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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.

Appendix
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