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Background. Several anomalies of the middle cerebral artery have been described in
humans. Since the early 2000s, an anatomical variant called “twig-like middle cerebral artery”
has been described. It is defined as the replacement of the M1 segment by a plexiform
network of vessels. Pathophysiology, clinical and radiological modalities of detection and
follow-up are still unclear, although it may have clinical consequences.

Methods. We present two cases of patients with twig-like middle cerebral artery hospitalised
in the neurovascular unit in Rennes - Pontchaillou University Hospital between July 2022
and February 2023. We then carried out a literature review of cases of twig-like MCA in order
to better define the clinical and imaging characteristics of this disorder.

Results. Bleeding complications are the most frequent, often related to the rupture of
an aneurysm. Complications are treated according to the usual procedure for stroke and
cerebral haemorrhage. This entity is often misdiagnosed as Moya-Moya disease.

Conclusion. Twig-like MCA is an emerging diagnosis which can lead to ischemic and
hemorrhagic complications. The etiological, therapeutic and follow-up management
remains unclear and further longitudinal studies are needed to improve patients’ care.
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Arteére cérébrale moyenne twig-like ou Moya Moya : étude de deux cas et revue de la littérature

Contexte. Plusieurs anomalies de I'artére cérébrale moyenne ont été décrites chez’homme. Depuis le début des années 2000, une
variante anatomique appelée artére cérébrale moyenne en forme de brindille a été décrite. Elle est définie comme le remplacement
dusegment M1 par un réseau plexiforme de vaisseaux. La physiopathologie, les modalités cliniques et radiologiques de diagnostic
et de suivi ne sont pas encore claires, bien qu'une telle anomalie puisse avoir des conséquences cliniques.

Méthodes. Nous présentons deux cas de patients présentant une artere cérébrale moyenne twig-like hospitalisés dans l'unité
neurovasculaire du CHU de Rennes - Pontchaillou entre juillet 2022 et février 2023. Nous avons ensuite réalisé une revue de la
littérature des cas d'artére cérébrale moyenne twig-like afin de mieux définir les caractéristiques cliniques et d'imagerie de cette
malformation.

Résultats. Les complications hémorragiques sont les plus fréquentes, souvent liées a la rupture d'un anévrisme. Les complications
sont traitées selon la procédure habituelle pour les accidents vasculaires cérébraux et les hémorragies cérébrales. Cette entité est
souvent diagnostiquée a tort comme une maladie de Moya-Moya.

Conclusion. Lartére cérébrale moyenne twig-like est un diagnostic émergent a risque de complications ischémiques et
hémorragiques. La prise en charge étiologique, thérapeutique et de suivi reste floue et d'autres études longitudinales sont

nécessaires pour améliorer la prise en charge des patients.

Mots clés : artere cérébrale moyenne twig-like, Moya-Moya, artére cérébrale moyenne, anévrisme

1. Introduction

Twig-like Middle Cerebral Artery (MCA) is a congenital ano-
maly of the MCA described as a replacement of the M1 seg-
ment by a plexiform network of small vessels. This anomaly
is also known as aplastic MCA, unfused MCA or rete mirabile.
The physiopathology is still unclear but it is thought to arise
from an aberration in embryonic development [1-3]. MCA
and anterior cerebral artery (ACA) are normally formed by
the coalescence of a network of small vessels. In twig-like
MCA, these vessels do not fuse or do so incompletely and the
M1 trunk is therefore replaced by a network of small vessels
called twigs. It should also be noted that some authors be-
lieve that the network appears as a substitute network after
a segmental steno-occlusal change in proximal M1, and that
it evolves on its own as the individual grows but retains a
plexiform appearance.

Twig-like MCA is an uncommon anomaly with a frequen-
cy reported in the literature between 0.1 and 1.17% [4-7].
However, it is a diagnosis that is becoming increasingly fre-
quent with the development of imaging techniques. Most
of the cases reported are from Asian countries and espe-
cially from Japan. In Europe, this vascular anomaly is still
little known, and rarely diagnosed. Though, twig-like MCA
disrupts cerebral haemodynamics and may lead to mul-
tiple symptoms and complications (headache, aneurysm,
intracranial haemorrhage, ischemic stroke...). As a result
of this lack of knowledge, there is likely to be an underdia-
gnosis and a lack of treatment recommendations. The main
differential diagnosis remains Moya-Moya disease (MMD)
although it has different anatomical features.

Hence, twig-Like MCA can have severe clinical conse-
quences and deserves appropriate monitoring and thera-
peutic management. In this article, we propose 2 cases of
twig-like MCA and a review of the literature in order to up-
date the latest epidemiological data and clinical characteris-
tics of this entity.

2. Cases presentations

We identified two cases of twig-like MCA during the period
January 2022 and December 2023, in our neurovascular
unit in Pontchaillou Hospital, Rennes. We then conducted
a review of the literature based on the PRISMA criteria (Fi-
gure 3).

2.1.Case 1

A 17-year-old female has been experiencing daily headaches
for the past 3 years. She had a history of headaches during
childhood which resolved with the use of corrective eyewear.
A brain magnetic resonance imaging (MRI) performed when
she was 4 years old was reported as normal at that time.

She is not undergoing any treatment or using contraception.
Her current headaches are daily and non-lateralised. They
have a pulsatile character and are relieved by isolating
herself in a quiet and dark room, suggesting migraine-like
symptoms. There is no familial history of headaches or neu-
rological symptoms.

Due to the recurrence of headaches during adolescence, she
sought consultation with the neurologist, leading to a new
MRI.

The MRI has initially been described with arterial anoma-
lies, including dysplastic stenosis of the termination of the
left internal carotid artery (ICA) and of the M1 segment of
the left MCA with a developed arteriolar collaterality aspect.
There was no vascular accident sequelae or sign of hypoper-
fusion.

These findings were suggestive of MMD. She was then hospi-
talised for an etiological and prognostic assessment.

The clinical examination at entry was normal and did not
reveal any neurological deficit. The patient only described
her usual migraines. Exhaustive biological check-up and
lumbar puncture returned without any significant abnor-
malities.
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Figure 1. Iconography of the first case report : A. Axial brain MRA TOEF. B. Cerebral angiography. C. Coronal Brain MRA T2. Both showing

aplasia of proximal M1 replaced by a plexiform network.

Brain magnetic resonance angiography (MRA) revealed an
aplasia of the left MCA in its M1 portion, replaced by a plexi-
form network of collaterals (Figure 1). This imaging also
showed duplication of the left A1 segment and fenestration
of the right A2 segment, along with anomalies of the middle
cerebral artery.

The arteriography demonstrated aplasia of the proximal
M1 segment replaced by a plexiform network, without ab-
normal distal vascularization with M2 branches of normal
calibre and modal appearance (Figure 1). There was no evi-
dence of smoke curl or stenosis of the carotid termination
or the origin of the left Al. The rest of the arterial vessels
were normal, with no intracranial aneurysms, significant
stenosis or calibre irregularities. The arteriography fin-
dings suggested a congenital malformation of the twig-like
type, and there were no arteriographic arguments suppor-
ting MMD. The review of the MRI performed when she was
4 years old effectively confirmed the presence of the plexi-
form network at that age, and it has remained unchanged
since then.

A Diamox Brain perfusion Single Photon Emission
Computed Tomography (SPECT) showed no abnormalities
in cerebral perfusion, especially in the territory of the left
middle cerebral artery.

2.2. Case 2

A 42-year-old male was admitted to the hospital in July 2022
due to the sudden onset of vertigo and headaches followed
by left hemiparesis. He had no medical history apart from
type 1 diabetes and an occasional drug use. Upon admis-
sion to the emergency room, he was lethargic with a Glas-
gow Coma Scale (GCS) score of 10 with left hemiparesis, he-
mianesthesia and facial paralysis.

A Computed Tomography (CT) scan revealed right fronto-
temporal parenchymal haematoma associated with a su-
barachnoid haemorrhage (SAH). The injected sequences
suggested a Moya-Moya type vascular anomaly with a plexi-
form network of vessels at the M1 segment of the right MCA
(Figure 2).

Arteriography confirmed the presence of a plexiform
network of vessels in place of the M1 segment of the right
MCA with an approximately 50% stenosis of the origin of
an M2 branch of the left sylvian artery (Figure 2). Initially,
these anomalies were thought to represent an incomplete
form of MMD. However, upon careful review of the images,
the diagnosis was revised to twig like MCA.

Exhaustive clinical and biological investigations did not re-
veal any abnormalities that could fit into a secondary form
of MMD.

Complementary brain MRA showed a hypoplastic appea-
rance of the right ICA, which divided into numerous small
vessels at its termination, creating a rete mirabile aspect.
Additionally, there was a duplication of the Al segment of
the right ACA and early bifurcation of the right MCA. No
signs of ischaemic sequelae, microbleeds, cavernomas, or
aneurysm were seen.

A Diamox Brain perfusion SPECT conducted after the hos-
pitalisation showed no abnormalities in cerebral perfusion.
A follow-up brain MRA at 3 months confirmed the rete mira-
bile like appearance consistent with Twig-Like MCA (Figure 2).
Clinically, after a period of rehabilitation, the patient’s cli-
nical condition significantly improved. At the 3-month
follow-up visit, the patient was able to walk and perform
activities of daily living independently. He still had left he-
micorporal hypoesthesia with some neuropathic pain. He
had not yet returned to work due to significant fatigue but
had resumed physical activity at the gym.
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Figure 2. Iconography of the second case report : A. Initial axial CT scan. B. Cerebral angiography. C. 3 months-follow-up MRA. Showing

aplasia of the right ICA terminus associated with a rete mirabile aspect.

3. Literature review

We conducted a search on PubMed to identify case reports
of twig-like MCA using different keywords : “twig-like MCA”,
“twiglike MCA”, “unfused MCA”, “aplastic MCA”, “MCA rete
mirabile”, “rete MCA” from 2005 to 2023 excluding articles
where demographic, clinical or radiological data were in-
sufficiently detailed or missing. Based on our search crite-
ria, we identified 32 reported cases of Twig-Like MCA, most
of which were from Asian countries, particularly Japan (20
out of 32 cases i.e. 62,5% of the reported cases). Details of
this literature review are available in Figure 3 and Table 1.
Our review did not reveal a specific age preference for the
discovery of this anomaly, as it was found in individuals
ranging from 17 to 81 years. In terms of gender distribution,
our review finds 17 women and 15 men.

Twig like MCA is rarely discovered incidentally, with only
3 patients in our cohort being asymptomatic at the time of
initial management. The most common mode of diagnosis is
a bleeding complication (20 out of 32 patients i.e. 62.5% of
the patients), mostly subarachnoid haemorrhages (13 out of
32 patients i.e. 40.6%) but also intraparenchymal (10 out of
32 patients i.e. 31%) or intraventricular (5 out of 32 patients
i.e. 15.6%) haemorrhages. Cerebral infarction was observed
in only 4 cases (i.e. 12.5%).

Complementary examinations usually involve an initial CT
scan followed by MRA, depending on the practice. However,
angiography remains the best examination for the final dia-
gnosis of twig-like MCA. Some authors have complemented
the assessment with SPECT. It is important to note that 4 pa-
tients out of 32 were initially misdiagnosed with MMD.
Initial imaging does not always identify the plexiform
network of vessels developed at the expense of the MCA (19
cases out of 32, i.e. 59%). This network is sometimes hinde-
red by the complications that reveal it, particularly in cases
of hematoma resulting from aneurysm rupture, where only
the cessation of blood flow in the middle cerebral artery is
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Figure 3. PRISMA diagram of our litterature review.

observed. Twig-like MCA is frequently revealed by the as-
pect of MCA stenosis (22 cases out of 32, i.e. 69%), or MCA
occlusion (8 cases out of 32, i.e. 25%). In rare cases (3 out of
32 cases, 9%), initial imaging reveals anomalies in the ante-
rior cerebral artery. One case even reported an anomaly of
the internal carotid artery. In 15 cases out of 32 (i.e. 47%), an
aneurysm was identified on the initial imaging, mostly on
the plexiform network (7 cases out of 32, i.e. 22%). In only 9
cases (i.e. 28%) was the diagnosis of twig like made on initial
imaging. In the other 23 cases, the diagnosis was rectified as
the investigations progressed.
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Table 1. Demographic, clinical and radiological findings of 26 reported cases of twig-like MCA.
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Table 1. Continued.
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Table 1. Continued. The bleeding complications may occur spontaneously or
due to the rupture of an intracerebral aneurysm. Among
the patients, 15 out of 32 patients (i.e. 46.9%) had one or

% - more aneurysms located on the ACA, the plexiform network
§ 5.8 composing the MCA, the accessory MCA or even on the an-
g 5 g terior choroidal artery. Most aneurysms were managed by
§ g é clipping. Several patients (7 out of 32 patients) underwent
& e bypass surgery alone or in combination with endovascu-

- lar treatment to restore proper cerebral hemodynamics

by increasing the vascular supply distally to the twig-like
£ 2 o netwprk. Finally, two patients underwent encephalomyosy-
? % o % s nangiosis.
23 BE=
<~ 8"
c 4. Discussion
g 2 2 8 Twig-like MCA remains an underdiagnosed condition in Eu-
g rope, and patients often encounter an initial misdiagnosis
o ° = due to its nonspecific clinical manifestations.
2 = = < = :E This literature review highlighted the small number of cases
Eﬁ go -%0 S '%"'5 g g P of this syndrome described, revealing either a lack of awar-
= 2 = = = g L_,: g 2 eness of this syndrome or a low number of cases.
— 2’ =) = Our literature review suggests a slight female predomi-
= & - nance of twig-like MCA, which has also been found in pre-
% g S E > s g . ] EPLE) vious studies [4,5]. This female predominance is also found
§ & S § o =3 § 2 3° = in MMD [4]. Larger studies would be beneficial to confirm
& - .’E%”E 2|2 %ﬁ 2 this predominance and to investigate the influence of fac-
= z g S g =2 3 E o ® 3 . .
~ SRl g g 52; % g ?, § tor.s, partlcularly hormonal ones, in the development of
= g é g = E22 [Bsge twig-like MCA.
= T é‘ S & =2 é Clinically, patients with twig-like MCA may present with
°3 @ ° headaches, hemiparesis, aphasia, or impaired conscious-
_ 52 2 g % ness, which can evoque several other diagnoses. All of these
g = = ° % g g symptoms are not specific to this disease and are more clo-
§°§ & g % ' 5B > sely linked to the complications that arise. The radiological
§ 2 § § g S § Jg v features of hematomas, aneurysms and ischemic strokes do
& § g &g Y0 not distinguish a twig-like abnormality from events related
- g to other causes. Twig-like syndrome is rarely identified on
2 initial imaging (just over half the cases in our review of the
" 5 ? 2 literature).
g g 2 g 3 Twig-like MCA can be mistaken for various cerebral anoma-
'% : %”é" g k= lies, including atherosclerosis, especially as patients with
o> ] 2 é £ twig like often have cardiovascular risk factors [4]. However,
;ﬁs 3 < the most common differential diagnosis is Moya-Moya di-
sease [1,4,5,7,30], that consists in a progressive distal steno-
° sis of the internal carotid artery extending to the proximal
X = & 3 segments of the MCA and the ACA. This progressive steno-
o = h = sis induces the development of replacement vessels with a
@ characteristic angiographic appearance of “smoke curls”,
. o - - from which the Japanese name of Moya-Moya is derived.
= N 2 N Therefore, twig-like MCA and MMD share similar angiogra-
= o = o phic features, leading up to 70% of initial misdiagnosis [4].
> However, certain features can help to distinguish the two
‘5’ g é é conditions (Table 2). Twig-like MCA is unilateral in the large
3 = = majority of reported cases whereas MMD is commonly bila-
teral (30%). Furthermore, twig-like MCA usually spares the
9 3 S 3 termination of the ICA and does not involve the posterior
£ SE g5 ) cerebral artery unlike MMD. However, there was one case
Z g B g g7 in our review involving both MCAs, with an embolic occlu-
N sion of a MCA and a twig-like appearance of the contralate-
% E ® S 0 ral MCA [24]. In our first clinical case, internal carotid artery
© dysplasia was described on initial imaging, but later refuted
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Table 2. Clinical and radiological differences between Twig-like MCA and MMD.

Twig-like MCA

Moya-Moya disease

Congenital replacement of the M1 segment by a plexiform
network of small vessels called twig thought to arise from
aberration in embryonic development

Spontaneous progressive steno occlusion of the distal ICA

and proximal branches, with anormal collateral vessel for

suppliance

Clinical aspects :

Stroke (58.6%) : hemorrhagic >> ischemic
More likely to be asymptomatic

Stroke (86%) : ischemic > hemorrhagic
Rarely asymptomatic (< 15% cases)

Radiological aspects :

Unilateral involvement

Can be unilateral (30%) but mostly bilateral

Rare involvement in the ICA terminus

Constant ICA terminus involvement

No involvement of posterior cerebral artery or transdural
anastomosis from the ECA

Possible PCA involvement and transdural anastomoses

Leptomeningeal anastomoses from the ACA and/or PCA [4,8]

Leptomeningeal anastomoses from the ACA and/or PCA

Twig like network join with the in situ MCA

Collateral vessels do not coalesce into a single main trunk

Frequent intracranial aneurysms (34.5%)

Occasional intracranial aneurysms (10.5%)

Frequent coexisting arterial anomalies (48.3%) concerning the
MCA and ACA

Occasional coexisting arterial anomalies (12.3%)

No angiographic progression

Angiographic progression with progressive steno-occlusion

and development of collateral vessels

Twig like network exists in parallel with the M1 segment of
the MCA

Moya-Moya vessels are oriented perpendicular to the axis of

the M1 segment of the MCA

on arteriography. The involvement of the internal carotid
artery was also refuted a posteriori in one of the cases in
our review [3]. These findings suggest the need for caution
in the initial radiological interpretation, which maylead to a
misdiagnosis between twig-like and MMD. In case of doubt,
arteriography can rectify the diagnosis. Current knowledge
therefore suggests that twig-like does not involve arteries
other than the MCA and ACA, but imaging knowledge of this
syndrome is still imperfect and remains to be improved.
The maintenance of adequate perfusion in twig-like MCA
also explains why the transdural anastomoses from the ACE
seen in MMD are not present. However, both conditions
include leptomeningeal anastomoses from the ACA and/
or PCA. Moreover, the plexiform vascular network deve-
lops parallel to the M1 segment of the MCA in twig like syn-
drome, while in MMD, the suppletive vessels are oriented
perpendicular to the axis of M1 of the MCA.

The frequency of arterial anomalies associated with these
two conditions appears to be different. Aneurysms, for exa-
mple, can be seen in both syndromes but are more frequent
in the twig-like MCA (35% vs 12% according to the literature)
[4,7,31]. In fact, our literature review highlights that patients
with a twig-like MCA are particularly at risk of developing
intracranial aneurysms that may lead to bleeding complica-
tions. The increased frequency of aneurysms may partly ex-
plain the frequent haemorrhagic complications in the twig-
like MCA while ischemic complications are most common
in MMD [4]. However, some haemorrhagic complications
seem to occur independently of aneurysm rupture, sugges-
ting that certain aneurysms are incidentally discovered du-
ring an acute event unrelated to the aneurysm itself [17].

Moreover, in some patients with cerebral haemorrhage, no
aneurysm was detected, suggesting that other mechanisms
may explain the haemorrhagic complications, such as flow
turbulence in the plexiform network and downstream ves-
sels.

Twig-like MCA is also a cause of cerebral infarction [24,26-
28], maybe due to hemodynamic stress in the plexiform
network vessels, but it is rarer than in MMD.

The formation and rupture of aneurysms and their rupture
in twig like MCA are probably related to hemodynamic stress
and flow turbulence, which weaken the thin wall of the ves-
sels forming the plexiform network [8,27]. Histological stu-
dies of aneurysms in twig like MCA have shown an internal
elastic lamina (IEL) disruption and a thin aneurysmal wall
[25]. The same histological findings are reported in patients
with aneurysms and no history of twig-like MCA.

The increased risk of bleeding complications makes the dia-
gnosis of twig like MCA important to prevent its potentially
fatal consequences. Currently, there are no precise recom-
mendation issued in Europe regarding the etiological and
therapeutic management of this condition. Most of the time,
the investigations carried out are similar to those performed
in MMD, as the two conditions are often initially confused.
Unlike MMD, which can be associated with systemic patho-
logies, twig-like primarily involves cerebral vascularization,
and therefore, systemic investigations are not required.
The therapeutic management is not yet well-defined, except
for the management of complications such as the rupture of
aneurysms.

Contrary to aneurysms not related to twig-like MCA, where
the endovascular embolization has a prominent place, the
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complex network of small-calibre vessels constituting twig-
like often poses limitations on the feasibility of endovascu-
lar treatment. As a result, clipping predominantly consti-
tutes the approach, especially in the context of hemorrhagic
events.

Some teams also perform bypass surgery between the intra-
and extracranial circulation inspired by the techniques used
in the management of MMD. Precisely, one of those bypass
surgeries, frequently used in MMD, encephalomyosynangio-
sis, can be performed in twig-like. This surgical technique,
consisting of the transposition of the outer layer of the dura
mater, a branch of the superficial temporal artery and the
temporal muscle, aims to stimulate neoangiogenesis and to
promote the development of cerebral anastomoses in order
to re-establish an adequate flow in the cerebral hemisphere
vascularised by the plexiform network. However, in the
two cases we report, no hypoperfusion was found on MRI
or SPECT. Thus, it is worth considering whether these exa-
minations, usually performed in the investigation of MMD,
should be systematic in the investigation of a twig like MCA.
The management of follow-up is also poorly defined, va-
rying from one centre to another and typically consists of
clinical and imaging monitoring. The follow-up time varies
from a few months to several years [11]. The imaging as-
pect appears stable during follow-up, with only one case of
aneurysm progression reported [14]. Our cases confirm the
stability of the imaging aspect, over one decade in the first
case and over a few months in the second case. While most
reported cases do not show progression, the case of progres-
sion aforementioned [14] underlines the need for follow-up,
particularly radiological, to detect possible long-term com-
plications.

In our cohort, no deaths were reported during follow-up.
However, several patients required rehabilitation, and
some still have neurological symptoms at the follow-up visit
(e.g., mild cognitive impairment, aphasia, hemiparesis ne-
cessitating a cane...) such as our second case report.

Figure 4. Imaging comparison. A.
Twig-like MCA. B. Moya Moya disease.

Finally, echoing the female predominance of twig-like MCA
found in the literature, two cases of haemorrhagic com-
plications were reported during pregnancy [17] and one
case of epilepsy and headache occurred in the post-partum
context [7]. The small number of patients does not allow
us to conclude that there is a link between the pregnancy
context and hemodynamic consequences in patients with a
twig-like anomaly. However, these cases suggest that close
monitoring of patients with a known twig-like MCA should
be implemented during pregnancy and confirm the need for
larger studies to investigate the role of hormones in the oc-
currence of this syndrome and its complications.

In this context, our results must be qualified. Longitudinal
studies on larger cohorts will be needed to confirm our ana-
lyses. There are also probably other distinctive features of
the syndrome that are not known at this stage. The current
development of research will make it easier to detect twig-
like syndrome, create specific therapies, particularly before
complications arise, and improve management of compli-
cations when they do occur. For the moment, in the ab-
sence of long-term studies or sufficiently large cohorts and
regarding the frequent occurrence of complications, these
patients should be treated with caution and offered regular
follow-up.

5. Conclusion

Twig-like MCA is an uncommon congenital anomaly in Eu-
rope, with an emerging diagnosis in recent years. The main
differential diagnosis remains Moya-Moya disease or ste-
no-occlusive disease because of their close angiographic
aspects. The complications differ, however, with haemor-
rhagic events being more frequent in twig like MCA. Hence,
precise angiographic explorations are essential for accurate
diagnosis. The screening, additional investigations and the-
rapeutic management remains unclear and further studies
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including a significant number of patients with long-term
follow-up are needed to improve the management of this
syndrome in the future. Longitudinal monitoring is also in-
dicated to detect potential progressive complications of the
twig-like.
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