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Aplastic or twig-like middle cerebral artery harboring unruptured cerebral
aneurysms treated by clipping and bypass surgery: illustrative case
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BACKGROUND Aplastic or twig-like middle cerebral artery (Ap/T-MCA) is a congenital MCA anomaly. It may present with symptoms of both hemorrhage
and ischemia, similar to moyamoya disease, and hemodynamic stress may play an essential role in the development of symptoms in both clinical entities.
The optimal treatment remains controversial in symptomatic patients with Ap/T-MCA. This report discussed the treatment method for a patient with Ap/T-
MCA with unruptured aneurysms who presented with intraventricular hemorrhage (IVH) treated by aneurysm clipping and bypass surgery.

OBSERVATIONS In a 46-year-old woman with a sudden headache, computed tomography showed left IVH. Magnetic resonance angiography
showed a left MCA aneurysm and MCA trunk stenosis. Three-dimensional angiography demonstrated a plexiform arterial network and multiple
aneurysms arising from the MCA and in the plexiform network, leading to the diagnosis of Ap/T-MCA harboring unruptured aneurysms. The patient was
successfully treated by craniotomy with aneurysm clipping and bypass surgery to prevent further intracranial hemorrhages and/or aneurysm rupture.

LESSONS Especially in cases such as Ap/T-MCA, in which hemodynamic stress has a significant effect, the optimal treatment method should be

based on vascular morphology and the impact of hemodynamic stress.

https://thejns.org/doi/abs/10.3171/CASE21360
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Aplastic or twig-like middle cerebral artery (Ap/T-MCA) is a con-
genital MCA anomaly in which the MCA trunk is either stenotic or
occluded with a collateral plexiform network.'® Ap/T-MCA has
been reported in 0.11% to 1.17% of all angiographic cases, show-
ing a high prevalence in East Asia."*®"" Approximately 70% of
patients with Ap/T-MCA develop hemorrhagic stroke, 20% develop
ischemic stroke, and only a few are asymptomatic.'522 These
symptoms and hemodynamics resemble moyamoya disease
(MMD). Patients with Ap/T-MCA who have hemorrhagic stroke often
have aneurysms, as seen in 23 of 31 (74.2%) previously reported
hemorrhagic stroke cases.'>5""1322 |n these patients, the opti-
mal treatment remains controversial because it is necessary to con-
sider both the aneurysm location and hemodynamic stress effect
due to vascular malformation.

In this article, we report a case of Ap/T-MCA with unruptured
aneurysms that presented with an intraventricular hemorrhage (IVH)
treated by aneurysm clipping and bypass surgery. In addition, rele-
vant literature is reviewed.

lllustrative Case

A 46-year-old nonhypertensive woman presented to a local hos-
pital with a sudden severe headache. Computed tomography (CT)
showed IVH (Fig. 1). No subarachnoid hemorrhage was observed.
The patient was treated conservatively for 2 weeks before referral
to our hospital for further examination and treatment. On admission,
she had no neurological deficits. IVH had already disappeared on
CT and magnetic resonance imaging, but magnetic resonance angi-
ography showed a left MCA aneurysm. The distal part of the MCA

ABBREVIATIONS Ap/T-MCA = aplastic or twig-like middle cerebral artery; CT = computed tomography; IVH = intraventricular hemorrhage; MMD = moyamoya disease;

STA = superficial temporal artery.
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FIG. 1. CT scan showing left IVH.

was visualized incompletely, suggesting severe stenosis just distal
to the aneurysm (Fig. 2). Digital subtraction angiography of the left
internal carotid artery showed an MCA aneurysm and an abnormal
vascular network (Fig. 2). The vessel structure of the distal portion
was normal, but delayed blood flow to the periphery was observed.
There was no transdural anastomosis. Three-dimensional angiogra-
phy demonstrated a plexiform arterial network and multiple aneur-
ysms, the largest of which was 5.5 mm in diameter (Fig. 3), arising
from the MCA and within the plexiform network. The diagnosis of
Ap/T-MCA harboring unruptured aneurysms was made. In this
patient, IVH appeared to be the result of adverse effects of hemo-
dynamic stress caused by the plexiform network. Hemodynamic
stress was also considered to be involved in the development of
the aneurysms in the plexiform network.

FIG. 2. Magnetic resonance angiography showing an aneurysm aris-
ing from the MCA. Severe stenosis of the MCA is also demonstrated
(left). Digital subtraction angiogram of the left internal carotid artery
showing the aneurysm and the plexiform network. The vessel struc-
ture of the distal portion is normal (right).
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FIG. 3. Three-dimensional angiogram showing the plexiform arterial
network and multiple aneurysms arising from the MCA and in the plex-
iform network (arrow). The largest aneurysm is behind the plexiform
network (arrowhead).

The patient received craniotomy with aneurysm clipping and
superficial temporal artery (STA) MCA bypass to prevent further
intracranial hemorrhaging and future aneurysm rupture. Some of
the blood vessels inside the plexiform network showed aneurysmal
dilation. All aneurysms were angioplastically obliterated by clipping
without reducing blood flow to the distal portion of the MCA. Intrao-
perative indocyanine green fluorescence angiography showed that
all vessels forming the plexiform network remained patent after

FIG. 4. Postoperative three-dimensional CT angiogram showing the
disappearance of all aneurysms and the patency of the bypass
(arrow).



aneurysm clipping, whereas motor evoked potential monitoring
showed no waveform alterations throughout the surgery.

The postoperative course was uneventful. Postoperative three-
dimensional CT angiography verified bypass patency and the disap-
pearance of all aneurysms (Fig. 4). The patient was discharged without
any neurological deficits, and her condition has remained unchanged
over several years of follow-up. At 6 months after surgery, angiography
showed that the aneurysms had disappeared, but the plexiform network
remained unchanged (Supplemental Fig. 1).

Discussion

Ap/T-MCA is a rare anomaly in which the main trunk of the MCA
is known to be underdeveloped and has a twig-like, persistent prim-
itive plexus of the MCA.® To the best of our knowledge, approxi-
mately 60 cases of Ap/T-MCA have been reported so far.'~36-22 Of
these, 26 cases were associated with aneurysms, including ours
(Table 1), with 19 ruptured and 7 unruptured cases. The average
age (26 cases) was 54.2 years, and women were more likely to be
affected. Half of the ruptured aneurysms developed inside the plexi-
form network; in contrast, most unruptured aneurysms developed

outside or on the opposite side of the plexiform network. In patients
with Ap/T-MCA who have ruptured cerebral aneurysms, clipping
was mainly performed, but there were some combination bypass
and clipping cases as well. Patients had varying prognoses that
seemed to depend on the degree of brain damage that occurred
when the aneurysm ruptured.

When treating patients with Ap/T-MCA who have aneurysms, the
optimal treatment method depends on whether the aneurysm is rup-
tured and the positional relationship between the aneurysm and the
plexiform network. When an aneurysm develops outside the plexi-
form network, it should be managed using standard treatment indi-
cations and methods, regardless of rupture status.

In ruptured aneurysm cases, treatment requires careful consider-
ation, especially if the aneurysm is inside the plexiform network.
There are several reports of parent artery occlusion by intravenous
embolization of the ruptured aneurysms in patients with Ap/T-
MCA.2™ Aneurysms that developed inside the plexiform network
may differ from common saccular aneurysms; the vessels that form
plexiform networks themselves may show aneurysmal dilation, as in
our case. It may be unavoidable to sacrifice the parent vessel in

TABLE 1. Summary of cases with aplastic or twig-like middle cerebral arteries associated with aneurysms

Case No./Authors & Year Age/Sex Clinical Presentation Aneurysm Location Treatment GOS
Ruptured aneurysms
1 Fukawa et al., 1981 16/F IVH Outside the twig Conservative PVS
2 Park et al,, 2004" T4/F ICH, SAH Inside the twig Clipping N/A
3 Liu et al., 2005° 67/F SAH, ICH Inside the twig Clipping N/A
4 44/M SAH, IVH, ICH Inside the twig Clipping N/A
5 Cekirge et al., 2005 32IM SAH, IVH Outside the twig Coiling GR
6 Kim et al., 2005' 64/F SAH Outside the twig Clipping N/A
7 Rodriguez-Hernandez et al., 2011 52IM ICH Inside the twig Trapping & bypass MD
8 Seo et al., 2012° 73IM SAH Inside the twig Clipping N/A
9 Shin et al., 20147 46/F SAH, ICH, IVH Inside & outside the twig Clipping SD
10 49/F SAH, ICH, IVH Inside the twig Proximal occlusion GR
11 42/M SAH, ICH, IVH Inside the twig Clipping & trapping PVS
12 26/M IVH Outside the twig Conservative GR
13 Uchiyama, 2017° T7IF SAH Inside the twig N/A N/A
14 Lang et al.,, 2017 61/M ICH, IVH Inside the twig Trapping GR
15 53/F SAH Inside the twig Clipping SD
16 Seno et al., 20172 49/F SAH, IVH Inside the twig Clipping & bypass GR
17 Sakai et al., 2005%° 65/F ICH, IVH Inside the twig Clipping & bypass SD
18 Fukuda et al.,, 2018™ 60/F SAH Outside the twig Coiling MD
19 Fukuyama et al., 2020?' 53/F SAH Inside & outside Clipping SD
Unruptured aneurysms
20 Seo et al., 2012° 58/M Incidental Outside the twig Coiling N/A
21 58/F Cl Outside the twig Conservative N/A
22 73IM SAH (nonaneurysmal) Outside the twig Conservative N/A
23 49/F ICH Outside the twig EDAS & coiling N/A
24 Akkan et al., 2015 54/M Incidental Outside the twig Conservative N/A
25 Yamada et al., 2020'® 68/M Cl, ICH Outside the twig Bypass GR
26 Present case, 2021 46/F IVH Inside the twig Clipping & bypass GR

Cl = cerebral infarction; EDAS = encephalo-duo-arterio-synangiosis; GOS = Glasgow Outcome Scale; GR = good recovery; ICH = intracerebral hemorrhage; MD =
moderate disability; N/A = not applicable; PVS = persistent vegetative state; SAH = subarachnoid hemorrhage; SD = severe disability.
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some cases, but maintaining blood flow to the distal portion is espe-
cially important in conditions such as Ap/T-MCA, in which hemody-
namic stress is involved. Therefore, angioplastic clipping of the
aneurysm is considered the most reasonable method. When parent
artery occlusion or aneurysm trapping is unavoidable, additional
bypass should be considered.

In unruptured cases, treatment to prevent future ruptures should
focus on the fragility of the parent vessels, especially if the aneu-
rysm develops inside the plexiform network, because from an
embryological point of view, the vessels forming the plexiform net-
work and the aneurysm are considered vulnerable.23®" |t has
also been reported that a conservatively managed unruptured aneu-
rysm associated with Ap/T-MCA ruptured several years later.?
Although the aneurysms were unruptured in our case, one was rel-
atively large and some others were located within the plexiform net-
work. The risk of future rupture was considered high, and
angioplastic clipping to occlude the aneurysms while maintaining
blood flow to the distal portion of the MCA was performed. There-
fore, if there is a risk of excessive hemodynamic stress, clipping is
a valid treatment option even if the aneurysm is unruptured.

An STA-MCA bypass was also performed in our case. Ap/T-MCA
and MMD have similar pathologies, and hemodynamic stress plays a
major role in both clinical entities. Long-term hemodynamic stress to
the collateral vessels is thought to induce vascular abnormalities, lead-
ing to hemorrhage in MMD, and direct bypass surgery proved effective
in preventing hemorrhagic events by reducing such stress.5%% When
considering the optimal treatment for patients with Ap/T-MCA, it is nec-
essary to understand the type of stroke and effects of hemodynamic
stress, as in MMD cases. IVH in our patient was thought to be caused
by such excessive pressure, resulting in the disruption of collateral
periventricular vessels. Bypass surgery in patients with Ap/T-MCA to
decrease pressure on the fragile vessels and prevent future hemor-
thagic stroke has been reported.>'%?? Therefore, reducing hemody-
namic stress on aneurysms and fragile plexiform vessels may help
prevent future hemorrhaging and ischemia as well as the development
of de novo aneurysms. So far, there have been three reports of
changes in the plexiform network after bypass surgery,'®2°?? with no
changes in one case® and regression of the plexiform network in two
cases.'®?2 Postoperative angiography was performed relatively early in
our case, so it might be difficult to determine the effect of the bypass
on Ap/T-MCA accurately. Follow-up angiography will help to determine
the effectiveness of treatment and understand the natural history of
Ap/T-MCA. The optimal treatment should take into account not only
vascular morphology but also the effects of hemodynamic stress. Fur-
ther detailed clinical studies with large series of patients with follow-up
angiography are required to determine the optimal treatment for
patients with Ap/T-MCA with aneurysms.

Observations

We reported a case of Ap/T-MCA associated with unruptured
aneurysms that was successfully treated by clipping and bypass
surgery. Especially in cases featuring Ap/T-MCA, in which hemody-
namic stress has a significant effect, optimal treatment depends on
vascular morphology and the effect of hemodynamic stress.

Lessons

Especially in cases such as Ap/T-MCA, in which hemodynamic stress
has a significant effect, the optimal treatment method should be based
on vascular morphology and the impact of hemodynamic stress.
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