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Twig-like middle cerebral artery: a case report and literature review
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Background: Twig-like middle cerebral artery (T-MCA) is a rare cerebrovascular malformation with an incidence of approximately 0.11% to 1.17%. It is challenging to distinguish T-MCA from Moyamoya Angiopathy (MMA), particularly from unilateral MMA.



Case presentation: A middle-aged female patient was admitted to our hospital for diagnosis and treatment due to intermittent dizziness lasting for two months. Neurological examination upon admission revealed no significant abnormalities.Whole-brain angiography showed clear blood flow in the left common carotid artery and internal carotid artery; however, no main trunk of the distal left middle cerebral artery M1 segment was visualized, and a network of small arteries supplying blood was observed. High-resolution intracranial arterial plaque imaging revealed no visualization of the LM1 main trunk on plain scan or enhanced high-resolution black-blood sequence; the proximal segment showed significant narrowing with circumferential thickening of the vessel wall. The patient was ultimately diagnosed with left-sided T-MCA.



Conclusions: Asymptomatic T-MCA is challenging to identify clinically, making it essential to perform DSA or high-resolution MRI for suspected cases promptly. Regular follow-up is also necessary to confirm the final diagnosis in these patients.
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Introduction

Twig-like middle cerebral artery (T-MCA) is a rare cerebrovascular cerebrovascular malformation with an incidence of approximately 0.11% to 1.17%. Most T-MCA patients are found to have abnormalities in the middle cerebral artery due to headaches, dizziness, or during routine examinations through magnetic resonance angiography (MRA) or computed tomography angiography (CTA), and the diagnosis is further confirmed by transcranial cerebral angiography (1). The most important differential diagnosis for T-MCA is moyamoya angiopathy (MMA). Due to the similarity in vascular structures, it is challenging to distinguish T-MCA from MMA, particularly from unilateral MMA. T-MCA patients may be asymptomatic in the early stages, but serious complications, such as aneurysms and vascular ruptures, can occur. Therefore, early clinical recognition of T-MCA is crucial to avoid complications and reduce inappropriate interventions. This article reports a case of a patient who presented with simple dizziness and was diagnosed with T-MCA through digital subtraction angiography (DSA), aiming to raise clinical awareness and attention to this condition.



Case report

A middle-aged female patient was admitted to our hospital for diagnosis and treatment due to intermittent dizziness lasting for two months. The patient had a history of hepatitis B for many years, a cesarean section over 20 years ago, and an appendectomy more than ten years ago. Neurological examination upon admission revealed no significant abnormalities. Laboratory tests showed no notable abnormalities in blood, urine, stool, occult blood test, coagulation profile, liver function, kidney function, or homocysteine levels. The lipid profile revealed a low-density lipoprotein (LDL) of 2.81 mmol/L. Cranial MRA indicated no visualization of the left middle cerebral artery (Figure 1). Color transcranial Doppler (TCD) showed reduced blood flow in the left middle cerebral artery, slower flow than the ipsilateral anterior and posterior cerebral arteries and the contralateral middle cerebral artery, and a relatively lower pulsatility index. Ultrasound findings suggested severe stenosis or occlusion of the left middle cerebral artery. Whole-brain angiography showed clear blood flow in the left common carotid artery and internal carotid artery; however, no main trunk of the distal left middle cerebral artery M1 segment was visualized, and a network of small arteries supplying blood was observed. Distal M2 segments and beyond showed visualization, and the left anterior cerebral artery was visible (Figure 2).
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FIGURE 1
Head MRA results. Head MRA test shows no visualization of the left middle cerebral artery, indicating occlusion. (A-C) represent the basal view, anterior view, and superior view of the head MRA, respectively.
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FIGURE 2
Head DSA results. Head DSA test reveals no main blood vessel in the M1 segment of the distal left middle cerebral artery, with multiple small arteries forming a network structure to supply blood. Imaging shows visualization of the M2 segment and distal vascular branches. (A,B) represent the anteroposterior (AP) and lateral views of the DSA, respectively.


High-resolution intracranial arterial plaque imaging revealed no visualization of the LM1 main trunk on plain scan or enhanced high-resolution black-blood sequence; the proximal segment showed significant narrowing with circumferential thickening of the vessel wall. The plain T1WI showed an isointense signal without significant enhancement, and multiple tortuous vascular lumens were observed nearby. Other arterial walls did not have thickening, stenosis, or wall enhancement. Changes at the origin of the LM1 matched the characteristics of T-MCA (Figure 3). The patient was ultimately diagnosed with left-sided T-MCA, with the consideration that her dizziness might be incidental.During hospitalization, the patient received intravenous infusions of Pentoxifylline, Salvia Miltiorrhiza Extract, and Xingnaojing Injection. Subsequently, her symptoms of dizziness were significantly alleviated, and she was discharged in improved condition. The patient was fully informed of the study's purpose, consented, and agreed to publish this case in a medical journal anonymously. The ethics committee of the research institution approved this study.


[image: Figure 3]
FIGURE 3
High-definition imaging of intracranial arterial plaques shows no visualization of the main trunk of LM1. Significant diameter reduction and vessel wall thickening are noted at the proximal end. Multiple tortuous black blood vessels are seen nearby, along with small vascular shadows connected to the cavernous sinus segment of the left internal carotid artery (LICA) and the left anterior cerebral artery (LA1). No thickening or narrowing of the intracranial arterial walls is observed, and there is no evidence of abnormal wall enhancement. (A) Coronal view of HRMRI, displaying the cerebral vasculature in the coronal plane. (B) Sagittal view of HRMRI, showing the right middle cerebral artery lumen (indicated by the white arrow). (C) Sagittal view of HRMRI, showing the location of the left middle cerebral artery (indicated by the white arrow).




Discussion

T-MCA, also known as embryonic unfused middle cerebral artery (MCA), is relatively rare in clinical practice, and there is currently no standardized nomenclature for it internationally (1–3). The middle cerebral artery (MCA) is ultimately formed through the regression and fusion of the retiform plexus originating from the distal part of the primitive anterior choroidal artery (Anterior Choroidal Artery, AChA) during the embryonic period. Failure in the regression and fusion of the retiform plexus can lead to variations of the MCA. The pathogenesis of T-MCA remains unclear, with two primary hypotheses currently under consideration. The mainstream hypothesis suggests that during embryonic development, the primitive middle cerebral artery is composed of multiple plexiform vascular networks, which normally fuse to form the typical middle cerebral artery. Failure of this fusion process results in the persistence of a plexiform arterial network in the M1 segment, presenting as a twig-like appearance (4, 5).Alternatively, T-MCA may represent an acquired condition. It is proposed that T-MCA could be a secondary consequence of chronic middle cerebral artery occlusion. This view is supported by the observation that unilateral M1 segment changes and the presence of normally developed distal MCA branches are less likely to occur embryologically, thus favoring an acquired etiology (6–8).

The clinical manifestations of T-MCA mainly include dizziness, headaches, strokes, and transient ischemic attacks. Studies have reported that some patients have unclear visualization of one side of the middle cerebral artery during cranial MRA as part of a routine examination, and DSA confirms the diagnosis of this condition. However, the patients themselves may be asymptomatic. In a review study by Onoue et al. (7, 9), 54% of patients reported headache symptoms, possibly related to hemodynamic disturbances associated with T-MCA. Although most T-MCA patients do not exhibit specific clinical symptoms, they can still lead to severe complications. Hemodynamic abnormalities in T-MCA patients can result in the rupture of T-MCA vessels or aneurysms, leading to intracranial hemorrhage, however, the natural course of this type of T-MCA is unknown. Some studies have reported that the probability of intracranial hemorrhage occurring in T-MCA patients ranges from 40% to 51% (1, 10). In addition, T-MCA leads to a state of hypoperfusion in the middle cerebral artery region, which can result in cerebral infarction or transient ischemic attacks. Therefore, early identification of T-MCA and implementation of appropriate interventions are crucial for treating patients.

The imaging examinations for T-MCA include DSA, MRA, and CTA, with DSA being the gold standard for diagnosis. Key diagnostic points for T-MCA on DSA include an abnormal tufted arterial network combined with stenosis or occlusion changes in the M1 segment and the presence of the Temporo-Limbic Network (TLN) with multiple channels connected to the in situ MCA (the distal M1 segment or proximal M2 segment). The distal branches of the MCA far from the TLN are close to average in diameter, with antegrade blood flow; the terminal internal carotid artery (ICA) and posterior circulation are unaffected; lenticulostriate arteries (LSA) originate from the TLN; and there are no meningeal collateral branches (11). The DSA findings of this patient are consistent with the imaging characteristics of T-MCA. High-resolution magnetic resonance imaging also has diagnostic value for T-MCA (12). After performing MRA on this patient, no visualization of the left middle cerebral artery M1 segment was found. Subsequent high-resolution magnetic resonance imaging indicated that the LM1 main trunk was not visible, with significant narrowing of the proximal segment, circumferential thickening of the vessel wall, and multiple tortuous black vascular lumens nearby. Some small vascular shadows were seen connected to the cavernous segment of the left internal carotid artery (LICA) and the left anterior cerebral artery (LA1). These findings suggest that the intracranial segment of the left internal carotid artery is connected to a network of vessels, which is diagnostically significant for T-MCA. Transcranial Doppler (TCD) and MRA have limited diagnostic value for this condition. Therefore, patients suspected of having T-MCA should be promptly evaluated with DSA in clinical practice.

T-MCA is primarily differentiated from moyamoya disease (MMD) in clinical practice (13). The differentiation is mainly based on the following aspects:(1) T-MCA shows only stenotic and obstructive changes in the M1 segment of the middle cerebral artery, replaced by a tufted vascular network (parallel to the course of the middle cerebral artery), while the distal vessels are relatively routine. In contrast, MMD exhibits not only stenotic and obstructive changes in the M1 segment but also a nearly complete disappearance of the distal vessels, with the tufted vessels oriented perpendicularly to the axis of the middle cerebral artery. (2) Blood supply in T-MCA can originate from the middle cerebral artery, internal carotid artery, anterior cerebral artery, and lenticulostriate arteries, with anastomoses converging in the Sylvian fissure at the M1 segment. In MMD, the middle cerebral artery region is primarily supplied by the middle cerebral artery, which is gradually replaced by tufted vessels originating from the cranial base around the basal ganglia. (3) T-MCA does not exhibit transdural collateral circulation, whereas transdural collateral circulation is joint in MMD. (4) Patients with T-MCA often have associated intracranial aneurysms, while patients with MMD have fewer instances of this complication. (5) The vascular structure in T-MCA is relatively stable, whereas MMD tends to progress over time. In this case, the patient presented with unilateral MCA involvement. DSA revealed a tufted vascular network in the M1 segment of the MCA, with patent distal vessels, thereby ruling out a diagnosis of MMD.

Currently, there are relatively few case reports on T-MCA. I have conducted a brief summary of the previously reported cases (14–19) (Table 1). From these six cases of T-MCA, it is evident that the clinical manifestations of T-MCA patients primarily include dizziness, headache, and neurological deficits. In cases with concomitant aneurysmal rupture, symptoms may be more severe and potentially life-threatening. Regarding imaging studies, MRA (Magnetic Resonance Angiography) can serve as an initial screening tool, while HRMRI (High-Resolution Magnetic Resonance Imaging) can provide certain diagnostic value. However, DSA (Digital Subtraction Angiography) remains the gold standard for the definitive diagnosis of T-MCA.There has yet to be a consensus on the treatment principles for T-MCA. Due to surgery's potential risks and complications, asymptomatic T-MCA patients may undergo conservative treatment first, with regular follow-up evaluations (1). For arterial aneurysms associated with tree—like middle cerebral artery (T-MCA), especially those that have ruptured, surgical treatment may be considered (15, 17).


TABLE 1 Summary of case reports related to T-MCA.
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Asymptomatic T-MCA is challenging to identify clinically, making it essential to perform DSA or high-resolution MRI for suspected cases promptly. Regular follow-up is also necessary to confirm the final diagnosis in these patients.
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