypass surgery.

Lessons
Atherosclerosis is thought to strongly influence the development

of ischemia in Ap/T-MCA patients, and the presence of coexisting
atherosclerotic stenotic vascular lesions outside the Ap/T-MCA site is
substantial in its development. Bypass surgery is also a promising
option for both hemorrhagic and ischemic Ap/T-MCA.
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