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Abstract
Background

Shunt-dependent hydrocephalus after aneurysmal subarachnoid hemorrhage increases long-term
morbidity. This study evaluated the association between lamina terminalis fenestration (LTF) during
microsurgical clipping of ruptured anterior circulation aneurysms and shunt-dependent chronic
hydrocephalus.

Methods

Patients who underwent craniotomy and microsurgical clipping between January 2016 and February 2023
were retrospectively reviewed. Patients who died within 14 days were excluded because of substantial
comorbidity, coagulation disorders, multiorgan failure, or high mortality. Patients were grouped according to
LTF status. The primary outcome was permanent ventriculoperitoneal shunt placement. The risk difference
(RD), relative risk (RR), and odds ratio (OR) were calculated. Logistic regression models adjusted for
aneurysm location and expanded exploratory models were constructed. The sensitivity analyses included
patients with anterior communicating artery (ACom) aneurysms and survivors.

Results

Among the 138 patients, 48 (34.8%) underwent LTF, and 19 (13.8%) developed shunt-dependent
hydrocephalus. The shunt rates were 16.7% (8/48) with LTF and 12.2% (11/90) without LTF (RD, 4.4
percentage points; 95% Cl, - 8.1-17.0; RR=1.36; 95% CI, 0.59-3.16; OR = 1.44; 95% Cl, 0.54-3.85; p =
0.605). ACom aneurysms constituted 87.5% and 15.6% of the cases in the LTF and non-LTF groups,
respectively (p < 0.001). LTF remained nonsignificant after adjustment for ACom location (OR = 0.68; 95% ClI,
0.18-2.56; p = 0.569) and in the expanded model (OR = 0.76; 95% CI, 0.20-2.95; p = 0.690). Sensitivity
analyses were also nonsignificant for ACom aneurysms (RR =0.58; 95% CI, 0.20-1.70; p = 0.439) and
survivors (RR=1.31;95% Cl, 0.47-3.68; p = 0.751).

Conclusion

No significant association was found between LTF and shunt dependency. Limited events, wide confidence
intervals, strong anatomical selection bias, and exclusion of early deaths limit certainty; therefore, these
findings indicate that an independent association could not be established rather than conclusively
demonstrating ineffectiveness.

Introduction

Aneurysmal subarachnoid hemorrhage (aSAH) is a severe cerebrovascular condition associated with high
mortality and a substantial risk of permanent neurological disability. Despite advances in diagnostic
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techniques, aneurysm treatment, and neurocritical care, aSAH remains an important cause of morbidity and
mortality [1, 2].

Although aneurysm rupture most commonly results in bleeding into the subarachnoid space,
intraventricular, intraparenchymal, or subdural hemorrhage may also occur. Increased intracranial pressure,
early brain injury, rebleeding, vasospasm, delayed cerebral ischemia, and hydrocephalus are among the
major complications that determine the clinical course after hemorrhage [1, 3]. Hydrocephalus may cause
impaired consciousness and increased intracranial pressure during the acute phase, whereas chronic
hydrocephalus may require permanent cerebrospinal fluid diversion.

Blood products within the subarachnoid and intraventricular spaces may cause mechanical obstruction of
cerebrospinal fluid pathways and impair absorption through the arachnoid granulations [4-6]. External
ventricular drainage (EVD) may be used for temporary cerebrospinal fluid diversion in patients who develop
acute symptomatic hydrocephalus. However, some patients cannot be successfully weaned from EVD or
subsequently develop chronic hydrocephalus requiring permanent ventriculoperitoneal shunt placement [3,
7].

Shunt-dependent hydrocephalus is an important complication that may prolong hospitalization, delay
functional recovery, and lead to repeated surgical interventions. Although ventriculoperitoneal shunting is
effective in treating symptomatic chronic hydrocephalus, it carries risks such as infection, obstruction,
overdrainage, and the need for revision surgery [7]. A poor clinical grade, a high subarachnoid or
intraventricular blood burden, acute hydrocephalus, and the need for EVD are among the factors most
frequently associated with shunt dependency [8].

The lamina terminalis is a thin anatomical structure that forms the anterior wall of the third ventricle. When
opened microsurgically, it may provide an alternative pathway for cerebrospinal fluid flow between the
ventricular system and the basal cisterns [9]. On this anatomical basis, lamina terminalis fenestration (LTF)
has been proposed as a means of facilitating cerebrospinal fluid circulation and reducing the risk of chronic
hydrocephalus and permanent shunt dependency. Although an early single-center study reported findings
favoring LTF [10], subsequent cohort studies and a systematic review failed to demonstrate a consistent
reduction in shunt requirements [11, 12]. Studies evaluating combined fenestration techniques and more
recent patient series have also yielded heterogeneous results [13, 14].

The primary objective of this study was to evaluate the association between LTF and shunt-dependent
hydrocephalus requiring permanent ventriculoperitoneal shunt placement during follow-up in patients who
underwent microsurgical clipping for ruptured anterior circulation aneurysms. As a secondary objective, the
potential confounding effect of aneurysm location was examined via sequential logistic regression models.
The robustness of the findings was further assessed through sensitivity analyses restricted to patients with
anterior communicating artery (ACom) aneurysms and those who survived during follow-up.

Methods
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This single-center retrospective cohort study evaluated patients who underwent microsurgical treatment for
ruptured anterior circulation aneurysms at the Department of Neurosurgery, Cukurova University Faculty of
Medicine, between January 2016 and February 2023. The study was conducted in accordance with the
principles of the Declaration of Helsinki following approval by the Ethics Committee of Cukurova University
Faculty of Medicine, Balcali Hospital (April 7, 2023; approval no. 132/2).

Patients who presented with a first episode of aneurysmal subarachnoid hemorrhage during the study
period and underwent craniotomy and microsurgical clipping of an anterior circulation aneurysm were
included. The exclusion criteria were nonaneurysmal subarachnoid hemorrhage, another type of
cerebrovascular event, and the absence of microsurgical treatment. Patients who died within the first 14
days after subarachnoid hemorrhage were excluded from the study because of their substantial
comorbidity burden, presence of coagulation disorders, development of multiorgan failure, and overall high
total mortality rate. Eligible patients were assigned to the LTF or control group according to whether LTF
was performed during aneurysm clipping.

Demographic, clinical, laboratory, radiological, and surgical data were obtained from the hospital
information management system (Enlil HBYS—Mergentech), medical records, operative reports, intensive
care and outpatient records, and archived imaging studies. Post-discharge information was supplemented
via institutional records and the Turkish Ministry of Health's e-Nabiz personal health record system. The
recorded variables included age, sex, aneurysm location, World Federation of Neurosurgical Societies
(WFNS) and Hunt-Hess grades, modified Fisher and Barrow Neurological Institute (BNI) grades, modified
Graeb score, acute hydrocephalus, external ventricular drainage, intraparenchymal hemorrhage,
symptomatic vasospasm, delayed cerebral ischemia, meningitis, mortality during follow-up, and
ventriculoperitoneal shunt placement. Noncontrast brain computed tomography (CT) scans obtained at
admission were retrospectively assessed for subarachnoid and intraventricular blood burden and
hydrocephalus. Subarachnoid blood burden was evaluated via the modified Fisher and BNI grading
systems. The BNI grade was assigned on a scale of 1-5 by measuring the maximum thickness of blood
within a cistern or fissure on axial CT images, perpendicular to the long axis of the corresponding
anatomical structure.

The intraventricular hemorrhage burden was assessed via the modified Graeb score. The amount of blood
and accompanying ventricular enlargement in the third and fourth ventricles, lateral ventricles, and occipital
and temporal horns were scored separately. The total score ranges from 0 to 32, with higher scores
indicating a greater intraventricular blood burden [15]. The modified Graeb score was analyzed as a
continuous variable without categorization.

The diagnosis of hydrocephalus was based on clinical findings together with evidence of ventricular
enlargement on serial CT examinations. An Evans index > 0.30, enlargement of the temporal horns,
periventricular edema, prominence of the frontal horns, and effacement of the cortical sulci were
considered supportive radiological findings.

All patients underwent microsurgical aneurysm clipping via craniotomy. In patients who underwent LTF, the
lamina terminalis was dissected and exposed after aneurysm clipping. A 6—7-mm opening was created in
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its avascular midline portion via a sharp microsurgical instrument or the tip of bipolar forceps, thereby
opening the anterior wall of the third ventricle. Successful fenestration was confirmed by observing
cerebrospinal fluid flow from the third ventricle. The decision to perform LTF was based on the surgeon’s
intraoperative assessment, the available surgical exposure, and the anatomical location of the aneurysm.
Whether LTF had been performed was verified from the operative reports. For surviving patients, clinical and
radiological records available through the hospital information system, outpatient records, and e-Nabiz
were reviewed for a minimum of six months. Patients who died after the 14th day were followed until the
date of death.

Ventricular enlargement detected within the first 72 hours after subarachnoid hemorrhage was classified as
acute hydrocephalus, whereas hydrocephalus persisting beyond or newly developing after day 14 was
classified as chronic hydrocephalus. The decision to perform EVD was made by the treating surgical team
on the basis of the patient’s neurological condition, ventricular enlargement, and evidence of increased
intracranial pressure. Shunt-dependent chronic hydrocephalus was defined as the placement of a
permanent ventriculoperitoneal shunt during follow-up because of clinically and radiologically confirmed
hydrocephalus. Neurological deterioration not attributable to an alternative cause, accompanied by
ventricular enlargement, and failure of EVD weaning or clamping trials were the principal criteria considered
when assessing the need for shunt placement. Radiological ventriculomegaly without corresponding
clinical findings and without shunt placement was classified as asymptomatic hydrocephalus.

Study Outcomes

The primary outcome was the development of shunt-dependent chronic hydrocephalus during follow-up
among patients who did and did not undergo LTF. The primary analysis evaluated the unadjusted
association between LTF and shunt-dependent hydrocephalus. To account for the marked influence of
aneurysm anatomy on the decision to perform LTF, the aneurysm location was additionally categorized as
the anterior communicating artery (ACom) or other anterior circulation locations. An analysis restricted to
patients with ACom aneurysms was conducted as an anatomical sensitivity analysis. To assess the
potential influence of deaths during follow-up on the outcome, a second sensitivity analysis was performed
after excluding patients whose data were recorded as deceased.

Statistical analysis

Categorical variables are presented as numbers and percentages, whereas continuous variables are
summarized as the meanststandard deviations or medians (interquartile ranges) according to their
distributions. Normality was assessed via the Shapiro—Wilk test. Continuous variables were compared
between the LTF groups via Welch's independent-samples t test or the Mann—Whitney U test, as
appropriate. Categorical variables were compared via Pearson’s chi-square test or Fisher's exact test. Rank-
biserial correlation was calculated as the effect size for the Mann—-Whitney U test. The overall distribution
of aneurysm locations and the targeted comparisons between ACom and other anterior circulation
locations were evaluated via Fisher’s exact test.
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In the primary analysis, the rates of shunt-dependent hydrocephalus in the LTF and non-LTF groups were
compared via Fisher's exact test. Effect estimates are reported as the absolute risk difference, relative risk,
and odds ratio, together with their corresponding 95% confidence intervals.

Three logistic regression models were constructed with shunt-dependent hydrocephalus as the dependent
variable. The first model included LTF alone. The second model included LTF and ACom locations, whereas
the third model included age, sex, and the dichotomized modified Fisher grade (1-2 vs. 3—-4). Because only
19 shunt events were observed, the third model was considered exploratory. The results are reported as
odds ratios with 95% confidence intervals. Model fit was assessed via the likelihood-ratio chi-square test
and Nagelkerke R2, whereas multicollinearity was evaluated via the variance inflation factor.

Sensitivity analyses were performed for patients with ACom aneurysms and those who were alive at the
end of follow-up. Comparisons other than the primary outcome analysis were considered exploratory, and
no adjustment for multiple testing was applied. All tests were two-sided, and p < 0.05 was considered
statistically significant. Statistical analyses were performed via IBM SPSS Statistics, version 20.0.

Results

A total of 138 patients were included in the study. Of these, 75 (54.3%) were women, and 63 (45.7%) were
men, with a mean age of 55.09 + 13.78 years. Lamina terminalis fenestration was performed in 48 patients
(34.8%), whereas 90 patients (65.2%) did not undergo LTF. The aneurysms were located in the anterior
communicating artery in 56 patients (40.6%), the middle cerebral artery in 40 patients (29.0%), the internal
carotid artery in 21 patients (15.2%), the posterior communicating artery in 12 patients (8.7%), and the
anterior cerebral artery in nine patients (6.5%). Among patients who underwent LTF, 42 patients had
aneurysms located in the anterior communicating artery; three, the middle cerebral artery; and one, the
anterior cerebral, and posterior communicating arteries.

At admission, 89 patients (64.5%) had WFNS grades 1-2, and 80 (58.0%) had Hunt-Hess grades 1-2. The
modified Fisher grade was 1-2 in 50 patients (36.2%) and 3—4 in 88 (63.8%). The median modified Graeb
score in the overall cohort was 2, with an interquartile range of 8. The detailed distributions of demographic,
clinical, and radiological characteristics are presented in Table 1.
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Table 1
Demographic, clinical, and radiological characteristics according to LTF status

Variable Overall LTF performed LTF not P
performed
N=138 n=48
n=90
Age, years, mean + SD 55.09+ 58.50+11.66 53.28 +14.52 0.024
13.78
Sex 0.029
Female 75 (54.3) 20 (41.7) 55 (61.1)
Male 63 (45.7) 28 (58.3) 35(38.9)
Aneurysm location <0.001
ICA 21 (15.2) 1(2.1) 20 (22.2)
MCA 40 (29.0) 3(6.3) 37 (41.1)
ACA 9 (6.5) 1(2.1) 8 (8.9)
ACom 56 (40.6) 42 (87.5) 14 (15.6)
PCom 12 (8.7) 1(2.1) 11 (12.2)
WFNS 0.831
GCS 15, no deficit 56 (40.6) 19 (39.6) 37 (41.1)
GCS 13-14, no deficit 33(23.9) 14 (29.2) 19 (21.1)
GCS 13-14, deficit present 12 (8.7) 3(6.3) 9(10.0)
GCS 7-12 29 (21.0) 9(18.8) 20 (22.2)
GCS 3-6 8(5.8) 3(6.3) 5(5.6)
Hunt-Hess 0.478
Grade 1 23 (16.7) 6 (12.5) 17 (18.9)
Grade 2 57 (41.3) 19 (39.6) 38 (42.2)
Grade 3 26 (18.8) 13 (27.1) 13 (14.4)

Abbreviations: ACA, anterior cerebral artery; ACom, anterior communicating artery; BNI, Barrow
Neurological Institute; Cl, confidence interval; EVD, external ventricular drainage; GCS, Glasgow Coma
Scale; ICA, internal carotid artery; IQR, interquartile range; LTF, lamina terminalis fenestration; MCA,
middle cerebral artery; PCom, posterior communicating artery; SD, standard deviation; WFNS, World
Federation of Neurosurgical Societies. Data are presented as the n (%), mean = SD, or median (IQR).
Welch's t test was used for age, the Mann—Whitney U test was used for the modified Graeb score, and
Pearson'’s chi-square test or Fisher’s exact test was used for categorical variables. The overall
distribution of aneurysm locations was compared via Fisher's exact test (p < 0.001). The clinically
prespecified targeted comparison of ACom versus other locations also revealed a significant difference
in distribution (Fisher’s exact test, p<0.001).
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Variable Overall LTF performed LTF not P

performed
N=138 n=48

n=90
Grade 4 26 (18.8) 8(16.7) 18 (20.0)
Grade 5 6 (4.3) 2(4.2) 4(4.4)
Modified Fisher grade 0.319
Grade 1 39 (28.3) 12 (25.0) 27 (30.0)
Grade 2 11 (8.0) 6 (12.5) 5(5.6)
Grade 3 45 (32.6) 18 (37.5) 27 (30.0)
Grade 4 43 (31.2) 12 (25.0) 31(34.4)
BNI grade 0.674
No blood 41 (29.7) 16 (33.3) 25(27.8)
<5 mm 26 (18.8) 6 (12.5) 20 (22.2)
5-10 mm 32(23.2) 11 (22.9) 21 (23.3)
10-15mm 27 (19.6) 11 (22.9) 16 (17.8)
>15 mm 12 (8.7) 4 (8.3) 8 (8.9)
Modified Graeb score, median 2 (8) 4 (8) 2(7) 0.028
(IQR)
Intraparenchymal hemorrhage 0.926
Present 31 (22.5) 11 (22.9) 20 (22.2)
Absent 107 (77.5) 37 (77.7) 70 (77.8)
Acute hydrocephalus 0.453
Present 35(25.4) 14 (29.2) 21 (23.3)
Absent 103 (74.6) 34 (70.8) 69 (76.7)
EVD 0.315

Abbreviations: ACA, anterior cerebral artery; ACom, anterior communicating artery; BNI, Barrow
Neurological Institute; Cl, confidence interval; EVD, external ventricular drainage; GCS, Glasgow Coma
Scale; ICA, internal carotid artery; IQR, interquartile range; LTF, lamina terminalis fenestration; MCA,
middle cerebral artery; PCom, posterior communicating artery; SD, standard deviation; WFNS World
Federation of Neurosurgical Societies. Data are presented as the n (%), mean  SD, or median (IQR).
Welch's t test was used for age, the Mann—-Whitney U test was used for the modified Graeb score, and
Pearson’s chi-square test or Fisher’s exact test was used for categorical variables. The overall
distribution of aneurysm locations was compared via Fisher’s exact test (p < 0.001). The clinically
prespecified targeted comparison of ACom versus other locations also revealed a significant difference
in distribution (Fisher’s exact test, p <0.001).
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Variable Overall LTF performed LTF not P
performed
N=138 n=48
n=90
Present 28 (20.3) 12 (25.0) 16 (17.8)
Absent 110 (79.7) 36 (75.0) 74 (82.2)
Vasospasm 0.625
Present 48 (34.8) 18 (37.5) 30(33.3)
Absent 90 (65.2) 30 (62.5) 60 (66.7)
Meningitis 0.058
Present 28 (20.3) 14 (29.2) 14 (15.6)
Absent 110 (79.7) 34 (70.8) 76 (84.4)
Delayed ischemia 0.465
Present 49 (35.5) 19 (39.6) 30(33.3)
Absent 89 (64.5) 29 (60.4) 60 (66.7)
Abbreviations: ACA, anterior cerebral artery; ACom, anterior communicating artery; BNI, Barrow
Neurological Institute; Cl, confidence interval; EVD, external ventricular drainage; GCS, Glasgow Coma
Scale; ICA, internal carotid artery; IQR, interquartile range; LTF, lamina terminalis fenestration; MCA,
middle cerebral artery; PCom, posterior communicating artery; SD, standard deviation; WFNS, World
Federation of Neurosurgical Societies. Data are presented as the n (%), mean = SD, or median (IQR).
Welch's t test was used for age, the Mann—Whitney U test was used for the modified Graeb score, and
Pearson'’s chi-square test or Fisher’s exact test was used for categorical variables. The overall
distribution of aneurysm locations was compared via Fisher's exact test (p < 0.001). The clinically
prespecified targeted comparison of ACom versus other locations also revealed a significant difference
in distribution (Fisher’s exact test, p<0.001).

During follow-up, acute hydrocephalus was identified in 35 patients (25.4%), external ventricular drainage
was required in 28 (20.3%), vasospasm occurred in 48 (34.8%), meningitis in 28 (20.3%), and radiographic
delayed ischemia in 49 (35.5%). Patients who died within the first 14 days after subarachnoid hemorrhage
were excluded from the study; among those included in the analytical cohort, 39 patients (28.3%) died
during follow-up.

The mean age was 58.50 + 11.66 years in the LTF group and 53.28 + 14.52 years in the non-LTF group. The
difference in mean age was statistically significant (Welch’s t(115.2) = 2.30; p = 0.024). Men accounted for
58.3% of the LTF group and 38.9% of the non-LTF group (p = 0.029). The overall distribution of aneurysm
locations differed between the LTF groups (Fisher’s exact test, p < 0.001). ACom aneurysms accounted for
87.5% of the cases in the LTF group and 15.6% of those in the non-LTF group; the targeted comparison
between ACom and other anterior circulation locations was also significant (Fisher’s exact test, p <0.001).
The median modified Graeb score was 4 (IQR = 8) in the LTF group and 2 (IQR = 7) in the non-LTF group
(Mann—Whitney U = 1676; p = 0.028; rank-biserial correlation = 0.224). The distributions of WFNS, Hunt-
Hess, modified Fisher, and BNI grades, as well as the rates of intraparenchymal hemorrhage, acute
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hydrocephalus, EVD placement, vasospasm, meningitis, and delayed ischemia, did not differ significantly
between the LTF groups (all p > 0.05).

Shunt-dependent hydrocephalus developed in 19 patients (13.8%). A VP shunt was placed in eight of 48
patients (16.7%) in the LTF group and 11 of 90 patients (12.2%) in the non-LTF group. The absolute risk
difference between the groups was 4.4 percentage points (95% Cl, - 8.1-17.0). No statistically significant
between-group difference was identified (RR = 1.36; 95% Cl, 0.59-3.16; OR = 1.44; 95% Cl, 0.54-3.85;
Fisher's exact test, p = 0.605) (Table 2).

Table 2

Associations between LTF and shunt-dependent hydrocephalus: primary and sensitivity analyses

Analysis LTF LTF not Risk RR (95% OR (95% p*

performed: performed: difference, % Cl) Cl)

shunt/n (%) shunt/n (%) (95% CI)
Overall cohort  8/48 (16.7) 11/90 (12.2) 4.4 (-8.1to 1.36 1.44 0.605
(N = 138) 17.0) (0.59- (0.54~-

3.16) 3.85)

ACom 7/42 (16.7) 4/14 (28.6) -11.9(-38.1  0.58 0.50 0.439
subgroup (N to 14.3) (0.20- (0.12-
= 56 1.70) 2.06)
Surviving 5/32 (15.6) 8/67 (11.9) 3.7(-11.1t0 1.3 1.37 0.751
patients (N = 18.5) (0.47- (0.41-
99) 3.68) 4.56)

Abbreviations: ACom, anterior communicating artery; Cl, confidence interval; LTF, lamina terminalis
fenestration; OR, odds ratio; RR, relative risk. The risk difference was calculated as LTF performed minus
LTF not performed. *Fisher’s exact test was used. Patients coded as deceased were excluded from the
surviving-patient analysis.

In the analysis of the 56 patients with ACom aneurysms, shunt-dependent hydrocephalus developed in
seven of 42 patients (16.7%) who underwent LTF and four of 14 patients (28.6%) who did not. The absolute
risk difference was - 11.9 percentage points (95% Cl, - 38.1-14.3), the RR was 0.58 (95% Cl, 0.20-1.70),
and the OR was 0.50 (95% Cl, 0.12-2.06). The between-group difference was not statistically significant
(Fisher’s exact test, p = 0.439). In the sensitivity analysis, which was restricted to the 99 patients who were
alive at the end of follow-up, the shunt placement rate was 15.6% (5/32) in the LTF group and 11.9% (8/67)
in the non-LTF group. In this analysis, the absolute risk difference was 3.7 percentage points (95% Cl, -
11.1-18.5), the RR was 1.31 (95% Cl, 0.47-3.68), and the OR was 1.37 (95% Cl, 0.41-4.56) (Fisher’s exact
test, p=0.751) (Table 2).

The results of the overall unadjusted logistic regression model were not statistically significant (likelihood
ratio x2(1) = 0.509; p = 0.476; Nagelkerke R2=0.007; AIC = 114). In this model, the OR for LTF was 1.44 (95%
Cl, 0.54-3.85; p =0.472). The second model, which additionally included aneurysm location categorized as
ACom versus other anterior circulation locations, was also not significant overall (x2(2) = 3.01; p = 0.222;
Nagelkerke R2=0.039; AIC = 114). In the second model, the OR was 0.68 for LTF (95% CI, 0.18-2.56; p =
0.569) and 2.92 for ACom location (95% CI, 0.79-10.80; p =0.109).
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The overall test of the expanded exploratory model, which additionally included age, sex, and the
dichotomized modified Fisher grade, was statistically significant (likelihood ratio x?(5) = 15.1; p = 0.010;
Nagelkerke R2=0.188; AIC = 107). In this model, the OR was 0.76 for LTF (95% Cl, 0.20-2.95; p = 0.690), 3.26
for ACom location (95% Cl, 0.82-13.00; p = 0.094), 0.67 for male sex (95% Cl, 0.22-2.01; p =0.471), 13.79
for modified Fisher grades 3-4 (95% CI, 1.74-109.18; p = 0.013), and 1.00 for each one-year increase in age
(95% ClI, 0.96-1.04; p = 0.825). All variance inflation factor values were less than 2 across the models
(Table 3).

Table 3
Logistic regression models for shunt-dependent hydrocephalus
Model Variable OR 95% CI p
Model 1 LTF performed (reference: not 1.44 0.54-3.85 0.472
performed)
Model 2 LTF performed (reference: not 0.68 0.18-2.56 0.569
performed)
ACom (reference: other locations) 2.92 0.79-10.80 0.109
Model 3 LTF performed (reference: not 0.76 0.20-2.95 0.690
performed)
ACom (reference: other locations) 3.26 0.82-13.00 0.094
Male sex (reference: female) 0.67 0.22-2.01 0.471
Mod)iﬁed Fisher grade 3-4 (reference: 13.79 1.74-109.18 0.013
1-2
Age, per 1-year increase 1.00 0.96-1.04 0.825
The dependent variable was the presence of shunt-dependent hydrocephalus. Model 1: AIC = 114,
likelihood ratio x2(1) = 0.509, p = 0.476, Nagelkerke R?=0.007. Model 2: AIC =114, x?(2) =3.01, p = 0.222,
Nagelkerke R2=0.039. Model 3: AIC =107, x3(5) =15.1, p = 0.010, Nagelkerke R?=0.188. Because Model 3
included only 19 events and five coefficients, it should be considered exploratory. Abbreviations: ACom,
anterior communicating artery; AIC, Akaike information criterion; Cl, confidence interval; LTF, lamina
terminalis fenestration; OR, odds ratio.

Discussion

In this single-center retrospective cohort, no significant association was identified between LTF performed
during microsurgical clipping of ruptured anterior circulation aneurysms and shunt-dependent
hydrocephalus. The shunt placement rate was 16.7% among patients who underwent LTF and 12.2% among
those who did not (RR = 1.36; OR = 1.44). However, the wide confidence intervals and the fact that the
absolute risk difference encompassed the possibility of both benefit and harm precluded the exclusion of a
clinically meaningful effect. Therefore, these findings should not be interpreted as demonstrating that LTF is
ineffective; rather, a protective effect could not be established in this cohort.

The use of LTF was strongly associated with aneurysm location. ACom aneurysms accounted for 87.5% of

the cases in the LTF group but only 15.6% of those in the non-LTF group. This marked imbalance suggests
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that the decision to perform LTF may have been influenced by anatomical location, surgical accessibility,
and surgeon preference. In the analysis restricted to patients with ACom aneurysms, the shunt placement
rate was numerically lower among those who underwent LTF (16.7% vs. 28.6%), although the difference was
not statistically significant. Because this analysis included only 56 patients and 11 shunt events and yielded
a wide confidence interval for the RR (95% Cl, 0.20—1.70), it does not permit a reliable conclusion regarding
a protective effect.

When the aneurysm location was added to the model, the OR for LTF shifted from 1.44 to 0.68, suggesting
that the unadjusted association was influenced by treatment selection confounding. The exploratory model
incorporating age, sex, and modified Fisher grade similarly produced a nonsignificant estimate in favor of
LTF. Nevertheless, residual confounding due to unmeasured factors, including surgeon preference and
undocumented anatomical characteristics, cannot be excluded. Thus, the reversal in the direction of the
adjusted estimates should not be regarded as evidence of benefit from LTF; instead, it highlights the
sensitivity of the unadjusted result to patient selection.

The sensitivity analysis of the 99 patients who were alive at the end of follow-up also revealed no significant
between-group differences (15.6% vs. 11.9%; RR = 1.31; OR = 1.37). This finding suggests that the primary
result was not attributable solely to deaths during follow-up. However, because an analysis limited to
survivors is susceptible to selection bias, it should be regarded as a complementary assessment of the
consistency of the findings rather than an alternative to the primary analysis.

In a retrospective study of 369 patients by Komotar et al., shunt-dependent hydrocephalus occurred in 25%
of patients who underwent LTF and 20% of those who did not, with no statistically significant difference
between the groups. In the matched analysis, the corresponding shunt rates were 29% and 20%,
respectively [11]. A systematic review conducted by the same research group likewise failed to demonstrate
that LTF consistently reduced the occurrence of shunt-dependent hydrocephalus [12]. Similarly, in a
retrospective study of 151 surgically treated patients with aneurysmal subarachnoid hemorrhage,
Tabibkhooei et al. performed LTF in 36 patients and reported no significant association between LTF and
shunt-requiring hydrocephalus [16]. Ayyad et al. retrospectively evaluated 113 patients who underwent
microsurgical clipping, 84 of whom underwent lamina terminalis opening. Although all four
ventriculoperitoneal shunts were placed in the LTF group, the difference was not statistically significant
(4.8% vs. 0%; p = 0.57). Postoperative hydrocephalus rates were also similar between the groups (35.7% vs.
34.5%; p = 1.00) [17]. These studies are consistent with our finding that a reduction in shunt requirements
associated with LTF could not be demonstrated. Nevertheless, the observational designs of both the
previous studies and the present investigation prevent the effects of treatment selection on the outcomes
from being fully excluded.

Conversely, an earlier study by Komotar et al. reported findings favoring LTF [10]. In the series by Lehto et
al., in which a catheter was advanced into the third ventricle through the fenestrated lamina terminalis, no
significant association was identified between LTF and shunt requirements [18]. Jiang et al. reported a
lower shunt rate in patients who underwent combined fenestration of the lamina terminalis and the
membrane of Liliequist than in those treated with clipping alone or clipping with LTF. Because combined
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opening of the lamina terminalis and the membrane of Liliequist represents a different surgical intervention
from LTF alone, the findings of combined fenestration studies should not be considered directly comparable
with those of the present cohort [13].

In a retrospective study of 77 patients who underwent microsurgical clipping for anterior circulation
aneurysms, Igbal et al. reported lower rates of shunt-dependent hydrocephalus associated with LTF,
particularly among patients with high Fisher grades. However, the single-center retrospective design, limited
sample size, and insufficient control of potential confounding variables warrant cautious interpretation of
these findings [14]. Differences across studies may be attributable to variations in patient selection,
aneurysm location, hemorrhage severity, fenestration technique, criteria for performing LTF, and institutional
practices governing shunt placement.

The overall shunt rate of 13.8% in our cohort was comparable to the 13% rate reported by Paisan et al. in a
series of 888 patients [19]. In contrast, the shunt rate was 31.2% in the BRAT analysis of 471 patients
conducted by Zaidi et al. [20] and 17.7% among patients who survived for at least 14 days in a multicenter
study of 1,533 patients by Adams et al. [21]. These variations may be related to differences in patient
selection, hemorrhage severity, inclusion of posterior circulation aneurysms, treatment modality, criteria for
EVD and shunt placement, and early mortality. In the present study, excluding patients who died within the
first 14 days after subarachnoid hemorrhage may have influenced both the overall shunt rate and its
comparability with rates reported in other studies.

In the exploratory multivariable model, modified Fisher grades 3—4 were associated with shunt
requirements. The direction of the association between a high subarachnoid blood burden and shunt
dependency is biologically and clinically consistent with the findings of previous meta-analyses [8].
However, the wide 95% confidence interval around the OR estimate of 13.79 (1.74-109.18) indicates
substantial statistical uncertainty. Because the model included five coefficients but only 19 shunt events,
this finding should be regarded as hypothesis-generating and exploratory rather than as evidence of a
confirmed independent predictor. Likewise, the absence of significant associations for age and sex should
not be interpreted as evidence that these variables have no potential effect, given the limited statistical
power.

Previous large cohorts have suggested that posterior circulation aneurysms, in particular, may be
associated with an increased risk of shunt dependency [20, 22]. Because the present study included only
anterior circulation aneurysms, the potential influence of posterior circulation location could not be
evaluated. In this cohort, however, the principal importance of aneurysm location was not its direct
association with shunt outcome but its role as a treatment-selection confounder that strongly influenced
whether LTF was performed.

The current American Heart Association/American Stroke Association guidelines recommend urgent
cerebrospinal fluid diversion for acute symptomatic hydrocephalus after aneurysmal subarachnoid
hemorrhage and permanent cerebrospinal fluid diversion for chronic symptomatic hydrocephalus. LTF is
not a standard or routine preventive strategy for reducing shunt-dependent hydrocephalus [3]. The present
study likewise provides no evidence to support the routine use of LTF solely to reduce the need for shunt

Page 13/18



placement. Nevertheless, because of the limited number of outcome events and the wide confidence
intervals, the possibility of either benefit or harm cannot be conclusively excluded.

Strengths

One of the strengths of this study is its focus on a relatively homogeneous cohort of patients with anterior
circulation aneurysms who underwent microsurgical treatment at the same center over a period exceeding
seven years. Clearly, defining the primary outcome as permanent VP shunt placement provided a clinically
meaningful outcome measure that could be reliably verified from patient records. Reporting the association
between LTF and shunt placement via the absolute risk difference, RR, OR, and 95% confidence intervals,
rather than relying solely on p values, enabled the magnitude of the association and its statistical
uncertainty to be evaluated together.

The strong association between LTF use and aneurysm location clarified why the unadjusted group
comparison could not be interpreted as a causal effect. Addressing this issue through both a sensitivity
analysis restricted to ACom aneurysms and sequential logistic regression models incorporating aneurysm
location represents another strength of the study. In addition, the sensitivity analysis restricted to surviving
patients allowed assessment of the potential influence of mortality and the opportunity to undergo shunt
placement during follow-up on the primary finding.

Limitations

The principal limitations of this study are its retrospective, single-center design and the absence of
standardized indications for LTF. Because the decision to perform LTF was influenced by the aneurysm
location and surgeon preference, treatment selection bias may have occurred, particularly given the marked
imbalance in the distribution of ACom aneurysms between the groups. Despite statistical adjustment,
residual confounding due to unmeasured anatomical and intraoperative variables cannot be excluded. The
small number of shunt events (n = 19) reduced the precision of the effect estimates and increased the risk
of overfitting in the multivariable model; therefore, the model should be considered exploratory.
Furthermore, excluding patients who died within the first 14 days may have introduced survival bias. The
lack of fully standardized and detailed documentation of both the indications for shunt placement and the
LTF technique also limits the generalizability of the findings. For these reasons, the observed associations
should not be interpreted as causal.

Conclusion

In patients who underwent microsurgical clipping for ruptured anterior circulation aneurysms, lamina
terminalis fenestration was not independently associated with the development of shunt-dependent chronic
hydrocephalus. Neither the unadjusted analyses nor the models adjusted for aneurysm location and the
sensitivity analyses demonstrated a reduction in shunt requirement associated with LTF. Nevertheless, the
limited number of outcome events, wide confidence intervals, and strong association between the use of
LTF and aneurysm location prevent the possibility of clinically relevant benefit or harm from being
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conclusively excluded. These findings do not support the routine use of LTF solely to prevent shunt-
dependent hydrocephalus. Prospective, multicenter studies with standardized surgical indications and
adequate sample sizes are needed to establish the effectiveness of LTF.

Abbreviations

LTF

lamina terminalis fenestration
aSAH

aneurysmal subarachnoid hemorrhage
EVD

external ventricular drainage
RD

risk difference

oD

odds ratio

RR

relative risk

Cl

confidence interval

AIC

Akeike information criterion
SD

standard deviation

IQR

interquartile range

GCS

Glasgow Coma Scale

CT

computed tomography

ICA

internal carotid artery

Acom

anterior communicating artery
MCA

middle cerebral artery

ACA

anterior cerebral artery

Pcom

posterior communicating artery
BNI
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Barrow Neurological Institute

VP

ventriculoperitoneal

WFENS

World Federation of Neurosurgical Societies
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