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Influence of Lamina Terminalis Fenestration on the Occurrence of the
Shunt-Dependent Hydrocephalus in Anterior Communicating Artery

Aneurysmal Subarachnoid Hemorrhage

Recently, it was reported that fenestration of the lamina terminalis (LT) may reduce
the incidence of shunt-dependent hydrocephalus in aneurysmal subarachnoid hem-
orrhage (SAH). The authors investigated the efficacy of the LT opening on the inci-
dence of shunt-dependent hydrocephalus in the ruptured anterior communicating
artery (ACoA) aneurysms. The data of 71-ruptured ACoA aneurysm patients who
underwent aneurysmal clipping in acute stage were reviewed retrospectively. Group
I (n=36) included the patients with microsurgical fenestration of LT during surgery,
Group Il (n=35) consisted of patients in whom fenestration of LT was not feasible.
The rate of shunt-dependent hydrocephalus was compared between two groups
by logistic regression to control for confounding factors. Ventriculo-peritoneal shunts
were performed after aneurysmal obliteration in 18 patients (25.4%). The conversion
rates from acute hydrocephalus on admission to chronic hydrocephalus in each
group were 29.6% (Group 1) and 58.8% (Group II), respectively. However, there
was no significant correlation between the microsurgical fenestration and the rate
of occurrence of shunt-dependent hydrocephalus (p>0.05). Surgeons should care-
fully decide the concomitant use of LT fenestration during surgery for the ruptured
ACOoA aneurysms because of the microsurgical fenestration of LT can play a neg-
ative role in reducing the incidence of chronic hydrocephalus.
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INTRODUCTION

Frequency of hydrocephalus after surgical operation about
aneurysmal subarachnoid hemorrhage (SAH) is reported var-
iously as 6-67% and the occurrence time is also varied from
several days to years (1-4). Hydrocephalus is classified into the
acute form (0-3 days after hemorrhage), subacute form (4-13
days after hemorrhage), and chronic form (over the 14 days
after hemorrhage) according to the occurrence time (5). It is
thought that acute hydrocephalus occurred by early compro-
mise of cerebrospinal fluid (CSF) circulation and malabsorp-
tion due to the blood clot in the ventricular system, especially
the fourth ventricle, and subsequent fibrosis and adhesion as
a leptomeningeal reaction to the blood clot in the subarach-
noid space have been contributing to the development of ch-
ronic hydrocephalus (4, 6-9). Chronic hydrocephalus, which
has been indolent for more than 2 weeks, is needed for the
shunt operation in almost all cases (5), and that occurred in
about 20% of SAH patients (10-13).

Age of the patient, the mental status on admission, the loca-
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tion of ruptured aneurysms, the presence of acute hydrocepha-
lus, and also intraventricular hemorrhage have been proposed
as significant factors for the development of chronic hydroce-
phalus after operations for cerebral aneurysm (14-16). Recently
there are some reports that lamina terminalis (LT) fenestration
during aneurysm sutgery by the pterional approach may de-
crease the incidence of the shunt-dependent hydrocephalus
(17, 18). Komotar et al. reported the retrospectively analyzed
results of 582 cerebral aneurysm patients, in which fenestra-
tion of LT reduced the overall shunt rate and the rate of con-
version from acute hydrocephalus on admission to shunt-
dependent hydrocephalus by more than 80% (19).

This study aimed to investigate the effect of LT fenestration
among the several factors that influence the incidence of
hydrocephalus upon the shunt rate of hydrocephalus in ante-
rior communicating artery (ACoA) aneurysm patients, and
suggest guidelines for the management of hydrocephalus
after aneurysmal surgery.
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MATERIALS AND METHODS
Patients selection

Data from the clinical records of 71 patients with SAH by
ACoA aneurysmal rupture, who were operated on by aneurys-
mal clipping through a standard pterional approach in the
acute stage of hemorrhage (within 3 days after rupture) were
selected between January 2000 and December 2003. Two
patients who died within 2 weeks after surgical neck clipping
were excluded in this study.

Operation technique and management

All patients confirmed to have ACoA aneurysmal ruptures
were invariably surgically treated through a standard pteri-
onal approach and any extraventricular or lumbar drainage
was not performed before craniotomy. Brain swelling was
managed principally by the opening and drainage of cistern.
However, intraoperative ventricular diversion (ventriculosto-
my) was performed only when the severe brain swelling could
not be controlled by mannitol or anesthetic techniques. Blood
clots in the cisterns were irrigated and sucked out meticu-
lously after surgical clipping of the aneurysm. A self-retain-
ing retractor was adjusted parallel to the ACoA to fully ex-
pose the LT that could be observed as a bluish, usually bul-
ging membrane, in a medial position behind the optic chi-
asm. An incision was made strictly in the lower midline in
the LT, to avoid damage to the vascular structures around the
optic apparatus, and cerebrospinal fluid (CSF) was drained
freely through the aperture. All the patients were treated con-
servatively for maintaining the proper hemodynamic status
by use of ordinary calcium channel blocker and hypervolemic
therapy during the postoperative period.

Indications for ventriculo-peritoneal (V-P) shunts were de-
cided by radiological and clinical criteria. Radiographic hydro-
cephalus was defined as computed tomography (CT) imag-
ing which demonstrated the evidence of increased ventricu-
lar size associated with the following findings: rounded aspect
of the frontal horns, enlargement of the third ventricle and
temporal horns, a diminished cortical sulcal pattern (sulci
and gyral effacement), and the presence of periventricular lu-
cency. Clinical criteria were neurological deterioration includ-
ing mental status deterioration, gait disturbance, urinary in-
continence, and memory disturbance. V-P shunt for hydro-
cephalus was carried out as an ordinary method.

Data analysis

All informations were obtained from medical records and
analyzed retrospectively. The data for all 71 patients were
analyzed for the following factors at admission: patient’s age,
sex, Hunt-Hess grade, Fisher grade, Glasgow Coma Scale
(GCS) score, and presence of hydrocephalus. Also, Glasgow
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Outcome Scale (GOS) at postoperative 3 months, premature
rupture, ventriculostomy and LT fenestration during aneurys-
mal clipping, and V-P shunt after the operations were includ-
ed in the analysis. Clinical status after operation was classi-
fied according to GOS. Under this rating system, a GOS score
of 1 describes death; a GOS score of 2, persistent vegetative
state; a GOS score of 3, severe disability (conscious but dis-
abled); a GOS score of 4, moderate disability (disabled but
independent); and a GOS score of 5, excellent recovery with
return to baseline functional status (20).

The patients involved were divided into two groups. Group
I (n=36) consisted of patients in whom LT fenestration was
petformed, Group II (n=35) consisted of patients in whom
LT fenestration was not carried out. Hunt-Hess grade, Fish-
er grade, GCS score, presence of hydrocephalus, premature
rupture, and ventriculostomy were analyzed by univariate
analysis about the effect on LT fenestration. Each variable was
transformed into a binary variable. Odds ratios (ORs), 95%
confidence intervals (CIs) for ORs, and p-values that were cal-
culated by use of the X? test were compared between Group
I and Group II, and the validity of those results were analyzed
by Fisher exact test. For the inspection of the intensity of cor-
relation between LT fenestration, ventriculostomy and chronic
hydrocephalus, significance; p-values, 95% confidence inter-
val, and ORs were calculated by use of logistic regression
analysis. A value of p<0.05 was considered significant; all
mean values were reported as means & standard deviations.

RESULTS
Clinical characteristics

The characteristics of Group I and II are depicted in Table
1 and 2. There were no siginificant differences among the sub-
groups with respect to neurological scale scores (Hunt-Hess
grade, GCS score, GOS) and the severity of the SAH (Fisher
grade). The incidence of hydrocephalus at admission and the
rate of shunting tended to increase with worsening of SAH
severity (Tables 1, 2). Mean ages were 49.44+15.66 yr in
Group I (n=36, 50.7%) and 54.66+13.24 yr in Group II
(n=35,49.3%). Female patients were 17 women in Group I
(47.2%) and 19 women in Group II (54.3%) (Table 3).

Factors that influence the use of LT fenestration

Fisher grades were higher in Group II (3.26 +0.82) than
Group I (2.75 £0.65) (p=0.2997; OR=0.5242) (Fig. 1A). In
patients who had hydrocephalus at admission, LT openings
were performed more often. Incidence of hydrocephalus was
higher in Group I (75%, 27/36) than Group 11 (48.6%, 17/35)
and it was statistically significant ($=0.0287; OR=3.176)
(Fig. 1B). Correlation between LT fenestration and intraop-
erative ventriculostomy had a statistically significant differ-
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Table 1. Characteristics of Group | patients who underwent the
lamina terminalis fenestration
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Table 2. Characteristics of Group Il patients who did not under-
go the lamina terminalis fenestration

Hydrocephalus Hydr hal
Variab| No. of cz/n admgsion sh thjr;tm/tt el Variabl No. of gr?a%crigsii)is Sh V—Pgr;unt |
anavies patients  (HC Pts/total Pts ( Lg;sex 108)0 a anables patients  (HC Pts/total Pts ( lg;tsex 1 S;/;ota
X 100) x100)
Hunt-Hess grade Hunt-Hess grade
good (IIl =) 19 13 (68.4%) 2(10.5%) good (Il =) 14 5(35.7%) 4(28.6%)
poor (IV <) 17 14 (82.4%) 6 (35.3%) poor (IV <) 21 12(57.1%) 6 (28.6%)
Fisher grade Fisher grade
good (Il =) 13 10 (76.9%) 2 (15.4%) good (Il =) 8 3(37.5%) 2 (25.0%)
poor (Il <) 23 17 (73.9%) 6 (26.1%) poor (Il <) 27 14 (51.9%) 8(29.6%)
GCS score GCS score
13< 28 20 (71.4%) 5(17.9%) 13< 26 12 (46.2%) 8(30.8%)
13> 8 7 (87.5%) 3(37.5%) 13> 9 5(55.6%) 2(22.3%)
GOS GOS
good (IV <) 33 25 (75.8%) 6(18.2%) good (IV <) 31 15 (48.4%) 10 (32.3%)
poor (Il =) 3 2 (66.7%) 2 (66.7%) poor (Il =) 4 2(50.0%) 0(0.0%)

Pts, Patients; HC Pts, patients with hydrocephalus; V-P shunt, ventricu-
lo-peritoneal shunt; GCS, Glasgow Coma Scale; GOS, Glasgow Outcome
Scale.

Table 3. Evaluation of factors associated with LT fenestration in
patients with aneurysmal SAH

LT fenestration

Variables OR  95%Cl p-value
Yes No

Number of 36 (50.7%) 35 (49.3%)

patients

Age (yr) 49.44+15.6654.66+13.24

Sex (female) 17 (47.2%) 19 (54.3%)

Hunt&Hess  258+0.73 2.66+0.87

grade (mean)

poor (IV <) 17 21 0.5965 0.2327- 0.3442
1.529

good (Il =) 19 14

Fisher grade  2.75+0.65 3.26+0.82

(mean)

poor (Il <) 23 27 0.5242 0.1849- 0.2997
1.486

good (Il >) 13 8

GCS score 13.89+2.34 13.71+£2.35

(mean)

13< 8 9 0.8254 0.2769- 0.7861
2.460

13> 28 26

Hydrocephalus on admission

(+F) 2719 17/18 3.176  1.163- 0.0287
8.673

Premature rupture

(+F) 11/25 13/22 0.7446 0.2776- 0.6210
1.997

Ventriculostomy

(+F) 34/2 10/25 42500 8.546- <0.0001

211.35

LT, lamina terminalis; GCS, Glasgow Coma Scale; OR, odds ratio; Cl,
confidence interval.

Pts, patients; HC Pts, patients with hydrocephalus; V-P shunt, ventricu-
loperitoneal shunt; GCS, Glasgow Coma Scale; GOS, Glasgow Outcome
Scale.

ence of 94.4% in Group I and 28.6% in Group II (9<0.0001;
OR=42.500) (Fig. 1C). LT fenestration was performed still
more frequently in patients who had intraoperative ventricu-
lostomy. Hunt-Hess grade, GCS score, and premature rupture
had no significant predictive value with regard to the LT fen-
estration (Table 3).

LT fenestration and development of chronic hydrocephalus

V-P shunt was undertaken from 19th day to 90th day (mean
37.3 days) after aneurysmal clipping in 18 patients (25.4%)
(8 patients: 8/36 (22.2%) in Group [; 10 patients: 10/35 (28.6
%) in Group II). The rate of V-P shunt had no significant di-
fference between Group I and Group II (9=0.594; OR=0.7143)
(Table 4). The rate of conversion from acute hydrocephalus
on admission to shunt-dependent hydrocephalus was 29.6%
(8/27) in Group 1, 58.8% (10/17) in Group II, and the over-
all conversion rate was 40.9% (18/44).

Intraoperative ventriculostomy and development of
chronic hydrocephalus

V-P shunt was undertaken in 18 patients (25.4%) (13 pa-
tients: 13/44 (18%) in whom ventriculostomy was chosen;
5 patients: 5/27 (7%) in whom ventriculostomy was not cho-
sen). The rate of V-P shunt had no significant difference bet-
ween ventriculostomy performed and not performed groups
(p=0.4026; OR =1.845) (Table 5).

DISCUSSION

Since the first report of Bagley in 1928 (21), hydrocephalus
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Fig. 1. Graphs showing the distribution of patients according to variable factors. (A) Fisher grade is unexpectedly higher in Group Il, and
it has not statistical significance (p=0.2997; OR=0.5242). (B) Preoperative hydrocephalus and lamina terminalis (LT) fenestration is signifi-
cantly associated (p=0.0287; OR=3.176). (C) In Group |, intraoperative ventriculostomy is performed in almost all cases as a routine pro-

cedure (p=<0.0001; OR=24.500).

Table 4. Correlation between LT fenestration and V-P shunt

Table 5. Correlation between ventriculostomy and V-P shunt

V-P shunt Ventriculo- V-P shunt
LT fenestraton —— OR 95% Cl  Significance —— OR 95% Cl  Significance
Yes No stomy  Yes  No
Yes 8 28 Yes 13 31
No 10 o5 0.7143  0.2438-2.093 0.594 No 5 2 1.845 0.5741-5.930 0.4026

LT, lamina terminalis; V-P shunt, ventriculoperitoneal shunt; OR, odds
ratio; Cl, confidence interval.
has been appraised by an important complication after the
SAH and chronic hydrocephalus that required a shunt oper-
ation is reported over all in about 20% of SAH (10-13, 16).
According to the development mechanism, it is thought that
acute hydrocephalus is developed by a compromise of CSF
circulation and/or malabsorption from arachnoid granulation
due to the blood clot in the aqueduct of Sylvius, 4th ventri-
cle, and basal cistern. In chronic hydrocephalus, fibrosis and
obstruction of the subarachnoid granulation is contributing
to permanent malabsorption, and promotes the communi-
cating hydrocephalus (4, 6-9). Sometimes acute hydrocephalus
can be transformed to chronic hydrocephalus, but there are
some circumstances that the etiologic mechanisms are not
certain. Joakimsen et al. researched the CSF hydrodynamics
after SAH. They suggested the clue that there were two forms
of hydrocephalus: one was the normal pressure hydrocephalus
which was resulted from the normal CSF hydrodynamics and
the other was the disturbed CSF hydrodynamics related hyd-
rocephalus (13). Therefore, we can deduce that the different
mechanisms may be involved in the development of the chro-
nic hydrocephalus after aneurysmal SAH. Since it has been
required a minimum of 10 days for fibrosis of leptomeninges,
chronic hydrocephalus usually occurs at around 2 weeks after
SAH. Therefore, close observation is recommended for more
than 6 months in the high risk patients (5, 11).

The fenestration of LT has been used to treat the non-com-
municating hydrocephalus that accompanied elevated intracra-

LT, lamina terminalis; V-P shunt, ventriculoperitoneal shunt; OR, odds
ratio; Cl, confidence interval.

nial pressure caused by the obstructive pathologies in the mid-
brain and/or posterior cranial fossa structures for more than
80 yr (19). Postulated mechanisms include CSF flow through
the patent LT opening to an absorptive subarachnoid space
and rapid transmission of the pulse pressure through a free
communicating CSF space (18). Yasargil recommended that
LT fenestration should be reserved for those instances in that
opening of the other basal arachnoid cisterns does not provide
sufficient CSF release, especially in that case of blocked basal
cistern by adherent hematomas (22). Fox and Sengupta used
the LT fenestration to manage the acute hydrocephalus and/or
to prevent the progression of subsequent chronic hydroce-
phalus (23).

Sindou reported that fenestration of the LT and Lilliequi-
st's membrane had a favorable effect on the outcomes by facil-
itating CSF circulation through the basal cistern in 197 cases
of the ruptured aneurysmal SAH patients (17). Tomasello et
al. reported that the LT fenestration decreased the fibrosis in
cisterns by promoting the hematoma toileting in the basal
cistern and subarachnoid space, and improved the clinical
results by reducing the incidence of chronic hydrocephalus
to 4.2% much lower than mean 15-20% in the other con-
temporary studies (18). On the contrary, the previous reports
had been studied in small series; Komotar et al. reviewed
582 cases retrospectively. They suggested that chronic hydro-
cephalus after anterior circulation aneurysmal SAH was the
communicating type caused by an obliteration of arachnoid
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granulation in the cerebral convexity. On the other hand, ch-
ronic hydrocephalus after posterior circulation aneurysmal
SAH was more commonly the non-communicating type, for
which obstruction level was located at the outside the out-
flow of the fourth ventricle at the foramina of Luschka and
Magendie. They also reported that LT fenestration reduced
both the overall shunt rate and the rate of conversion from
acute hydrocephalus on admission to shunt-dependent hydro-
cephalus by more than 80%, decteased the morbidity and
mortality related to the shunt operation (19). The LT fenes-
tration has been performed as a safe procedure by many sut-
geons (18, 19), and our experience was the same. However,
transient confusion, memory loss, decreased level of conscious-
ness, and hypothalamic injuries were reported (24) and it al-
ways had a possibility to injure vascular structures around
the optic chiasm resulting in the irreversible cerebral damage.

The other studies have reported that the clinical grade on
admission, the age of the patient, the amount of the SAH,
aneurysm location, hyponatremia, hypertension, and the use
of antifibrinolytic are known as factors associated with the
development of hydrocephalus after aneurysmal SAH (1, 4,
5,13, 15, 25, 26). As many studies had proved the statisti-
cal relationships between these factors and the development
of hydrocephalus, we limited the study design to the effect
of the single factor that is the LT fenestration on the devel-
opment of hydrocephalus in anterior circulation aneurysmal
SAH which was mainly caused by a communicating type me-
chanism due to subarachnoid fibrosis, and its statistical cor-
relation was calculated by logistic regression analysis after
dividing the patients into two groups according to the usage
of LT fenestration (Table 4). Significant clinical criteria were
analyzed by use of univariate analysis about the factors enfor-
ced the fenestration of LT during surgery (Table 3) (Fig. 1).
Severity of SAH (Fisher grade) and neurological status (Hunt-
Hess grade, GCS score, and GOS) did not have any signifi-
cant difference between Group I and II, and the incidence of
hydrocephalus on admission and the rate of shunting tend to
increase with worsening SAH severity. However, the decre-
ment trend of shunting rate is in inverse proportion to the
severity of patient’s status in Group II which could be caused
by the effect of a confounding factor which was that the hem-
orthage was so severe in poor grade patients that mortality
rate before the shunt surgery increased (Table 1, 2).

We performed the LT fenestration when the patients met
the criteria such as a large amount of SAH, ventricular enlar-
gement on the CT findings, and difficulty of cerebral retrac-
tion during open craniotomy. Since the probability that ac-
companied the hydrocephalus at the time of surgery was higher
in Group I than Group 11, the incidence of hydrocephalus on
admission was higher in Group I with statistical significance
(»=0.0287; OR =3.176). But the Fisher grade was higher in
Group II than Group I even beyond expectations (p=0.2997;
OR=0.5242). Although it might be due to an inter-observ-
er bias about the radiological criteria of Fisher grade, basic
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cause could be considered as a decrease of patients who were
enabled to be operated on about the aneurysmal SAH due
to the increased preoperative mortality in Group I (Fig. 1A).

The case where ventriculostomy was performed was accom-
panied by the LT fenestration during aneurysmal surgery be-
cause cerebral edema made the brain retraction difficult in
most instances (p<0.0001, OR=42.500). Conclusively, when
a lot of intracerebral hemorrhage made severe intracerebral
parenchymal edema and/or acute hydrocephalus aggravated
the cerebral edema, the fenestration of LT could help to get
an adequate operative field. The rate of conversion from acute
hydrocephalus on admission to shunt-dependent hydroce-
phalus had a difference, but the rate of V-P shunt had no sig-
nificant difference between Group I and Group II (p=0.594;
OR=0.7143). LT fenestration and ventriculostomy were con-
comitantly performed in most patients during aneurysmal
surgery in Group I (p<0.0001, OR=42.500).

As mentioned above, this result, which proposed no signifi-
cant correlation between the LT fenestration and progression
of shunt-dependent hydrocephalus, is against those of Ko-
motar et al. (19), Sindou (17) and Tomasello et al. (18). It is
thought that the LT fenestration petformed with ventricu-
lostomy concomitantly as a routine procedure provokes the
efflux of CSF from the ventricles and subarachnoid space. The
reduction of effective circulatory volume of CSF resulted in
a decrease of hematoma toileting from subarachnoid space
during the acute phase of SAH in Group I. It is concluded
that remnant hematoma caused fibrosis of the subarachnoid
space, influenced the progress to the chronic hydrocephalus,
and finally, the incidence of chronic hydrocephalus was not
significantly different between Groups I and II. Though re-
sults of this study are opposite to the previous reports in that
the LT fenestration could reduce the development of chronic
hydrocephalus, this study model is not petformed by prospec-
tive randomized clinical trial and is restricted to SAH patients
with ACoA aneurysms because of an easy feasibility of the
LT fenestration, so it is considered to have an internal limita-
tion because of such a selection bias. In the future, it will be
necessary to prove it statistically using many people as the
subjects of investigation by a case-control study or prospec-
tive and retrospective cohort studies. Several reports have sug-
gested that the LT fenestration during the aneurysmal surgery
can reduce the incidence of shunt-dependent hydrocephalus
(chronic hydrocephalus). However, this study provides micro-
surgical LT fenestration which can play a negative role for re-
ducing the incidence of chronic hydrocephalus.

In conclusion, although the fenestration of LT can be a safe
and easy procedure during ACoA aneurysm operations, the
prophylactic effect for preventing the development of chronic
hydrocephalus is not prominent and potential complications,
including the injury of neighboring vascular structure and
brain parenchyma can occur. Therefore, the neurosurgeons
must give careful consideration to LT fenestration during
surgery for the ruptured ACoA aneurysms.
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