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Contemporary adverse event profile of microsurgery
for intracranial unruptured aneurysms in high-volume
microsurgical centers: the international PRAEMIUM
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OBJECTIVE Objective values on procedural risk are essential to facilitate informed consent and optimize clinical decision-
making in patients with unruptured intracranial aneurysms (UlAs). While robust heuristics, such as the PHASES (popula-
tion, hypertension, age, size of aneurysm, earlier subarachnoid hemorrhage, and site of aneurysm) score, are established
for predicting rupture risk, contemporary and granular benchmarks for procedural safety remain scarce. The multinational
Prediction of Adverse Events After Microsurgery for Intracranial Unruptured Aneurysms (PRAEMIUM) study aims to com-
prehensively characterize contemporary adverse event rates following microsurgical treatment at high-volume expert cen-
ters, stratified by aneurysm location, morphology, and complexity factors to better inform individual risk/benefit analyses.

METHODS A cohort study among 20 participating expert centers from 9 countries was established. Patients treated
microsurgically for UlAs were included. The authors describe the epidemiology of treated patients and UIAs and a com-
prehensive adverse event profile using 3 outcomes measured at hospital discharge: 1) poor neurological outcome (modi-
fied Rankin Scale score = 3), 2) new sensorimotor neurological deficits, and 3) all-cause adverse events (Clavien-Dindo
grade = 1). Subgroup reports were given for aneurysm location, morphology, and complexity factors (prior aneurysm

ABBREVIATIONS ACA = anterior cerebral artery; ACom = anterior communicating artery; CDG = Clavien-Dindo grade; ICA = internal carotid artery; MCA = middle cerebral
artery; mRS = modified Rankin Scale; PCom = posterior communicating artery; PHASES = population, hypertension, age, size of aneurysm, earlier subarachnoid hemor-
rhage, site of aneurysm; SAH = subarachnoid hemorrhage; UIA = unruptured intracranial aneurysm.
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treatment, calcifications, complex angioanatomy involving critical branch vessels or perforators, and thrombosis). The
authors purposely chose discharge as the time point to capture early postoperative risks and complications in patients
with asymptomatic UlAs, for whom preserving neurological function is paramount.

RESULTS The cohort included 3705 patients (mean age 56 [SD 12] years, 28% male). Overall, at discharge 13.9% of
patients (95% Cl 12.8%-15.0%) had poor neurological functional outcomes, 14.4% (95% CI 13.3%—15.5%) had new sen-
sorimotor deficits, and 24.1% (95% Cl 22.8%-25.5%) experienced all-cause adverse events. Poor neurological outcomes
ranged from 8.5% (M1 aneurysms) to 37.4% (posterior circulation aneurysms), neurological deficits from 9.3% (distal
anterior cerebral artery [ACA] aneurysms) to 34.2% (posterior circulation aneurysms), and all-cause adverse events from
21.2% (distal ACA aneurysms) to 31.3% (posterior circulation aneurysms). Dissecting and fusiform aneurysms showed
notably high rates of poor neurological outcomes (22.0%-33.3%), new deficits (25.4%—-26.7%), and adverse events
(26.7%-37.0%). Complexity factors significantly influenced outcomes, with prior treatment (22.9%, 19.7%, and 30.1%),
calcification (16.3%, 18.1%, and 30.5%), complex angioanatomy (13.1%, 15.9%, and 26.9%), and thrombosis (19.6%,
23.9%, and 39.6%) notably increasing the risks for poor neurological outcomes, deficits, and adverse events, respectively.
CONCLUSIONS This large international cohort provides contemporary benchmarks for microsurgical treatment of
UIAs, emphasizing variability in outcomes based on aneurysm location, morphology, and complexity. The presented
granular and quotable adverse event rates support informed patient counseling and individualized risk/benefit assess-

ments in comparable high-volume centers.

https://thejns.org/doi/abs/10.3171/2025.9.FOCUS25723
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aneurysms (UIAs) has increased markedly over the

past decade, primarily due to improved accessibil-
ity and use of intracranial imaging techniques, such as CT
angiography and MR angiography.! Consequently, several
refinements in the preventive treatment of these UIAs have
occurred, especially regarding endovascular techniques,
which have greatly increased in use since the International
Subarachnoid Aneurysm Trial, as well as improvements in
microsurgical techniques, including the regular use of in-
traoperative neuromonitoring.>? Through the study of an-
eurysm epidemiology, we have identified key risk factors
that have driven the development and validation of scoring
systems for rupture risk, such as the PHASES (population,
hypertension, age, size of aneurysm, earlier subarachnoid
hemorrhage [SAH], and site of aneurysm) score.* Such
tools help clinicians more objectively assess the likelihood
of rupture and the necessity of treatment, leading to better
patient counseling through a more refined benefit analysis
of preventive treatment.’

However, the decision to preventively treat UIAs re-
quires not only a solid assessment of their expected natural
history, and thus the potential benefit of treatment, but also
a careful consideration of the risks inherent to each treat-
ment option. As previously noted, a significant volume of
research has focused on predicting the natural history of
UIAs, while historically, there has been less interest and
effort directed at understanding the inherent risks of treat-
ment.*® Recent studies have focused more on treatment
results in terms of long-term occlusion rates (treatment ef-
ficacy) rather than on the risks of treatment (safety).” While
numerous published cohort studies and case series have
historically documented the adverse events following mi-
crosurgical treatment of UIAs, these reports have become
less frequent over the past decade.®-'” This is significant be-
cause, since the 2010s, there has been a shift in the types of
UIAs being treated microsurgically versus endovascularly,
alongside continuous improvements in open neurosurgical
techniques.'®! Additionally, due to the rapid evolution of
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treatment methods over the past decade, the risks associ-
ated with these treatments have undoubtedly changed.
Evidence indicates that case volume per surgeon and
center is crucial, and that microsurgical treatment in the
hands of experienced neurosurgeons is both a safe and
highly effective technique for selected aneurysms and
should not be performed by low-volume centers.>!320-22
The Prediction of Adverse Events After Microsurgery For
Intracranial Unruptured Aneurysms (PRAEMIUM) study
is an international effort aimed at better characterizing the
adverse event profiles of microsurgical treatment among a
group of expert centers that treat a high volume of UIAs
annually using microsurgical techniques. This multina-
tional effort aims to report adverse event rates both over-
all and stratified by aneurysm location, morphology, and
markers of microsurgical complexity, with the ultimate
goal of closing the knowledge gap on the contemporary
risk profile of microsurgical treatment for these lesions.

Methods

Overview

Our international consortium (the PRAEMIUM study)
was queried, providing a representative sample of patients
who underwent microsurgical treatment for UIAs. This
study adhered to the STROBE checklist,”* and was reg-
istered with the ClinicalTrials.gov database (http:/clini-
caltrials.gov; registration no.: NCT04819074). The use of
patient data for research purposes was approved by each
local IRB, and patients provided informed consent or in-
formed consent was waived, depending on the demands of
the local IRB.

Inclusion and Exclusion Criteria

We included patients who underwent microsurgi-
cal procedures for UTAs from January 1, 2010, forward.
These patients were included to represent the contempo-
rary treatment paradigm in the last 10—15 years. Patients
undergoing endovascular treatment were excluded, except


http://clinicaltrials.gov
http://clinicaltrials.gov

those patients who underwent microsurgery specifically
for a previously endovascularly treated aneurysm. Patients
with a history of SAH who were undergoing microsurgi-
cal treatment of an unruptured, different aneurysm were
included, but only if microsurgery was performed more
than 1 month after ictus. Only microvascular centers with
a high caseload (at least 100 UIAs treated microsurgically
since January 1, 2010) were included.

Data Collection and Endpoints

We collected data from participating centers, constitut-
ing a mix of prospective and retrospective data. A broad
range of preoperative demographic, morphological, ana-
tomical, and surgical complexity data were collected on
each patient and their aneurysms. Concerning adverse
events, 3 endpoints were defined to comprehensively cap-
ture surgical risk: 1) neurological outcome, with a favor-
able result defined as modified Rankin Scale (mRS) score
0-2;** 2) new sensorimotor neurological deficits; and 3)
all-cause adverse events, defined as any event with a Cla-
vien-Dindo grade (CDG) = 1, with only the highest grade
event per patient considered, including both surgery- and
nonsurgery-related complications.>>?® These outcomes
were all measured at hospital discharge (from the hospital
stay in which index microsurgery was performed).

For patients with multiple aneurysms treated in a sin-
gle surgical session, 1 set of discharge endpoints was re-
corded, based solely on the aneurysms that were treated.
Morphological characteristics were attributed to the most
complex treated aneurysm. If multiple aneurysms were
treated across separate surgical sessions, endpoints were
assessed independently at each hospital discharge.

Statistical Analysis

Continuous data are reported as means and standard
deviations, and categorical data as values and percentages.
All analyses were performed in R (version 4.4.2, The R
Foundation for Statistical Computing).?” Descriptive mea-
sures focusing on the 3 main outcomes (neurological func-
tional outcome at discharge, new sensorimotor neurologi-
cal deficits at discharge, and all-cause adverse events at
discharge) were provided as unadjusted proportions, along
with 95% Cls of the proportion calculated using Wald
(normal-approximation) intervals. Subgroup analyses for
anatomical localization, morphology, and surgical com-
plexity factors were conducted. Stratified Cleveland dot-
and-whisker plots are also provided.

Results
Patient Cohort

From a total of 20 centers, data on 3705 patients were
available, with a mean age of 56 (SD 12) years that in-
cluded 1049 (28%) male patients. Detailed demographics
as well as patient and aneurysm data are provided in Table
1. Most aneurysms were middle cerebral artery (MCA)
bifurcation or distal aneurysms (n = 1903 patients, 51%).
The second most common localization was the proximal
anterior cerebral artery (ACA) or anterior communicating
artery (ACom; n = 673 patients, 18%). The vast majority
of aneurysms had a saccular morphology (n = 3506 pa-

TABLE 1. Baseline and follow-up characteristics over the entire

PRAEMIUM cohort
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Parameter Overall
No. of patients, n (%) 3705 (100)
Mean age (SD), yrs 56.21 (11.56)
Males, n (%) 1049 (28.3)
mRS score at admission, n (%)
0 2161 (58.3)
1 977 (26.4)
2 361 (9.7)
3 144 (3.9)
4 41(1.1)
5 10 (0.3)
Missing 11(0.3)
mRS score at discharge, n (%)
0 1850 (49.9)
1 855 (23.1)
2 480 (13.0)
3 357 (9.6)
4 118 (3.2)
5 29(0.8)
6 10 (0.3)
Missing 6(0.2)
Arterial hypertension, n (%) 2071 (55.9)
Anticoagulation/antiplatelet therapy, n (%) 887 (23.9)
Missing 1(0.0)
ASA Scale score, n (%)
1 646 (17.4)
2 1531 (41.3)
3 1190 (32.1)
4 148 (4.0)
5 1(0.0)
Missing 189 (5.1)
Prior SAH, n (%) 474 (12.8)
Mean total no. of aneurysms (SD) 1.68 (1.11)
Multiple aneurysms treated during session, n (%) 738 (19.9)
Missing 3(01)
Mean max aneurysm diameter (SD), mm 7.05 (4.88)
Anatomical location, n (%)
Paraophthalmic ICA 316 (8.5)
ICA, PCom 261 (7.0)
ICA, other 323 (8.7)
ACA, proximal & ACom 673 (18.2)
ACA, distal 151 (4.1)
MCA, M1 130 (3.5)
MCA, bifurcation & distal 1903 (51.4)
Posterior circulation 115 (3.1)
Other location 53 (1.4)
Calcification of wall or neck, n (%) 410 (11.1)
Missing 235 (6.3)
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TABLE 1. Baseline and follow-up characteristics over the entire
PRAEMIUM cohort

Parameter Overall

Aneurysm morphology, n (%)

Saccular 3506 (94.6)
Dissecting 15(0.4)
Fusiform 127 (3.4)
Other 54 (1.5)
Missing 3(0.1)
Involvement of critical perforating or branch ves- 1240 (33.5)
sels, n (%)
Missing 11(0.3)
Intraluminal thrombosis, n (%) 331(8.9)
Missing 181 (4.9)
Prior aneurysm treatment, n (%) 319 (8.6)
Missing 1(0.0)
Bypass necessary, n (%) 88 (2.4)
Missing 1(0.0)
Mean PHASES score (SD) 4.95 (3.03)
Mean ELAPSS score (SD) 15.55 (7.68)
Mean UIATS for treatment (SD) 11.67 (4.53)
Mean UIATS for conservative management (SD) 9.71 (2.79)
New sensorimotor neurological deficit, n (%) 534 (14.4)
Missing 1(0.0)
Poor neurological outcome, n (%)* 514 (13.9)
Missing 6(0.2)
All-cause adverse events, n (%)t 894 (24.1)
Missing 1(0.0)

ASA = American Society of Anesthesiologists; ELAPSS = earlier SAH, location
of aneurysm, age, population, size of aneurysm, shape of aneurysm; UIATS =
Unruptured Intracranial Aneurysm Treatment Score.

*mRS score 2 3.

tCDG=1.

tients, 95%). More than 1 aneurysm was treated in a single
session in 738 patients (20%), and prior treatment was re-
corded for 319 aneurysms (8.6%).

Poor Neurological Outcome at Discharge

Figure 1 provides a stratified overview of poor neuro-
logical outcome (mRS score = 3) rates in different sub-
populations. Overall, 5.3% (95% CI 4.6%—6.0%, n = 195)
of patients at admission and 13.9% (95% CI 12.8%—-15.0%,
n = 514) at discharge had an mRS score = 3. Figures 2
(anatomical location) and 3 (morphology and complex-
ity) provide Grotta bar charts showing the change in mRS
scores from admission to discharge for each subcategory.

In terms of anatomical localization, the lowest rates
were seen for M1 aneurysms (8.5%, 95% CI 3.7%-13.3%),
distal ACA aneurysms (11.3%, 95% CI 6.2%-16.3%),
and MCA bifurcation or distal aneurysms (11.4%, 95%
CI 9.9%-12.8%). The highest rates of poor neurological
outcome were noted for posterior circulation aneurysms
(37.4%, 95% CI 28.5%—-46.2%) and posterior communi-
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cating artery (PCom) aneurysms (18.5%, 95% CI 13.8%—
23.2%).

Regarding aneurysm morphology, dissecting (33.3%,
95% CI 9.5%—-57.2%) and fusiform (22%, 95% CI 14.8%—
29.3%) morphologies carried a higher rate of poor neuro-
logical outcome.

While aneurysms with complex angioanatomy (i.e.,
involvement of perforators or critical branch vessels) did
not exhibit higher rates of poor outcome (13.1%, 95% CI
11.2%-15.0%), all other markers of complexity did. This
was true for previously treated aneurysms (22.9%, 95%
CI 18.3%-27.5%), calcified aneurysms (16.3%, 95% CI
12.8%-19.9%), and thrombosed aneurysms (19.6%, 95%
CI 15.4-23.9%).

New Sensorimotor Neurological Deficits at Discharge

Figure 4 provides a stratified overview of new neurolog-
ical deficit rates at discharge, in different subpopulations.
Overall, we observed a 14.4% (95% CI 13.3%—15.5%,n =
534 patients) rate of sensorimotor neurological deficits at
discharge.

Again, MCA aneurysms—both M1 (13.8%, 95% CI
79%—-19.8%) and bifurcation/distal aneurysms (12.0%,
95% CI 10.6%—13.5%)—as well as distal ACA aneurysms
(9.3%, 95% CI 4.6%-13.9%) exhibited the lowest rates of
new sensorimotor deficits at discharge. Posterior circula-
tion aneurysms (34.2%, 95% CI 25.5%—-42.9%) as well
as PCom aneurysms (19.2%, 95% CI 14.4%-23.9%) had
somewhat increased rates. Dissecting (26.7%, 95% CI
4.3%—-49.0%) and fusiform (25.4%, 95% CI 17.8%-33.0%)
aneurysms again had markedly increased rates of new
deficits at discharge.

All markers of complexity led to somewhat increased
neurological deficits: prior treatment (19.7%, 95% CI
15.4%-24.1%), calcification (18.1%,95% CI 14.4%-21.8%),
complex angioanatomy (15.9%, 95% CI 13.9%—-17.9%), as
well as thrombosis (23.9%, 95% CI 19.3%-28.5%).

All-Cause Adverse Events up to Discharge

Figure 5 reports stratified results for all-cause ad-
verse events (CDG = 1). A total of 894 patients (24.1%,
95% CI 22.8%-25.5%) experienced adverse events up to
discharge. Regarding localization, there was a decreased
variance in adverse event rates compared to neurological
function and deficits; however, slightly increased rates of
all-cause adverse events were observed for posterior circu-
lation (31.3%, 95% CI 22.8%-39.8%) and proximal ACA/
ACom aneurysms (27.8%, 95% CI 24.4%-31.2%).

Regarding morphology, both saccular (23.6%, 95% CI
22.2%-25.0%) and dissecting aneurysms (26.7%, 95% CI
4.3%—-49.0%) exhibited rates close to the average rate, but
fusiform aneurysms (37.0%, 95% CI 28.6%—45.4%) were
associated with an importantly higher number of adverse
events. In terms of complexity, thrombosed aneurysms
carried a relevantly higher rate of all-cause adverse events
(39.6%, 95% CI 34.3%—44.8%).

Discussion

In our international multicenter consortium among
expert open microsurgical centers, we provide evidence-
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FIG. 1. Cleveland dot-and-whisker plot showing the proportion of patients with poor neurological functional outcome (mRS score =
3) at discharge. Stratifications for important subgroups are provided. On the right, the proportions are given with Wald 95% Cls.

based risk profiles for various strata of UIAs, emphasizing
the significance of aneurysm location, morphology, and
complexity in clinical outcomes. Anatomical localization
emerged as an important factor influencing neurological
outcomes and postoperative deficits, underscoring its rel-
evance in surgical decision-making. Regarding aneurysm
morphology, dissecting, fusiform, and saccular aneurysms
exhibited distinct risk profiles, with dissecting and fusi-
form types consistently linked to poorer neurological out-
comes and higher rates of new deficits. Additionally, com-
plexity markers—including previously treated aneurysms,
calcifications, thrombosis, and complex angioanatomy—
were associated with increased risks of adverse outcomes.
These findings highlight the critical role of aneurysm-
specific characteristics in risk stratification, facilitating
informed surgical decision-making in the microsurgical
management of UIAs.

Establishing benchmarks for informed and objective
risk stratification is important for any surgical procedure,
irrespective of the procedure’s magnitude.® Traditionally,

case series by experts in the field or data from large pro-
spective studies are relied upon, and their values are quot-
ed during consultations when informing patients about
expected benefits and risks. However, these values often
lack granularity and do not account for the significant
variability in patient and disease characteristics, neither
in surgeon nor center experience. Consequently, recent de-
cades have seen an evolution toward more individualized
risk assessment, either by stratifying patients into relevant
subgroups based on specific characteristics, or through
model-based approaches such as machine learning tech-
niques, to provide more precise and individualized risk
predictions.'®2®

While machine learning—based outcome prediction
can be a powerful tool, its philosophy differs distinctly
from quoting evidence-based values derived from large
cohorts. Clinical prediction models suitable for daily clin-
ical practice are rigorously validated to ensure they meet
standards in terms of calibration and discrimination for
which they were trained, even when applied to new popu-
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FIG. 2. Grotta bar charts show the evolution of MRS subscores from admission (preop) to discharge for the different anatomical
locations of the UlAs. Values within the bars are shown as percentages. Stratified numbers are given for each subcategory of

anatomical localization.

lations.” Developing such clinical prediction models for
adverse events is a core objective of the PRAEMIUM
consortium. Nevertheless, using clinical prediction mod-
els in practice involves a challenge that is only partially
resolved: implementation requires neurosurgeons to enter
numerous scores and measurements into a web application
to calculate individualized risks. The practical burden of
this implementation should not be underestimated.**!
Moreover, the philosophies of prediction (model-based
approaches) and inference (descriptive heuristics from co-
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horts) are fundamentally different: the former philosophy
introduces an additional layer of bias—the model itself—
with the “thickness” of this layer increasing alongside
model complexity, aiming to achieve individually targeted
predictions.?>** In contrast, the latter philosophy involves
a simpler, more direct inferential averaging of risks across
defined patient subgroups. While both approaches are
evidence-based due to validation, citing a published risk
directly is often more tangible for patients and clinicians
alike. Therefore, we highly value heuristic approaches, as
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FIG. 4. Cleveland dot-and-whisker plot showing the proportion of patients with any new sensorimotor neurological deficit at dis-
charge. Stratifications for important subgroups are provided. On the right, the proportions are given with Wald 95% Cls.

presented in this analysis, offering direct, clearly “quot-
able” figures for the critical subgroups of aneurysm local-
ization, morphology, and complexity markers relevant to
microsurgical treatment.

In this study, we present such heuristics focused on ad-
verse events with a considerable granularity, enabling neu-
rosurgeons to rely on evidence-based but still relatively tai-
lored risk profiles for their patients, all without relying on
model-based approaches with the abovementioned added
layers of biases. Access to such information is crucial when
discussing the decision of whether to preventively treat
UIAs. Tools such as the PHASES score are robust in strati-
fying risk of rupture, but it is difficult to obtain figures of op-
erative risk in specific subgroups. Because both sides of the
risk/benefit equation are equally relevant, and considering
that the spectrum and frequency of microsurgically treated
UIAs has evolved significantly throughout the past two de-
cades, our objective was to report results in a stratified and
direct way from an international and diverse consortium
of high-volume microvascular centers of excellence. For
example, we decidedly did not report model-adjusted rates
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(i.e., adverse events rates for different anatomical localiza-
tions that are normalized for complexity and morphology)
but instead report directly citable, unadjusted (crude) group
averages. We also decided to stratify risks according to the
3 factors (anatomy, morphology, and complexity) deemed
most relevant in discussion within multidisciplinary team
meetings or patient conversations regarding risk.

Notably, our reported rates are measured at discharge.
This timing ensured data completeness, as measuring ad-
verse events at discharge is the most accurate method in
multicenter studies, although this time point incurs much
higher rates of adverse events than at follow-up, because
most deficits recover.>3*3 Yet, any new deficit in patients
with UIAs is especially serious, as these patients are pro-
phylactically treated, in a usually perfect functional state,
to prevent future risk for SAH and catastrophic neurologi-
cal decline or death. The rates for our 3 outcomes compare
with those reported in the literature, although it is hard
to find comparable subgroups, especially for more rare
subsets of aneurysms or when investigating microsurgi-
cal complexity factors.'*34-40 Additionally, the definition of
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FIG. 5. Cleveland dot-and-whisker plot showing the proportion of patients with any (all-cause) adverse event, according to Clavien-
Dindo grading of surgical complications. Any patient with a CDG = 1 (i.e., any deviation from the normal postoperative course)
was considered as having experienced an adverse event. Stratifications for important subgroups are provided. On the right, the

proportions are given with Wald 95% Cls.

what specifically constitutes an adverse event has an obvi-
ous massive influence on its detection rate. In our study,
we applied the validated Clavien-Dindo grading, which
considers “any deviation from the normal postoperative
course” as an adverse event of CDG grade > 1, including
electrolyte disturbances, delirium, or nonsurgery-related
infections such as urinary tract infections.?>2¢

Finally, the cohort itself represents the largest cohort
of microsurgical UIA data with granular adverse event
data and includes 20 different centers, ensuring general-
izability among similar centers. The inclusion of refer-
ence centers for complex vascular surgery involves other
relevant consequences to be considered. First, there is a
certain international and institutional variation in practice
(from decision-making to surgical approach and postop-
erative regimens), which is well-represented in our multi-
center cohort. The represented heterogeneity is important
for generalizability. Second, the inclusion of referral cen-
ters also means an overrepresentation of complex cases.

And third, the cohort represents the patient selection and
current practice within the 2nd decade of the 21st century
with a strong endovascular presence.

The consequences of including reference centers for
complex vascular surgery are reflected within the data:
MCA bifurcation aneurysms did not have a significantly
lower rate of adverse events as might be expected, likely
because the spectrum of MCA bifurcation aneurysms treat-
ed microsurgically in the participating centers included a
high proportion of more complex aneurysms. Conversely,
paraophthalmic internal carotid artery (ICA) aneurysms
did not exhibit a much higher rate of adverse events, prob-
ably because of careful patient selection in microsurgically
eligible versus endovascularly treated patients.

Limitations of the Study

Our analysis has several limitations. First, the dataset
comprises a combination of prospectively and retrospec-
tively gathered information, potentially introducing bias
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related to the data collection methods. Additionally, the
included patients originate exclusively from experienced
microsurgical centers in Europe, North America, and Aus-
tralia, all of which maintain a high and consistent annual
caseload of UIA clip procedures. This selection inherently
restricts the generalizability of our findings to settings with
similar expertise and surgical volume. We intentionally re-
ported unadjusted averages instead of using model-adjust-
ed rates, which would normalize outcomes for complexity
or aneurysm morphology. While this approach allows for
straightforward, quotable values, it may not fully account
for the nuanced variability inherent in individual aneu-
rysm characteristics and clinical scenarios. Manual data
entry and expert-dependent classification introduce addi-
tional variability. Subjective assessments, such as differen-
tiating calcified from noncalcified aneurysms, and manual
measurements like aneurysm dimensions, are subject to
interrater discrepancies. This limitation also applies to
morphological classifications (i.e., fusiform aneurysms),
which can be rater-dependent. Although our definitions
for both aneurysm characteristics and clinical endpoints
were standardized, the absence of standardized intraop-
erative procedures across centers—such as electrophysi-
ological monitoring or fluorescence video angiography—
could further impact data consistency and interpretation.
Our cohort predominantly consisted of patients with more
frequently encountered aneurysm types, particularly those
located at the MCA or ACom. Complex aneurysms in-
volving the posterior circulation and procedures requiring
trapping with bypass surgery were underrepresented, lim-
iting the applicability of our results to these specific patient
subgroups. Finally, the clinical endpoints reported reflect
patient status at discharge. While neurological deficits and
clinical outcomes may improve considerably in the long
term, we deliberately selected discharge status to capture
immediate postoperative risks and complications relevant
for patients with asymptomatic UIAs, with the same goal
of maintaining neurological function in these patients.

Conclusions

In this large international multicenter cohort, we pro-
vide contemporary benchmarks for microsurgical treat-
ment of UIAs, detailing outcomes with granular data on
all-cause adverse events, neurological deficits, and func-
tional outcomes at discharge. Our findings underscore that
microsurgical treatment remains highly effective and gen-
erally safe in experienced, high-volume centers, but also
highlight significant variability in surgical risks depending
on aneurysm location, morphology, and complexity. The
detailed subgroup analyses presented here offer neurosur-
geons evidence-based, quotable values that are directly
applicable for patient counseling and multidisciplinary
decision-making. These insights are particularly valuable
for refining individual risk assessments and supporting in-
formed clinical decisions regarding preventive microsur-
gical treatment of UIAs in asymptomatic patients.
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