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Introduction 

Intracranial aneurysms are a frequent concern in neurosurgery, affecting 

approximately 2-10% of the general population. The growing utilization of 

radiological imaging has led to an increased detection rate, including cases of 

unruptured aneurysms (Greving et al., 2014; H. Kang et al., 2015; H. G. Kang et 

al., 2015; Nader-Sepahi et al., 2004; Zhang et al., 2019). Among these, middle 

cerebral artery (MCA) aneurysms are particularly common, representing 18-40% 
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of all intracranial aneurysms, with the majority remaining unruptured (Elsharkawy 

et al., 2013). The rupture risk of MCA aneurysms is well-established, increasing 

over time and potentially resulting in intracranial hemorrhage (Juvela et al., 2008; 

Mehan et al., 2014; Villablanca et al., 2013; You et al., 2010). 

The management of unruptured MCA aneurysms includes both surgical and 

endovascular approaches (Bracard et al., 2010; Eboli et al., 2014; Quadros et al., 

2007). Surgical clipping has traditionally been the preferred method due to its 

accessibility and favorable surgical outcomes (Aghakhani et al., 2008; Choi et al., 

2012; Dammann et al., 2014; Diaz et al., 2014). However, advancements in medical 

technology have gradually increased the preference for endovascular treatment of 

unruptured MCA aneurysms (Bracard et al., 2010; Eboli et al., 2014). Endovascular 

procedures have demonstrated promising results, with permanent morbidity and 

mortality rates of 5.1% in unruptured MCA aneurysms treated using this method 

(Brinjikji et al., 2011; Hagen et al., 2019; Molyneux, 2002; Schwartz et al., 2018; 

Spetzler et al., 2015; Toccaceli et al., 2020). 

Definition of Intracranial Aneurysm 

 Intracranial aneurysm is a pathological condition of the cerebral blood 

vessels characterized by local deterioration of the arterial wall accompanied by loss 

of the internal elastic lamina and disruption of the tunica media. Aneurysms can 

occur in all cerebral blood vessels, but the occurrence of aneurysms in the MCA is 

one of the main cases of intracranial aneurysms. (Chalouhi et al., 2013). The MCA 

is a cerebral blood vessel that is an extension of the ICA artery and is divided into 

4 segments (Yang & Huang, 2015). MCA aneurysms mostly occur at the 
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bifurcation (63%) with the location of the early cortical branch M1 as the most 

specific location (60%) (Elsharkawy et al., 2013) 

MCA Aneurysm Occurrence 

 The prevalence of intracranial aneurysm is estimated to reach 2-10% in the 

entire population (Nader-Sepahi et al., 2004). Different results were shown in other 

studies where intracranial aneurysm occurred in the entire population with a 

narrower incidence range of 3-5% (Chalouhi et al., 2013). 

 Middle cerebral artery (MCA) aneurysm itself is a common occurrence in 

intracranial aneurysms. The incidence of MCA aneurysms reaches 14 – 43%
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of all intracranial aneurysm events according to (Elsharkawy et al., 2013; Molyneux, 2002; 

Spetzler et al., 2015). MCA aneurysms mostly occur at the bifurcation (63%) with the location at 

the early cortical branch M1 as the most specific location (60%) (Elsharkawy et al., 2013). Rinne 

et al . studied the anatomical and clinical features of MCA aneurysms in a Finnish population of 

1,314 consecutive patients and reported that 42.6% of all aneurysm patients had at least one MCA 

aneurysm, of which 20% had multiple MCA aneurysms, 17.8% had bilateral MCA aneurysms, 

and 11.2% had mirror MCA aneurysms (Rinne et al., 1996). 

Pathogenesis of MCA Aneurysms 

Vascular Structure and Pathophysiology 

The aortic arch gives rise to the brachiocephalic artery, which then branches into the right common 

carotid artery. Meanwhile, the left common carotid artery originates directly from the aortic arch. 

Both common carotid arteries run parallel and divide at the mandible into the external and internal 

carotid arteries. The external carotid supplies blood to the face and neck, whereas the internal 

carotid remains unbranched until it gives rise to the ophthalmic artery. It then bifurcates into the 

anterior and middle cerebral arteries (MCA), the latter being the largest terminal branch. The MCA 

is divided into four segments (M1–M4), with M1 originating from the internal carotid artery and 

extending into the brain, M2 branching laterally into the Sylvian fissure, M3 extending through 

the insula, and M4 reaching the cortex.(Navarro-Orozco & Sánchez-Manso, 2025) 

The MCA plays a crucial role in supplying oxygenated blood to key brain areas. Its cortical 

branches irrigate the primary motor and somatosensory cortex, covering the face, trunk, and upper 

limbs, along with the insular and auditory cortex. The lenticulostriate vessels from the MCA 



  

Current Advances in the Management and 
Rehabilitation of Middle Cerebral Artery 
Aneurysms: A Comprehensive Review 

Glen O. Taryana MD1,  

Asra A. Fauzi Ph. D1 

 
  

 

Cuest.fisioter.2025.54(3):4917-4946                                                                               4921 

supply the basal ganglia and internal capsule. The superior division of the MCA nourishes the 

lateral inferior frontal lobe, which includes Broca’s area, essential for speech production and 

language comprehension. The inferior division supplies the superior temporal gyrus, 

encompassing Wernicke’s area, which is responsible for language development and speech 

comprehension.(Navarro-Orozco & Sánchez-Manso, 2025) 

Extracellular Matrix Degradation 

The extracellular matrix is a dynamic structure that is constantly undergoing remodeling through 

its relationship with vascular cells. Given the secretory function of smooth muscle cells in cerebral 

arteries rather than contractile function, the mechanical strength of large arteries mainly depends 

on the cross-linking of elastin and collagen. The longevity of elastin produced in early 

embryogenesis is similar to the human lifespan, and it rarely undergoes a wear and tear process. 

Once damage or destruction of the extracellular matrix occurs, the course of the disease may be 

irreversible. Matrix metalloproteinases (MMPs) and tissue inhibitors of metalloproteinases 

produced by smooth muscle cells and inflammatory cells mediate the degradation and remodeling 

processes of the extracellular matrix. An imbalance between MMPs and their inhibitors contributes 

to the initiation and progression of cerebral aneurysms (Jung, 2018). 

 Lysyl oxidase (LOX) catalyzes a critical step in the cross-linking of elastin and collagen 

(Rodriguez et al., 2008). LOX requires a tightly bound copper ion for its active role. Since the 

amount of copper in the diet directly affects LOX activity (Gacheru et al., 1990), copper deficiency 

during development may impair LOX activity and weaken vessel wall integrity leading to 

aneurysm development in adulthood. Recently, it was shown that copper deficiency in mice during 

development resulted in a complex vascular wall abnormality involving thoracic aortic aneurysms 
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and cerebral aneurysms (Jung et al., 2016). The thoracic aorta was dilated with irregular elastic 

fibers, and fusiform and saccular aneurysms were found in surviving mice. Since copper deficiency 

often occurs during infancy in cases of cow's milk or low-copper formula feeding (Lönnerdal, 

1998; Lönnerdal et al., 1985), the infant's environment and feeding habits may influence the 

prevalence and outcome of aneurysms. Clinically, various extracellular matrix abnormalities have 

been detected in patients with connective tissue diseases such as osteogenesis imperfecta, Ehlers-

Danlos vascular syndrome, and Marfan syndrome, which are commonly associated with cerebral 

aneurysms (Jung, 2018). 

Hemodynamic Stress and Its Role in Aneurysm Formation 

Cerebral aneurysms usually occur in the ACOM, PCOM, MCA bifurcation, and basilar artery 

bifurcation where the local (X.-J. Zhang et al., 2018). Blood flow at arterial junctions, bifurcations 

with wider bifurcation angles, or abrupt vascular angles is the most turbulent, and the shear stress 

in these areas is the greatest. High wall shear stress causes endothelial cell damage, smooth muscle 

cell degeneration, and media thinning. Hemodynamic forces also cause endothelial and smooth 

muscle cells to release MMP-2 and MMP-9 and further degrade the extracellular matrix, resulting 

in aneurysm formation. The magnitude of local shear stress correlates well with the degree of 

internal elastic lamina loss, medial degeneration, and arterial bulging (Metaxa et al., 2010). Shear 

stress is clearly a powerful trigger for developing aneurysms in predisposed individuals. In this 

regard, flow diverters to attenuate shear stress have been recently applied to reduce the risk of 

aneurysm growth and rupture (Seshadhri et al., 2011). On the other hand, recent investigations 

with computational fluid dynamics (CFD) models support the role of differential hemodynamics 

in cerebral aneurysm development and rupture. While high wall shear stress promotes aneurysm 
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formation, low stress is associated with aneurysm rupture (Can & Du, 2016). Furthermore, wall 

shear tension is significantly lower at the rupture point of the formed sac, and a meta-analysis 

suggests that decreased wall shear stress can predict aneurysm rupture (Zhou et al., 2017). 

 Smoking is associated with a higher prevalence of cerebral aneurysms and a higher risk of 

rupture. The mechanisms by which smoking results in cerebral aneurysm formation and rupture 

are suggested to be increased wall shear stress due to increased blood volume and viscosity and 

nicotine-induced vasoconstriction (Can et al., 2017). Extracranial carotid disease may 

hemodynamically increase shear stress on the contralateral distal vascular bed by increasing blood 

volume. According to this hypothesis, contralateral carotid artery ligation has been used to create 

experimental cerebral aneurysms; however, the resulting modeling has been inconsistent and 

inefficient. When we investigated the relationship between extracranial carotid disease and 

cerebral aneurysm characteristics, aneurysms were evenly distributed regardless of stenosis 

laterality. The rate of aneurysm growth and rupture in patients with significant extracranial carotid 

artery stenosis was also low (Cho et al., 2013). 

Genetic and Environmental Factors 

Genetic factors play a significant role in intracranial aneurysm (IA) formation, particularly in 

cases involving multiple or hereditary aneurysms, with the specific genes affected varying based 

on ethnicity. External factors such as hypertension and smoking contribute to aneurysm 

development by triggering arterial wall inflammation. The endothelin pathway is a potential 

target for IA prevention and treatment.(Mohan et al., 2015) 
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Research has suggested that lipid metabolism disorders influence the formation and rupture of 

intracranial aneurysms through specific biomarkers. However, the molecular changes caused by 

these disorders in IA remain insufficiently explored. Although omics technologies have 

advanced the identification of novel biomarkers and biological pathways, no comprehensive 

studies have applied proteomics, lipidomics, or multi-omics approaches to systematically 

investigate the systemic molecular alterations linked to lipid metabolism disorders in IA. Future 

research should prioritize these areas to better understand the role of lipid metabolism in 

aneurysm development and rupture.(Pan et al., 2023) 

Clinical Presentation and Risk Factors 

MCA aneurysm is the most common type of lesion in the intracranial arterial wall, and often causes 

headache, dizziness, ischemic infarction, neck pain and mass effect, while certain cases may also 

be asymptomatic (Aoki et al., 2012). A study conducted by Chen and Fang in 2019 showed slightly 

different symptoms where neck pain was the most common symptom (16.3 - 19.6%) followed by 

headache and dizziness (10.9 - 13%). It was also reported that 7.6 - 13% of patients were 

asymptomatic. Symptoms of MCA aneurysm can also cause mass effects shown in the same study 

as many as 10.9 - 25% of patients experienced signs of mass effect (Chen & Fang, 2019). 

Risks of MCA Aneurysm 

 In the report according to the anatomical relationship of ruptured and unruptured MCA 

aneurysms, the rupture factors by multivariate analysis were first perpendicular to the neck 

height/diameter, second flow angle, and third M1-M2 angle. MCA aneurysms are located 

relatively superficially in the sylvian fissure. MCA aneurysms are relatively easy to find than other 

aneurysms. However, the neck dome ratio is larger than other aneurysms. MCA branches may 
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emerge from the sac or neck of the MCA aneurysm, making its treatment quite complicated. 

Therefore, surgical clipping is preferred over coil embolization in treating MCA aneurysms even 

now. This shows the importance of a neurosurgeon's understanding of the features, specificity, 

simulation methods, intraoperative monitoring, and surgical techniques of MCA aneurysms 

(Ikawa, 2019). 

 Overall patient outcome is largely determined by preoperative circumstances, and surgical 

morbidity is actually low. A poor Hunt-Hess grade preoperatively is a strong indication for 

endovascular coiling, unless they have a large temporal hematoma that needs to be evacuated. In 

addition, some patients may benefit from hemicraniectomy. Open surgery can provide the 

opportunity to perform reconstructive cutting of most MCA aneurysms; at the same time, the 

surgeon may be able to perform thrombectomy, bypass, or even aneurysm trapping (Ikawa, 2019) 

Classification of MCA Aneurysm 

 Yoko Kato issued a classification of unruptured MCA aneurysms for the World Federation 

of Neurosurgeons (WFNS) based on morphological features (Kato, n.d.). 

1. Type 1 (simple aneurysm) is an aneurysm that originates as a bulge from a well-defined 

weakness in the arterial wall and is confined to the area of greatest hemodynamic stress at 

the bifurcation and does not extend proximally to the M1 vessel. 
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Figure 2.3 Imaging of an unruptured MCA aneurysm type 1. Intraoperative view (left) and 

schematic drawing of the MCA branching with the axis of the M2 branch at the branching 

(green arrow) parallel to the axis of the aneurysm neck (black arrow) in a type I aneurysm 

with the shaded area indicating the origin of the aneurysm. 

 

2. Type 2 (central type) is an aneurysm with an initial area of weakness in the vessel wall 

reaching M1 proximally and generally occludes or hangs over the bifurcation. 

 

Figure 2.4 Image of an unruptured MCA aneurysm type 2. Intraoperative view (left) and 

schematic representation of the MCA branching with the axis of the M2 branch at the 

branching (green arrow) perpendicular to the axis of the aneurysm neck (black arrow) in a 

type II aneurysm with the shaded area indicating the origin of the aneurysm extending 

proximally to M1. 

 

3. Type 3 is an aneurysm with an aneurysm neck that has complications in the form of 

perforators or branches coming out of the neck. 
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Figure 2.5 Image of an unruptured MCA aneurysm type 3. 

4. Type 4 (complex aneurysm) is an aneurysm with M2 branches appearing to originate from 

the aneurysm and not from M1 due to complete involvement of the walls of M1 and/or M2. 

These aneurysms are generally large in size as giant MCA bifurcation aneurysms involving 

the proximal portions of the existing branches and requiring reconstruction of the 

bifurcation. 

 

Figure 2.6 Image of an unruptured MCA aneurysm type 4. Intraoperative image (left) and 

schematic image (right) showing that M2 arises from the aneurysm and not from M1. 

 

5. Type 5 ( blister aneurysm ) is an aneurysm seen during surgery for aneurysms in a different 

location. 
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Figure 2.7 Image of an unruptured MCA aneurysm type 5. Intraoperative view (left) and 

schematic (right). 

 

MCA Aneurysm Surgery 

 Many surgeons report good results with surgical treatment of unruptured aneurysms, 

although some studies suggest that unruptured aneurysms should not be operated on (Chang & 

Kirino, 1995). Outcomes worse than good or excellent are unacceptable for asymptomatic 

incidental aneurysms. However, it must be recognized that morbidity is never zero, even with 

extensive surgical experience. Unruptured MCA aneurysms pose technical problems because 

many aneurysms are large (15%), and there is often a need for reconstruction and preservation of 

the MCA branches. This often makes the direct surgical approach the procedure of choice for the 

management of unruptured MCA aneurysms (Flamm et al., 2000). 

 MCA aneurysms themselves can be easily accessed through surgery due to their location 

and relatively superficial configuration. This makes surgery still widely used as first-line 

management (Wiebers, 2003). Unruptured MCA aneurysms cause problems in surgical techniques 

because many aneurysms are large (15%), and there is often a need for reconstruction and 

preservation of MCA branches. This often makes a direct surgical approach the procedure of 
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choice in the management of unruptured MCA aneurysms (Flamm et al., 2000). Unruptured MCA 

aneurysms with small sizes still have a risk of rupture so that intervention can still be considered 

(Suzuki et al., 2009). A study conducted by Choi, et al ., showed that unruptured MCA aneurysms 

treated with surgery and clipping had good results. These results are mainly associated with the 

location of the MCA which is easily accessible through various surgical approaches so that surgical 

treatment is recommended in patients with favorable MCA aneurysm angiography and small size 

(S. W. Choi et al., 2012). 

Outcomes surgical procedures 

 MCA aneurysms are located peripherally and usually have a wide neck that incorporates 

one or both M2 segments. The consequence of this configuration is that most MCA aneurysms are 

within the scope of surgical intervention. A report by Nussbaum showed that microsurgical 

aneurysm clipping yielded better outcomes than endovascular intervention for unruptured MCA 

aneurysms, which should be reserved for older patients, those considered at high risk for 

complications from open surgery based on medical comorbidities or aneurysm-related factors, 

such as arterial wall atheroma, or certain aneurysm morphologies. A study of 750 cases of 

unruptured MCA aneurysms showed good outcomes for surgical intervention even though they 

were performed in hospitals that adopted and recommended endovascular intervention for such 

cases (Nussbaum et al., 2007). 

 Several authors have described series of surgically treated MCA aneurysms, often as part 

of larger reported studies (Aghakhani et al., 2008; S. W. Choi et al., 2012; Dammann et al., 2014; 

Diaz et al., 2014). Surgical treatment is generally associated with good outcomes and excellent 

long-term survival in these aneurysmal anomalies. In the hands of experienced microvascular 

surgeons treating intracranial aneurysms in high-volume centers/hospitals, surgical occlusion rates 
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for aneurysms have exceeded 95%, while major complication rates have been less than 3% (Smith 

et al., 2015). 

 

Endovascular Intervention for MCA Aneurysm 

 Despite the technical disadvantages, an increasing trend towards endovascular procedures 

has emerged over the last decade with the emergence of reports regarding Coiling as an option in 

the management of MCA aneurysms. Continuous innovations in endovascular techniques and 

devices have been introduced to address these technical challenges, including stent-assisted 

coiling, improved catheters with increased inner diameter and flexibility, balloon remodeling, and 

three-dimensional rotational angiography. (Yang & Huang, 2015). In an early report by Iijima et 

al. in 2005 with a case series of 149 MCA aneurysm patients, the overall mortality and morbidity 

rates were 6 and 1% for ruptured aneurysms and 1 and 3% for unruptured aneurysms, respectively 

(Iijima et al., 2005). The reported outcomes were comparable and even appeared superior when 

compared to microsurgical treatment. However, only 77.2% of all patients achieved complete 

occlusion of the aneurysm. Another report also identified a recurrence rate of 20.0% at 15 months 

of follow-up , of which 11.4% required re-treatment (Mortimer et al., 2014; Vendrell et al., 

2009)Following these studies, several studies on the feasibility and efficacy of endovascular 

treatment in the management of MCA aneurysms have been reported . The most recent series 

reported by Kadkhodayan et al. in 2014 including 292 patients and 346 MCA aneurysms showed 

an intraoperative thromboembolic event rate of 13.6%, an overall morbidity rate of 2.9% at 30-

day follow-up and a complete or near-complete occlusion rate of 91.8%, with a mean follow-up 

of 2 years [38]. These endovascular studies on the management of MCA aneurysms achieved 
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comparable outcomes to surgical management and established the rationale for extending the “ 

coil first ” policy to the management of MCA aneurysms. (Yang & Huang, 2015). 

Despite the dramatic trend of increasing endovascular management of MCA aneurysms, 

evidence to justify coiling as a management strategy for MCA aneurysms is inadequate. When 

examining short-term (1-year) follow-up outcomes in ISAT, patients with MCA aneurysms were 

the only subgroup in which superiority of clipping over coiling regarding treatment outcomes was 

demonstrated. Furthermore, as suggested by Rodriguez, the distribution of aneurysm locations in 

the ISAT study was significantly different from what was previously reported, with MCA 

aneurysms comprising only 14.0% of all aneurysms in ISAT compared to approximately 25.0% in 

the reported literature, suggesting a potential sampling bias favoring maximal outcomes in the 

coiling group (Rodríguez-Hernández et al., 2013). Furthermore, currently available comparative 

studies and meta-analyses on the treatment of MCA aneurysms suggest little to moderate 

advantage of coiling clipping. Therefore, further investigation is needed to justify endovascular 

therapy as a viable alternative to surgical therapy in the definitive treatment of MCA aneurysms 

(Yang & Huang, 2015). 

Various endovascular procedures can be performed in cases of MCA aneurysm, both in 

ruptured and unruptured conditions. Endovascular treatment options include coiling procedures 

with either single- or double - catheter , stent-assisted techniques coiling ( self expendable, 

standard or round or double-balloon ), and flow diverter (either flow re-direction endoluminal 

device (FRED) from MicroVention, Woven EndoBridge (WEB) from Sequent Medical, or Pipiline 

from Medtronic) with a variety of device options from different manufacturers with their 

respective purposes of use and indications (Gory et al., 2014; Hagen et al., 2019). 

Outcomes endovascular procedure 
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 Endovascular treatment of ruptured intracranial aneurysms has been considered the 

treatment of choice since the publication of the ISAT study in 2002. Recently, ISUIA confirmed 

that unruptured aneurysms can also be treated with endovascular treatment. Because MCA 

aneurysms were underrepresented in the ISAT study, there is still debate about the best way to 

treat aneurysms. Hagen, et al ., reported a mortality rate of 0.6% at hospital discharge and 2.7% at 

long-term (Hagen et al., 2019). This is also in line with other studies that showed similar mortality 

rates for mortality during hospitalization but in the study by McDonald, et al ., showed worse 

outcomes for the operated group in long-term (McDonald et al., 2013). Comparison between 

clipping and endovascular surgical procedures showed comparable results (1.9 – 2.0%) (J. H. Choi 

et al., 2016; Rodríguez-Hernández et al., 2013). 

Degree of occlusion after endovascular procedures 

 The increasing use of endovascular procedures, especially coiling procedures for 

intracranial aneurysms, has led to the need for a classification to standardize intervention 

outcomes. The most commonly used classification is the Raymond-Roy Occlusion Classification 

or also known as the Montrel Scale or Raymond Montreal Scale (Roy et al., 2001). This scale has 

been widely used and agreed upon as the standard classification of aneurysm occlusion grade. 

Class 1 is complete obliteration. Class 2 is residual aneurysm neck. Class 3 is referred to as residual 

aneurysm. In class 3, previous studies have shown a high risk of failure to achieve total occlusion 

and a high potential for bleeding or rebleeding (Johnston et al., 2008; Ries et al., 2007a). 

 Another endovascular procedure is a flow diverter that utilizes blood flow diversion. Two 

variables are assessed: the volume of contrast filling and the degree of contrast material stasis. 

Aneurysm filling is graded as: A - complete (>95%); B - incomplete (5-95%); C - residual neck 

(<5%); or D - no filling (0%). The degree of stasis is determined by the time of contrast clearance 
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from the aneurysmal sac as determined by the angiogram phase: 1 - No stasis (clearance in the 

arterial phase, before the capillary phase); 2 - Moderate stasis (clearance before the venous phase); 

3 - Significant stasis (contrast remains in the aneurysm until the venous phase and beyond). This 

creates a total of ten possible grades, with the stasis grade being assigned to each filling grade 

except Grade D, no filling. (A1, A2, A3, B1, B2, etc.) (O’Kelly et al., 2010). 

Recanalization after endovascular procedures 

 management after endovascular embolization has a higher recanalization frequency 

compared to surgical clipping, ranging from 6.1% to 33.6% (Ries et al., 2007b). Assessment of 

aneurysm recurrence is essential after endovascular treatment given the risk of recanalization. 

Several risk factors have been proposed to explain aneurysm recurrence, including aneurysm 

morphological features, coil compaction and/or migration, and different types of endovascular 

embolization techniques (Jeon et al., 2016; Ries et al., 2007b). Studies using CFD have also 

demonstrated a key role of cerebral hemodynamics in aneurysm recurrence (Luo et al., 2011; 

Sugiyama et al., 2016). However, previous reports based on CFD were mainly conducted on 

relatively small patient-specific cases (e.g.: less than 10 cases) or on a subset of patients, which 

challenges the representativeness of hemodynamic findings (Q. Zhang et al., 2018). 

Outcomes post-endovascular procedure 

 Results reported by several studies reported comparable endovascular outcomes compared 

to published surgical data of unruptured MCA aneurysms (mRS 0-2 in 92%). Intraprocedural 

aneurysm rupture is considered an important complication in unruptured aneurysm interventions 

especially in surgical clipping . Rodriguez-Hernandez, et al ., found a 2-fold higher risk for such 

complications during surgery compared to endovascular treatment (3.4% versus 1.7%). The main 

complication in endovascular treatment is still thromboembolic events (3.2%) (Rodríguez-
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Hernández et al., 2013). Another report by Chyatte, et al ., showed the superiority of surgery in 

a 6-month follow-up where 94% of patients showed no significant decrease in functional outcome 

(Chyatte & Porterfield, 2001). 

 clipping surgery , there are still many studies that support endovascular procedures. A study 

conducted in 2017 on coiling procedures in cases of unruptured MCA aneurysms showed good 

results for clinical outcomes after endovascular procedures. The study reported that endovascular 

procedures had a good level of safety and neurological outcomes in endovascular procedures. The 

good functional outcomes were not significantly different from clipping procedures (Alreshidi et 

al., 2018)(Alreshidi et al., 2018). It should be noted that the differences in the results of these 

various studies have decreased in size from previously published meta-analyses, which may 

indicate that the safety of endovascular procedures increases with proper patient selection and 

increasing technology or experience plays a major role (Smith et al., 2015). Studies, especially 

meta-analyses, that examine the outcomes of endovascular procedures with clipping increasingly 

tend to support endovascular procedures, although many still show that the outcomes of patients 

who receive clipping procedures are better (Blackburn et al., 2014). 

The Importance of Rehabilitation in Patient Recovery 

Rehabilitation plays a crucial role in the recovery of patients following aneurysmal 

subarachnoid hemorrhage (aSAH), significantly influencing functional outcomes and overall 

quality of life. In this study, patient demographics aligned with existing literature, with the majority 

being middle-aged women of varying educational and employment backgrounds. Despite the 

absence of randomization, the control and early rehabilitation groups were comparable, as data 

collection spanned consecutive years. Early rehabilitation was successfully implemented within 

neurointensive care, with interventions tailored to clinical status, particularly for those with motor 



  

Current Advances in the Management and 
Rehabilitation of Middle Cerebral Artery 
Aneurysms: A Comprehensive Review 

Glen O. Taryana MD1,  

Asra A. Fauzi Ph. D1 

 
  

 

Cuest.fisioter.2025.54(3):4917-4946                                                                               4935 

deficits. One year post-aSAH, most survivors regained independence, with early rehabilitation 

demonstrating notable benefits in poor-grade patients by enhancing motor recovery and promoting 

neuronal plasticity. However, no significant improvements were observed in good-grade patients, 

likely due to a ceiling effect in global outcome measures. Potential confounding factors, such as 

age and initial clinical severity, were accounted for, confirming their negative impact on recovery. 

While the inability to randomize patients and the exclusion of those requiring prolonged intensive 

care were study limitations, findings suggest that early rehabilitation is a safe and effective 

intervention for poor-grade aSAH patients, warranting further investigation into optimal 

rehabilitation timing and strategies for severe cases (Karic et al., 2016) 

Cognitive impairments following aSAH remain a major challenge, affecting executive 

function, language, and memory, often hindering survivors from returning to work and diminishing 

their quality of life. While advances in acute-phase management have reduced mortality, long-

term cognitive rehabilitation remains understudied. This review highlights the cognitive deficits 

associated with aSAH, their contributing factors, and potential interventions, drawing insights 

from traumatic brain injury (TBI) research due to shared pathophysiological mechanisms. 

Neurorehabilitation strategies, such as attention process training, metacognitive therapy, and 

cognitive-behavioral interventions, show promise, while pharmacological options like amantadine 

and donepezil may provide additional benefits. A structured, comprehensive approach 

incorporating standardized neuropsychological assessments, early intervention, and long-term 

follow-up is essential to optimize cognitive recovery. Further research is needed to validate these 

interventions, ensuring targeted rehabilitative strategies that enhance functional independence and 

overall quality of life for aSAH survivors (Abdelgadir et al., 2024) 
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Exercise-based rehabilitation is another essential component of post-stroke recovery, with 

strong evidence supporting the inclusion of cardiorespiratory and mixed training to improve 

mobility, balance, and overall fitness. Although the low number of deaths suggests that exercise is 

a safe intervention, it remains inconclusive whether it directly reduces mortality or the risk of 

dependency. Cardiorespiratory training, particularly walking-based exercises, has been linked to 

improved disability outcomes and a ~7% reduction in stroke-related hospitalizations due to an 

increase in VO2 peak. However, cognitive function remains an underexplored yet critical area for 

patients recovering from aSAH and stroke. Further well-designed randomized trials are needed to 

establish the optimal exercise regimen, its comprehensive benefits, and long-term effects on both 

physical and cognitive recovery. Integrating tailored exercise programs within post-stroke and 

post-aSAH rehabilitation protocols may enhance overall patient outcomes and improve long-term 

functional independence.(Saunders et al., 2020) 

Conclusions 

The management of MCA aneurysms requires a multidisciplinary approach combining surgical 

and endovascular advancements with structured rehabilitation. While surgical clipping remains 

the standard, endovascular techniques continue to evolve. Early neurorehabilitation significantly 

improves functional outcomes, particularly in poor-grade patients, while cognitive impairments 

remain a major challenge. Exercise-based rehabilitation enhances mobility and cardiovascular 

health, yet cognitive recovery needs further exploration. Future research should optimize 

rehabilitation timing and strategies to enhance long-term outcomes and quality of life for MCA 

aneurysm patients. 
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