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Abstract

Objective: Giant thrombosed intracranial aneurysms (GTIAs) are aneurysmal dilatations
containing partial or complete intraluminal thrombus. Representing approximately 2-5%
of intracranial aneurysms, GTIAs present diagnostic and therapeutic challenges. Optimal
management remains controversial and may involve microsurgical, endovascular, or hy-
brid strategies. Methods: A systematic review was performed in accordance with PRISMA
guidelines using PubMed and Embase to identify relevant studies published between
January 2000 and August 2025. Eligible studies reported clinical, anatomical, or treatment-
related data for patients with GTIAs. Extracted variables included patient demographics,
aneurysm characteristics, treatment modality, and outcomes. Data were standardized
and analyzed using Python. Complication and recurrence rates were pooled in subsets of
studies reporting explicit event counts; comparisons between treatment modalities were
assessed using chi-square analysis. Results: In total, 101 studies including 536 patients
met our criteria. Mean patient age was 50.2 years. Most aneurysms arose from the anterior
circulation (88.2%) involving the internal carotid artery (46.6%) and middle cerebral artery
(39.9%). The unweighted mean aneurysm diameter was 39.0 mm, with a patient-weighted
mean of 24.3 mm. Hybrid treatment strategies were most frequently reported (62.7%),
followed by endovascular (23.3%) and microsurgical (14.0%) approaches. Among studies
reporting explicit counts, the pooled complication rate was 17.0% and the recurrence rate
was 21.0%. Complication rates did not differ significantly between treatment modalities
(p = 0.48), whereas recurrence differed significantly (p = 0.00013). Conclusions: Manage-
ment of GTIAs remains heterogeneous, with increasing reliance on multimodal and hybrid
treatment strategies. However, inconsistent outcome reporting and the predominance of
retrospective studies limit definitive comparisons between treatment modalities.

Keywords: endovascular intervention; giant thrombotic intracranial aneurysm; intracranial
aneurysm; microsurgical clipping
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1. Introduction

Giant thrombosed intracranial aneurysms (GTIAs) are typically defined as aneurysmal
dilatations measuring >25 mm in maximum diameter that contain partial or complete
intraluminal thrombus. The complex morphology, diagnostic difficulty, and high risk
of neurological complications make these lesions a rare challenging subset of intracra-
nial aneurysms. Unlike smaller or non-thrombosed aneurysms, GTIAs often present
with symptoms related to mass effect or thromboembolic phenomena rather than acute
hemorrhage [1]. The pathophysiology of GTIAs involves both altered intra-aneurysmal
blood flow and progressive remodeling of the aneurysm wall. Stasis and disturbed flow
within large aneurysm sacs promote thrombus formation, which in turn can increase wall
stress and facilitate aneurysm growth. Histopathological studies and case reports have
documented extensive thrombus organization and complex vascular architecture within
these aneurysms. Recurrent cycles of thrombosis and partial recanalization contribute to
continued expansion and wall instability [2,3]. Although spontaneous complete thrombosis
of giant aneurysms has been reported, such events are rare and do not necessarily prevent
rupture or other complications [4].

Management of GTIAs remains technically demanding and often controversial. Strate-
gies range from open microsurgical approaches, including thrombectomy with clip re-
construction, aneurysm trapping, and bypass procedures, to endovascular techniques
such as flow diversion and stent-assisted occlusion. In complex cases, multimodal or
staged approaches combining surgical bypass with subsequent endovascular occlusion
have been employed [5]. The presence of intraluminal thrombus and involvement of
branching vessels complicates both surgical and endovascular access, emphasizing the
need for individualized, multidisciplinary planning.

This systematic review aims to synthesize the available evidence on treatment modali-
ties and clinical outcomes for GTIAs, including analysis of complication and recurrence
rates across microsurgical, endovascular, and hybrid management approaches.

2. Materials and Methods
2.1. Protocol and Reporting Standards

The objectives and methodology of this study were prespecified in the International
Prospective Register of Systematic Reviews (PROSPERO; ID # CRD420251074714). The
systematic review was conducted in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines and the methodological
recommendations of the Cochrane Collaboration [6] (Supplementary Table S1).

2.2. Selection Criteria

Eligible studies included randomized controlled trials, nonrandomized interventional
studies, cohort studies, case—control studies, case series, and case reports describing patients
with giant intracranial aneurysms measuring >25 mm in maximum diameter with partial
or complete intraluminal thrombosis. Studies were included if they reported at least one
of the following: patient demographics, aneurysm characteristics, treatment modality, or
clinical outcomes. Articles not published in English or lacking sufficient clinical detail
were excluded.

2.3. Literature Search Strategy

A systematic search of PubMed and Embase was conducted to identify relevant
studies published between January 2000 and August 2025. The search strategy incorporated
combinations of the following keywords: intracranial aneurysm, giant aneurysm, thrombosed,
clipping, microsurgical, endovascular, bypass, and hybrid. In addition to the database search,
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the reference lists of all included articles were manually reviewed to identify additional
relevant publications.

2.4. Data Collection Process

Data were extracted from the 101 included studies into a structured dataset cap-
turing study characteristics, patient demographics, aneurysm morphology, treatment
modality, and reported outcomes, as illustrated in Figure 1. Extracted variables included
patient age, sex, aneurysm size, location, parent artery involvement, degree of throm-
bosis when reported, treatment strategy, complications, recurrence or retreatment, and
neurological outcomes.

Records identified via Additional records
electronic database identified via other
screening (n= 2329) sources (n= 13)
_ | Excluded (n=47)
o Duplicates

.

Titles and abstracts Excludefi (n.= 2044)

screened (n= 2295) » Not meeting inclusion

criteria

Y R}
Full-text articles _
assessed for eligibility p  Fulltextarticles

(n=251) excluded, with reasons

- J (n=132)

1. Studies with no clear
treatment modality or
outcomes reported
2. Studies including large
and giant aneurysms

Y without distinction
Full-text articles 3. Conference abstracts
assessed for analysis and review articles
(n=119) J

N

Qualitative studies
» excluded from pooled
analysis (n = 18)

Y
Studies included in
quantitative (pooled)
synthesis (n=101)

Figure 1. PRISMA flowchart of the article selection process.

2.5. Data Processing and Statistical Analysis

The extracted dataset was cleaned and analyzed using Python version 3.13.2. Text-
based clinical variables were standardized through structured parsing and keyword-based
classification. The number of aneurysm cases reported in each study was extracted and
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aggregated to calculate total patient counts. Age values were converted to numeric form
when reported. Sex distribution was calculated only for studies that explicitly reported
male and female counts; no imputation was performed for missing values.

Aneurysm size values were extracted from free-text entries, converted to millime-
ters when necessary, and averaged when multiple values were reported within a study.
Both unweighted and patient-weighted summary statistics were calculated to account for
heterogeneity in study sample sizes. Parent artery involvement was categorized using
keyword-based mapping into standard cerebrovascular territories including the internal
carotid artery (ICA), middle cerebral artery (MCA), anterior cerebral artery (ACA), basilar
artery, posterior cerebral artery, posterior communicating artery, vertebral artery, and other
less frequently reported arteries. Circulation classification (anterior vs. posterior) was
inferred from parent vessel anatomy.

Treatment modality was categorized into microsurgical, endovascular, or hybrid ap-
proaches based on procedural descriptions. Hybrid approaches included combined or
staged microsurgical and endovascular interventions. Outcome data were extracted from
structured and semi-structured fields within each publication. For complications and recur-
rence, explicit event counts were extracted when reported. These counts allowed pooled
rate estimation within the subset of studies reporting numeric outcomes. Mortality and
functional outcomes were frequently reported qualitatively without standardized denomi-
nators and therefore could not be pooled. Comparisons of complication and recurrence
rates between treatment modalities were performed using chi-square tests within subsets
of studies reporting numeric counts. Statistical significance was defined as p < 0.05.

3. Results
3.1. Study Selection and Patient Characteristics

Out of the 251 full-text articles assessed for eligibility, 119 met the inclusion criteria.
However, 18 articles reported measures qualitatively and were, thus, excluded from further
analysis. The 101 studies reported extractable quantitative data and were included in the
pooled analysis, which consisted of 536 patients with GTIAs. The mean patient age across
studies was 50.2 years, with a median age of 54.1 years (interquartile range [IQR] 41.0-64.0;
range 9-80 years). Sex distribution was reported for 219 patients, of whom 100 were male
(45.7%) and 119 were female (54.3%).

3.2. Aneurysm Characteristics

Most aneurysms arose from the anterior circulation, accounting for 88.2% of cases,
whereas 10.8% involved the posterior circulation and 0.9% could not be definitively classi-
fied due to incomplete reporting. Parent artery involvement was most frequently reported
in the ICA (46.6%) and MCA (39.9%), followed by the basal artery (7.8%). Less common
locations included the ACA (1.5%), posterior cerebral artery (1.5%), and vertebral artery
(1.3%), while other arterial territories were reported only rarely. Aneurysm size across
studies remained large. The unweighted mean aneurysm diameter was 39.0 mm (median
38.0 mm; IQR 29.8-47.3 mm; range 3.5-80 mm). When weighed by study sample size, the
patient-weighted mean aneurysm diameter was 24.3 mm. Although the eligibility criteria
specified a diameter threshold of >25 mm, a small number of included studies reported
mixed cohorts of varying sizes and giant aneurysms without stratified reporting; these
cases account for the values below this threshold at the lower end of the observed range
and for the reduction in the patient-weighted mean relative to the unweighted mean. This
is a limitation addressed further in Section 4.7.
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3.3. Treatment Approaches

Treatment strategies were heterogeneous across studies. Hybrid treatment approaches,
combining microsurgical and endovascular techniques, were the most frequently reported
and accounted for 62.7% of cases. Endovascular approaches alone were reported in 23.3%
of patients, whereas microsurgical treatment alone accounted for 14.0% of cases. This
distribution reflects the increasing adoption of multimodal strategies in the management of
complex thrombosed aneurysms. As defined previously in Section 2.5, the hybrid category
encompasses any combined or staged use of microsurgical and endovascular techniques
within a single treatment course. Due to this relatively broad definition, a high proportion
of cases are categorized as hybrid. Hence, this should be considered when interpreting
this distribution.

3.4. Outcomes

Complications and recurrence were analyzed within subsets of studies reporting ex-
plicit numeric counts. Across studies reporting complication counts, 30 complications
were reported among 176 patients, corresponding to a pooled complication rate of 17.0%.
When stratified by treatment modality, complication rates were 13.2% for microsurgical
treatment, 15.4% for endovascular treatment, and 21.1% for hybrid treatment. No statisti-
cally significant difference in complication rates was observed between treatment groups
(X* p=0.48).

Recurrence data were available for a larger subset of studies. A total of 91 recurrences
were reported among 434 patients, yielding an overall recurrence rate of 21.0%. Recurrence
rates differed across treatment modalities, with 2.3% in microsurgical cases, 12.8% in
endovascular cases, and 26.3% in hybrid approaches. These differences reached statistical
significance (x? p = 0.00013).

Mortality and functional neurological outcomes could not be pooled because these
outcomes were reported inconsistently across studies. Many publications provided qualita-
tive descriptions such as good recovery or neurological improvement without standardized
outcome scales or explicit denominators. Consequently, these endpoints could not be
aggregated for quantitative analysis.

4. Discussion

The management of GTIAs continues to represent one of the most formidable chal-
lenges in cerebrovascular surgery. These aneurysms, typically defined as measuring greater
than 25 mm in diameter, often demonstrate partial thrombosis and complex hemodynamics,
posing significant diagnostic and therapeutic difficulties [7]. Despite advancements in en-
dovascular techniques, microsurgical intervention remains an essential treatment modality
in selected cases.

The present systematic review synthesizes data from 101 studies encompassing
536 patients, highlighting the considerable heterogeneity in clinical presentation, aneurysm
anatomy, treatment strategies, and outcome reporting across the available literature. The
following Sections 4.1-4.6 interpret these findings against the current technical and patho-
physiological literature on GTIA management. Moreover, the pooled statistics (treatment
distribution, complication and recurrence rates, and anatomical distribution) are linked to
their clinical implications.

4.1. Microsurgical Clipping in the Era of Endovascular Therapy

While endovascular treatment has emerged as a first-line approach for many in-
tracranial aneurysms due to its minimally invasive nature, GTIAs often resist complete
obliteration via coiling or flow diversion due to intraluminal thrombus, calcified walls,
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and wide necks [8].These anatomical factors increase the risk of incomplete treatment and
aneurysm regrowth or recanalization [9]. Additionally, the presence of a thrombotic mass
may prevent the device from achieving adequate wall apposition or lead to migration over
time [8,10].

Microsurgical clipping, on the other hand, offers the advantage of direct visualiza-
tion of the aneurysm sac, neck, and associated perforators. This permits precise ma-
nipulation, decompression, and control of the aneurysm, particularly when mass effect
is present [11,12]. It also allows for immediate intraoperative adjustments, such as clip
repositioning, which are not possible with endovascular techniques. Importantly, micro-
surgical access may permit the removal of intraluminal thrombus and reduce the risk of
delayed rupture.

Within the pooled cohort, microsurgical treatment alone was the least frequently used
treatment approach (14.0% of cases), yet was associated with the lowest recurrence rates
among the three modalities (2.3% compared to 12.8% for endovascular and 26.3% for hybrid
approaches) and an intermediate complication rate (13.2%). This pattern is consistent with
the durable and positive outcomes historically attributed to direct clip occlusion. However,
as mentioned in Section 4.7, these comparisons were not adjusted for case selection. This
means that microsurgical clipping may have been preferentially applied to aneurysms with
a more favorable anatomy. Hence, the low recurrence rate should not be interpreted as
indicative of superiority.

4.2. Surgical Planning and Anatomical Considerations

Preoperative planning must be meticulous and incorporate multimodal imaging,
including Digital Subtraction Angiography, Computed Tomography Angiography, and
Magnetic Resonance Imaging [13]. These imaging modalities help determine not only the
morphology and patency of the aneurysm but also the relationship with adjacent neural
structures and the presence of calcification or thrombus. Moreover, the choice of surgical
corridors is critical. In cases involving anterior circulation aneurysms such as those at
the anterior communicating artery, MCA, or distal ACA, the surgeon may benefit from
utilizing natural or pathological corridors, such as infarcted or atrophic brain tissue, to
minimize additional parenchymal injury [14,15]. For posterior circulation aneurysms, skull
base approaches or far lateral approaches may be necessary, depending on location and
exposure requirements [16,17]. An understanding of collateral circulation is essential when
parent artery occlusion or trapping is considered. Balloon test occlusion may assist in
assessing collateral adequacy. Inadequate collateral flow necessitates the use of bypass
procedures [18-22].

These planning principles are directly relevant to the anatomical distribution observed
in this review: 88.2% of the aneurysms arose from the anterior circulation, with the internal
carotid artery (46.6%) and middle cerebral artery (39.9%) being the most frequently involved
sites, while only 10.8% involved the posterior circulation. Anterior-circulation corridors
such as the pterional or minipterional approaches were thus applicable to the vast majority
of cases represented in this literature. Contrastingly, skull base or far lateral approaches
which pertain more to posterior circulation lesions, are applicable to a comparatively
small minority. Given that corridor selection and collateral assessment were not reported
consistently across the different studies, this review cannot quantify how anatomical
location influences the modality choice or outcome. Thus, this gap represents a target for
more granular data extraction in future studies.

https://doi.org/10.3390/jvd5040030
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4.3. Bypass and Revascularization Techniques

In cases where parent vessel occlusion is required, revascularization may be necessary
to preserve distal perfusion. Both extracranial-intracranial and intracranial-intracranial
bypasses have been described [23-25]. Intracranial-intracranial bypasses are generally
preferred when feasible due to their lower risk of kinking and shorter graft length. However,
these require careful intraoperative planning and high microsurgical precision.

Bypasses such as superficial temporal artery to MCA or radial artery grafts are em-
ployed based on recipient vessel location and caliber [26]. Recent advances in intraoper-
ative tools, such as indocyanine green angiography and Doppler ultrasonography, have
enhanced the safety and success of bypass procedures by providing real-time assessment
of flow dynamics.

Revascularization techniques (extracranial-intracranial vs. intracranial-intracranial
bypass) were not reported consistently in all studies. Therefore, bypass-specific outcomes
could not be analyzed separately from the broader hybrid and microsurgical context
discussed in Section 3.

4.4. Hybrid Strategies and Intraoperative Considerations

A hybrid approach combining endovascular balloon occlusion or coiling with mi-
crosurgical clipping has gained traction in recent years [27,28]. Suction decompression,
facilitated by temporary balloon occlusion of the parent artery, can significantly improve
visualization and facilitate safe dissection and clip application. This approach is particularly
useful in large, high-pressure aneurysms where traditional proximal control is difficult.
However, hybrid approaches are not without risks. Anticoagulation during endovascular
intervention may increase the risk of intraoperative bleeding during microsurgical expo-
sure. Therefore, careful coordination between surgical and endovascular teams is essential
to ensure optimal timing and minimize complications.

The hybrid approach was the most frequently reported strategy, accounting for 62.7%
of cases. As noted in Section 3.3, the broad definition applied to this category likely
contributed to its high apparent prevalence. Hybrid approaches were also associated with
the highest complication (21.1%) and recurrence (26.3%) rates among the three modalities,
exceeding both microsurgical (13.2% and 2.3%, respectively) and endovascular (15.4%
and 12.8%) treatment alone. Without properly contextualizing the reason behind these
findings, this pattern might suggest that hybrid strategies are less safe and effective than
single-modality treatment. However, hybrid approaches are, by clinical rationale, typically
reserved for the most anatomically challenging aneurysms, including those with extensive
intraluminal thrombus, wide necks, branch vessel involvement, or failed attempts at a
single-modality approach. The elevated event rates observed here therefore more plausibly
reflect the underlying case complexity for which a hybrid strategy was selected, rather than
an inherent deficiency of the hybrid approach itself.

4.5. The Role of Dual-Trained Cerebrovascular Neurosurgeons

Given that hybrid strategies represented the majority of reported treatment approaches,
the following perspective on dual-trained cerebrovascular neurosurgeons is particularly
relevant. It represents the authors” expert opinion, informed by the patterns observed in
the included literature rather than a finding directly derived from the systematic review
data. The increasing use of hybrid treatment strategies for giant thrombosed intracranial
aneurysms highlights the importance of surgeons trained in both microsurgical and en-
dovascular techniques. As noted in this included literature, management of these lesions
often requires individualized approaches that may involve bypass, thrombectomy, clip-
ping, flow diversion, or staged combinations of surgical and endovascular interventions.

https://doi.org/10.3390/jvd5040030
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Surgeons trained exclusively in either microsurgical or endovascular techniques may be
limited in their ability to offer the full range of treatment options. In contrast, dual-trained
cerebrovascular neurosurgeons are uniquely positioned to evaluate complex aneurysm
anatomy and select the most appropriate strategy without bias toward a single modality.
This training model, which has been increasingly emphasized in the United States, may
facilitate more flexible procedural planning and allow seamless integration of microsurgical
and endovascular techniques when managing complex aneurysms [11,20,23,28].

4.6. Pathophysiology and Rupture Risk

The natural history of GTIAs is incompletely understood, but evidence suggests that
these aneurysms undergo a cyclical process of mural hemorrhage, thrombus formation,
and neovascularization [7]. This may explain their unpredictable clinical course and higher
annual rupture rate compared to smaller aneurysms. Intramural thrombus can both protect
against rupture by dampening pulsatility and increase risk by creating an inflammatory
environment within the aneurysm wall.

Interestingly, several studies suggest that intraoperative rupture rates for GTIAs
may actually be lower than smaller, nonthrombotic aneurysms due to the presence of
multiple fibrotic thrombus layers [29,30]. However, when rupture does occur, the volume
of hemorrhage and risk of neurological deterioration is significantly greater due to the
aneurysm’s size.

4.7. Limitations

Several limitations must be acknowledged when interpreting the findings of this
systematic review, most of which stem from the structure and reporting quality of the
existing literature on GTIAs. A formal methodological quality and risk of bias assessment
(e.g., the Newcastle-Ottawa Scale) was not performed for individual studies, and this
represents a limitation of the present review. Given that the included literature consists
predominantly of retrospective case series and single-case reports, the risk of bias related
to selection, reporting, and confounding is expected to be substantial and variable across
studies. The current evidence base is composed predominantly of retrospective case se-
ries and single-case reports, with no prospective comparative studies identified. Classic
microsurgical experiences describing thrombectomy, clip reconstruction, trapping, and
bypass, such as those reported by Drake [1], Peerless and Drake [2], Sundt and Piepgras [3],
Yasargil et al. [4], and Lawton et al. [5], provided essential technical insights into operative
feasibility and natural history but were not designed for comparative outcome analysis
and frequently involved highly selected referral populations. As a result, selection bias and
incomplete outcome reporting are unavoidable and limit generalizability. Similarly, contem-
porary endovascular and hybrid series, including early experiences with flow diversion, are
observational in nature and lack appropriate control groups [31-33]. Consequently, causal
inferences regarding the relative effectiveness or safety of different treatment strategies
cannot be drawn. These chi-square comparisons were unadjusted for confounders such
as aneurysm size, location, morphology, thrombosis degree, treatment era, or follow-up
duration, and were drawn from heterogeneous retrospective data; the significant difference
in recurrence rates should not be taken as evidence of comparative treatment effectiveness.

Outcome reporting across the included studies was highly heterogeneous and fre-
quently inconsistent. Many publications reported neurological outcomes qualitatively
rather than quantitatively or described complications, mortality, or retreatment without
providing explicit numerators, denominators, or standardized functional outcome mea-
sures. This limitation was present across both microsurgical and endovascular literature,
including large institutional series and smaller hybrid cohorts [5,32,33]. For example, sev-
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eral large microsurgical series described outcomes using qualitative terms such as good or
poor recovery without standardized functional scales or explicit complication rates [2,3].
As a result, true event rates could not be calculated for many endpoints, and only limited
pooled analyses were possible in subsets of studies reporting explicit outcome counts.

Treatment classification represented an additional limitation. Many studies described
complex, staged, or multimodal management strategies, such as extracranial-intracranial
bypass followed by trapping or delayed parent vessel occlusion, without clearly iden-
tifying a dominant treatment modality or attributing outcomes to specific procedural
components [5,33]. As a result, outcomes were often reported for the overall treatment
course rather than per intervention, complicating interpretation of modality-specific results.

There was also marked heterogeneity in aneurysm definition and characterization.
Although a diameter threshold of > 25 mm is defined for giant aneurysms, some studies
included aneurysms below this cutoff or combined large and giant aneurysms into a single
category or combined thrombosed and non-thrombosed aneurysms without stratified
reporting [2,34]. The extent of thrombosis, aneurysm morphology, involvement of branch
vessels or perforators, and presence of calcification were inconsistently reported despite
their known impact on treatment complexity and outcome [3,33]. The degree of thrombosis,
partial versus complete, was variably defined or not quantified despite its known impact
on mass effect, surgical complexity, and endovascular feasibility [5,35].

Temporal bias further limits interpretability. The included literature spans several
decades, during which significant advances occurred in microsurgical techniques, cerebral
revascularization, neuroimaging, endovascular devices, and perioperative care. Outcomes
reported in early surgical series are therefore not directly comparable to those reported in
more recent endovascular or hybrid studies utilizing flow-diverting stents and modern
adjunctive techniques [6,7,10].

Follow-up duration was variable and often limited. While some classic surgical series
included long-term follow-up, many endovascular and hybrid studies reported short or
unspecified follow-up intervals [5,8]. Given the recognized potential for delayed aneurysm
growth, thrombus progression, recanalization, and late neurological deterioration in GTIAs,
this limitation restricts the assessment of long-term durability.

Publication bias is also likely substantial. Many reports reflect single-center expe-
riences and small patient cohorts, limiting generalizability and introducing selection
bias. Given the rarity and technical complexity of GTIAs, successful or novel treatment
strategies are preferentially reported, particularly in single-case reports and small series.
Negative outcomes, failed interventions, and conservatively managed cases are likely
underrepresented [36].

Collectively, these limitations reflect the intrinsic challenges of studying a rare, het-
erogeneous, and technically demanding pathology rather than deficiencies of individual
studies. They highlight the need for standardized definitions, uniform outcome reporting,
and multicenter collaboration to improve the quality of evidence guiding the management
of GTIAs.

5. Conclusions

GTIAs represent a rare and uniquely complex subset of cerebrovascular disease char-
acterized by challenging anatomy, evolving pathophysiology, heterogeneous clinical pre-
sentation, and substantial treatment-related risk. This systematic review of 101 studies
encompassing 536 patients highlights the marked heterogeneity in presentation, man-
agement strategies, and outcome reporting across the existing literature. The literature
demonstrates considerable variability in treatment approaches. The general trend observed
may suggest that multimodal and hybrid approaches are favored, reflecting the limita-
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tions of isolated microsurgical or endovascular techniques when faced with extensive
intraluminal thrombus, mass effect, and branch vessel involvement [37-41].

However, the predominance of retrospective case series, coupled with inconsistent and
incomplete outcome reporting, prevents definitive conclusions from being drawn regarding
the superiority of any single treatment modality. This limitation restricts the ability to
quantify true risks, assess durability, or perform meaningful comparative analyses between
treatment strategies. Future research efforts should prioritize multicenter collaboration,
standardized reporting of aneurysm characteristics and outcomes, and the consistent use
of validated functional outcome measures with long-term follow-up. Until such data are
available, management of giant thrombosed intracranial aneurysms should remain individ-
ualized, multidisciplinary, and tailored to patient-specific anatomy, symptomatology, and
institutional expertise.

Supplementary Materials: The following supporting information can be downloaded at:
https:/ /www.mdpi.com/article/10.3390/jvd5040030/s1. Table S1: PRISMA 2020 checklist.
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