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Abstract: There are reports that in patients with aSAH (aneurysmal subarachnoid
hemorrhage), LTF (lamina terminalis fenestration) reduces the rate of shunt-needed
hydrocephalus via facilitation of CSF (cerebrospinal fluid) dynamic, diminished
leptomeningeal inflammation, and decreased subarachnoid fibrosis. Regarding

the conflicting results, this study was conducted to evaluate the effects of LTF on
decreased shunt-needed hydrocephalus in patients with aSAH. A cross-sectional
retrospective study was carried out to survey all patients with confirmed aSAH
operated from March 2011 to September 2016 in an academic vascular center
(Rasool Akram Hospital in Tehran, Iran). Of a total of 151 patients, 72 patients
were male and 79 were female. The mean age of the participants was 51 years.

A transiently CSF diversion (EVD — external ventricular drainage) was performed
(the acute hydrocephalus rate) on 21 patients (13.9%). In 36 patients (23.8%),
aneurysm occlusion with LTF and in 115 patients (76.2%) only aneurysm occlusion
surgery was performed. In hydrocephalus follow-up after surgery, 13 (12%) patients
needed shunt insertion (the rate of shunt-needed hydrocephalus). The statistical
analysis demonstrated no significant relation between LTF and shunt-needed
hydrocephalus. Confirmation of the hypothesis that LTF may decrease the rate of
shunt-needed hydrocephalus can significantly decrease morbidity, mortality, and
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treatment costs of shunting (that is a simple, but a potentially dangerous procedure).
So, it is advised to plan and perform an RCT (randomized controlled trial) that can
remove the confounding factors, match the groups, and illustrate the exact effect of
LTF on shunt-needed hydrocephalus.

Introduction

Subarachnoid hemorrhage (SAH) is defined as the presence of blood within the
cerebral cisterns and comprises about five percent of all cerebrovascular strokes.
The most common cause of spontaneous SAH is the rupture of the intracranial
aneurysms, aneurysmal SAH (aSAH) (Winn, 2016). The prevalence of this stroke
is about 7-9 per 100,000 person-year (Woernle et al., 2013; Winn, 2016). The
prevalence increases with higher age, and it is more frequent in women than men
in the sixth decade of life. Despite the persisted prevalence, the mortality rate has
decreased, and the estimated case fatality rate is 23—-67%, with a 5% decrease per
year (Winn, 2016).

One of the most important complications following aSAH in patients survived
from the acute phase of the disease is hydrocephalus, with a rate of 6—67%.
Increased age, being a female, high Hunt and Hess (H&H) scale on admission, thick
SAH on initial brain computed tomography (CT) scan, intraventricular hemorrhage
(IVH), hydrocephalus in initial brain CT scan, posterior circulation aneurysm, the
presence of clinical vasospasm, and endovascular treatment are factors related to
the shunt-depended hydrocephalus (Nam et al., 2010; Woernle et al., 2013; Bae
etal, 2014).

According to the studies, most important mechanisms that result in hydrocephalus
include disturbance in cerebrospinal fluid (CSF) dynamic, obstructive mechanisms
due to the presence of blood, disruption in the absorptive mechanisms at the level
of arachnoid granulations, and hemorrhage induced inflammation (Komotar et al.,
2002; Demirgil et al., 2003; Dehdashti et al., 2004; Adams et al., 2016).

It has been demonstrated that 6 to 45% of patients with acute hydrocephalus
require shunt insertion, ultimately (Tapaninaho et al., 1993; Zaidi et al., 2015).
Although shunt insertion is a benign procedure, it can be accompanied by serious
complications such as shunt failure, shunt infection, and repetitive admission
(Tapaninaho et al., 1993; Zaidi et al., 2015). The rate of shunt failure and other
complications have been reported up to 40% for the first year and up to 85% for the
following 10 years (Komotar et al., 2002).

In recent years, reports show that lamina terminalis fenestration (LTF) decreases
the rate of shunt-needed hydrocephalus via the facilitation of CSF dynamic,
diminished leptomeningeal inflammation, and decreased subarachnoid fibrosis
(Komotar et al., 2002). Regarding the conflicting results of the effect of LTF on
shunt-needed hydrocephalus, this study was conducted to evaluate the effects of
LTF on decreased shunt-needed hydrocephalus in patients with aSAH in an academic
center.
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Material and Methods

A cross-sectional retrospective study was performed to survey all patients with
confirmed aSAH operated from March 2011 to September 2016 in an academic
vascular center (Rasool Akram Hospital in Tehran, Iran). The intended data were
collected via the admission hospital files and hospital imaging archives.

All patients with a diagnosis of SAH were included in the study, and the patients
with SAH without confirmed aSAH, the patients with confirmed aSAH who did
not undergo operation for any reason, and the patients with deficient data were
excluded from the study.

Four-vessel brain digital subtraction angiography (DSA) was performed for all
patients, and an aneurysm as a reason for SAH was confirmed.

According to the routine management of patients with SAH in our center, brain
angiography and surgery were performed very soon. Angiography in the same day
or the day after admission and surgery in the same day or the day after performing
the angiography generally depend on the clinical and medical condition of the
patients.

Considering treatment, all the patients underwent craniotomy and microsurgical
clipping of the aneurysm. But, LTF (third ventriculostomy) was performed for some
patients but not all.

LTF or third ventriculostomy was performed after the aneurysm clipping via the
microscopic opening of the anterior wall of the third ventricle located posterior to
the optic chiasma.

To define the clinical status of the patients, clinical scales including the Glasgow
Coma Scale (GCS), World Federation of Neurosurgical Societies (WFNS), and H&H
scales were used, and for grading SAH on CT scan, Fisher grade was used.

The sample size included all patients with aSAH in the aforementioned period.
After collecting the data and required variables, the data were analysed using SPSS
software by a statistic specialist.

Using the statistical formula including chi-square, fissure, independent t-test,
and logistic regression, the data analysed. The significant value for this study was
0.05.

Ethical considerations

Regarding the retrospective nature of this study, we had no intervention or effect on
the patients and patients’ outcomes. Moreover, the institutional ethics committee of
the Iran University of Medical Sciences approved the study. The informed consent
was obtained from all participants.

Results

Considering the inclusion criteria, a total of 320 patients enrolled. After applying
the exclusion criteria, 151 patients who underwent aneurysmal occlusion surgery
(surgical clipping) were surveyed (Figure 1).
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All patients enrolled in the study
during 2011 to 2016

N=320
The excluded case with non-aneurysmal SAH
or incomplete data
N=73
The excluded case with an aneurysm without SAH
v N=11

All patients enrolled in the study
with a diagnosis of aSAH

N=236
The excluded case because of other reasons
(preoperative death, not access to the lamina terminalis,
and ETC)
\4 N=85
All patients studied
N=151

Figure 1 — The consort flow chart of the patients.

The mean interval between admission and surgery was 3.9 days within a range
of 1 to 18 days. Of a total of 151 patients, 72 patients (47.7%) were males and
79 (52.3%) were females. The mean age was 51. In 21 patients (13.9%), a transiently
CSF diversion (EVD — external ventricular drainage) was performed due to acute
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Table 1 - Comparison of some features of two groups: LTF and not LTF

Parameters LTF (n=36) No LTF (n=115) P-value
Age, mean + SD 54.42 £ 11.04 49.97 £13.10 >0.05
male 17 55
Sex female 19 59 ~005
GCS, mean = SD 12.69 13.58 >0.05

1 4 18
2 11 42
E“”t and y 3 12 40 >0.05
ess grade 4 6 14
5 3 1
1 13 54
2 12 34
WFdNS 3 3 8 <0.05
grade 4 4 18
5 4 1
1 1 6
) 2 9 32
Fisher grade 3 14 38 >0.05
4 12 39
yes 10 19
IVH o 2% 95 >0.05
s e / o
on admissio o 29 101 .

(EVD insertion)

LTF — lamina terminalis fenestration; SD — standard deviation; GCS — Glasgow Coma Scale; WFNS — World Federation
of Neurosurgical Societies; IVH — intraventricular hemorrhage; EVD — external ventricular drainage

hydrocephalus (the rate of acute hydrocephalus). Anterior communicating artery
(ACOM) was the most common location of the aneurysm (Figure 2). In 36 patients
(23.8%), aneurysm occlusion surgery with LTF (LTF group) and in 115 patients
(76.2%) only aneurysm occlusion surgery (not LTF group) were performed. Totally,
105 patients (69.5%) were discharged and 46 patients (30.5%) died. In follow-up for
hydrocephalus after surgery, 43 patients died, and 13 (12%) patients needed shunt
insertion (the rate of shunt-needed hydrocephalus).

Table 1 shows the most important baseline features of the patients in two groups.
Comparing the two groups revealed no significant difference.

Comparing the effect LTF on shunting demonstrated that although the rate of
shunt-needed hydrocephalus differed between the two groups of LTF and not LTF,
this difference was not statistically significant. Moreover, the analysis showed no
positive effects of LTF on other variables (Table 2).
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Table 2 - Statistical relation between LTF and some study variables

LTF
Variable Total P-value
yes no
yes 15.4% 11.0% 12.0%
Shunting >0.05
no 84.6% 89.0% 88.0%
discharge 67.0% 70.0% 69.5%
Outcome >0.05
death 33.0% 30.0% 30.5%
Hospitalization (days) 27.06 23.38 >0.05

LTF — lamina terminalis fenestration

Discussion

Hydrocephalus is one of the most important complications in patients who survive
following the acute phase of aSAH. Some factors are related to the shunt-needed
hydrocephalus including increased age, being a female, high H&H grade on admission,
thick SAH on brain CT scan, IVH, hydrocephalus on first brain CT scan, posterior
circulation aneurysm, clinical vasospasm, and endovascular treatment (Nam et al.,
2010; Woernle et al., 2013; Bae et al., 2014).

The hydrocephalus after SAH occurred in up to 67% of the patients. It is divided
into three subgroups according to the time of occurrence: acute (up to day 3),
subacute (day 4 to 13), and chronic (more than 14 days) (Dorai et al., 2003; de
Oliveira et al., 2007; Yang et al., 2013). In the acute phase, some of these patients
require the emergency external ventricular drainage to decrease the ICP (intracranial
pressure). Nevertheless, this acute condition can be spontaneously resolved, or in
some patients, the CSF dynamic interfering mechanisms result in continued raised
ICP that require permanent CSF diversion intervention (Adams et al., 2016).

CSF dynamic disruption is one of the most important reasons for persistent
hydrocephalus. Some studies reported that disruption in CSF dynamic, obstructive
mechanism due to the presence of blood, disruption in the absorptive mechanisms
at the arachnoid granules levels, and hemorrhage induced inflammation are the most
important mechanisms that result in hydrocephalus (Adams et al., 2016). SAH results
in permanent hydrocephalus in about 20% of patients due to leptomeningeal fibrosis
and arachnoidal granules fibrosis and resultantly decreased CSF absorption (Komotar
et al., 2002).

It is noted that 6 to 45% of acute hydrocephalus require shunting. Although the
shunt insertion accounts for a benign process, it can be associated with procedure-
related complications such as shunt failure, infection, repetitive admission, and etc.
(Tapaninaho et al., 1993; Zaidi et al., 2015). Therefore, the risk of shunt failure is
up to 40% in the first year, and up to 85% in the following 10 years (Komotar et al.,
2002).
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Sugawara et al. (2016) reported that 33.8% of their patients required shunting
for shunt-needed hydrocephalus (10.7% hydrocephalus with high pressure and 23%
hydrocephalus with normal pressure).

Adams et al. (2016) surveyed 1,553 patients who survived 14 days after SAH.

The rate of permanent CSF diversion was 17.7%. The mean follow-up was 8 years.
Patients who required shunting had higher age, higher H&H, and fisher grade on
admission, needed more EVD insertion and endovascular treatment, and meningitis
and IVH occurred more in these patients. The mean time to shunt insertion was

33 days. The patients who underwent shunting within the first month were younger,
female, and hydrocephalus on the first brain CT scan compared to the patients
who underwent shunt after 30 days. Multivariate analysis demonstrated that the age
at admission, size of an aneurysm, hydrocephalus on the first brain CT scan, and
meningitis were the independent risk factors for shunt insertion (Adams et al.,
2016).

Komotar et al. published their paper in 2008. The rates of shunt insertion, shunt
conversion, and clinical vasospasm were, respectively, 25, 50, and 23% in patients
who underwent LTF and 20, 27, and 27% in patients without LTF. They concluded
that LTF probably did not have any effect on decreasing the rate of shunt insertion
and vasospasm (Komotar et al., 2008).

Andaluz and Zuccarello (2004) demonstrated that LTF results in a decrease in the
rate of shunting and vasospasm and improves patients after aSAH.

Hatefi et al. (2015) demonstrated that the demographic features, H&H and fissure
grades, the rate of shunt insertion, and clinical vasospasm are the same in groups
with LTF and without LTF.

The rate of acute hydrocephalus needed for surgical intervention for diminishing
ICP was 13.9%. A wide range has been reported for this rate, from 15% in the study
of Komotar et al. (2008) to 63.6% in the study of Czorlich et al. (2015). Comparing
the results and other studies demonstrated the lower rate of acute hydrocephalus in
the present study. Although a part of this difference can be explained with a different
and relative definition of hydrocephalus and difference in planning for surgical
treatment in various centers, planning a suitable clinical trial for surveying the definite
rate of acute hydrocephalus, exhibiting differences, and illustrating the reasons for its
low rate in the patients are required.

The rate of chronic hydrocephalus in our study was 12%. This rate was within
a wide range from 8.4% in the study of Andaluz and Zuccarello (2004) to 37% in
the study of Yoshioka et al. (2000), too. Comparing these results and other studies
demonstrated the lower rate of chronic hydrocephalus in the present study similar
to acute hydrocephalus.

The present study revealed no positive effects of LTF on decreasing the rate of
shunt-needed hydrocephalus. Probably, the low rate of acute hydrocephalus has an
effect on the results. The review of the literature demonstrated paradoxical results;
some reported positive effects and some reported no effects.
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Although a prospective study (Andaluz and Zuccarello, 2004) demonstrated that
the LTF significantly decreases the incidence of post-SAH hydrocephalus, another
study (Komotar et al., 2009) reported no positive effect in a systematic review after
analysis of 1,973 patients. The only randomized double-blind clinical trial performed
demonstrated no positive effect. Table 3 compares the most important studies
performed in this setting.

Conclusion
In summary, the rate of acute hydrocephalus and chronic hydrocephalus was
13.9 and 129%, respectively. LTF demonstrated no effect on decreasing the rate of
chronic hydrocephalus.

Confirming the hypothesis that LTF decreases shunt-needed hydrocephalus
significantly reduces morbidity, mortality, and treatment costs of shunting
(a simple but potentially dangerous procedure). It is advised to plan and perform
a randomized double-blind clinical trial with larger sample size to remove the
confounding factors and homogenize the groups to illustrate the exact effect of LTF
on shunt-needed hydrocephalus.
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