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ABSTRACT

Arachnoid collapse is a previously unreported complication of endoscopic choroid plexus coagulation (ECPC) treatment of hydranencephaly
and is demonstrated in this case report. The variable anatomy found in hydranencephaly supports the use of ECPC as the preferred treatment
option. However, the same anatomical anomalies predispose the procedure to this unique complication. A brief literature review of
hydranencephaly has also been performed and is reported through the discussion. Neurosurgeons must be aware of this very dangerous
complication and a discussion of preventative measures are made. The use of ECPC and the clinical expectations of treating patients with
hydranencephaly is also discussed.
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(074
Araknoid kolaps, hidrosefalinin endoskopik koroid pleksus koagiilasyonu (ECPC) ile tedavisinin daha 6nce bildiriimemis bir komplikasyonudur
ve bu olgu raporunda bildirilmektedir. Hidranensefalideki degisken anatomi, tercih edilen tedavi secenegi olarak ECPC kullanimini destek-

lemektedir. Ancak ayni anatomik anomaliler islem sirasinda s6zkonusu komplikasyon agisindan bir yatkinlik olusturmaktadir. Hidranensefali
icin kisa bir literatlr derlemesi yapilmistir ve tartismada verilmektedir. Beyin ve sinir cerrahlarinin bu ¢ok tehlikeli komplikasyondan haberdar

olmasi gerekir ve dnlemler tartisilmistir. Hidranensefali hastalarin tedavisinde ECPC kullanimi ve klinik beklentiler de agiklanmaktadir.
ANAHTAR SOZCUKLER: Araknoid kollaps, Koroid pleksus, Endoskopik koroid pleksus koagiilasyonu, Hidranensefali, Néroendoskopi

INTRODUCTION

An uncommon, but not unseen disease entity in the neonatal
intensive care unitis the neurological congenital malformation
of hydranencephaly. Hydranencephaly is a malformation
of the central nervous system that results from errors of
embryonic development post-neuralation (5). It has been
proposed that the embryonic occlusion of the carotid arteries
is the probable etiology of the disease based on the finding
that only those structures supplied by posterior cerebral
arteries form (3). The major and defining characteristics of
hydranencephaly include an almost or complete lack of
cortical mantle, specifically the cerebral hemispheres (3,5,8).
It is generally accepted that in hydranencephaly, if there is
any remaining cortex present, it will not be functioning (6,9).
While the cerebral hemispheres are missing, this disease
presents with the cranium and meninges completely intact
(5,8). Hydranencephaly is also characterized by the presence
of varying degrees of brainstem, thalamus, hypothalamus,
and cerebellum (3,5,8). In addition to these findings there are
no other facial or cranial abnormalities consistently associated
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with this disease. In fact this can be a very important clinical
feature used in diagnosing this disease, (6) specifically in
differentiating it from other congenital malformations, most
importantly from severe hydrocephalus which presents with
small cortical mantle (2).

A search of the literature reveals that there have been no
large-scale studies on the life expectancy of infants with
hydranencephaly. The current medical texts and limited
literature seem to point to a general consensus that there
is a significantly reduced life expectancy of individuals with
hydranencephaly - mostly due to stillbirths or death within
a few weeks of birth (5,6,8). Malheiros, et al. also reported
that those infants who survive the first few weeks of life
still have a very poor prognosis and often die early from
various complications, including pneumonia (5). While this
has not been disproven as the norm, there are multiple case
reports of exceptions to this prognosis, perhaps implying a
more common possibility of increased life expectancies.
McAbee, et al. reports two cases of prolonged survival in
hydranencephaly, patients of twenty-four and sixty-six
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months (6). The literature review also described that while
survival can occur up to nineteen years of age, there is no
improvement in neurological condition (6). This lack of
improved neurological status leads to the ethical dilemmas
that often confound treatment decision-making for both
the physicians and families. It is important to note that the
possibility of prolonged life correlates well with the anatomy
associated with the disease. The fact that prolonged survival is
possible confirms that as McAbee, et al. reported “the circuits
necessary for maintenance of temperature, blood pressure,
and cardiorespiratory functions are, at least in part, functional
in prolonged survivors” (6).

This case report will examine two very important facets of the
rare disease process of hydranencephaly - survival potential
and treatment via endoscopic choroid plexus coagulation
(ECPC). The case presented demonstrates a previously
unreported complication of ECPC - arachnoid collapse. The
anatomical anomalies found in hydranencephaly do support
the use of ECPC yet at the same time predispose the procedure
to this unique complication. A qualitative literature review of
hydranencephaly has also been performed and is reported
through this discussion. The goal of this report is to provide
neurosurgeons with the awareness of a complication to ECPC
that they likely have never encountered, as well as discuss the
use of ECPC and the clinical expectations of treating patients
with hydranencephaly.

CASE REPORT

This patient was born full-term by cesarean section. The
pregnancy was complicated by gestational diabetes and
obesity. Of note, the mother’s prenatal treatment included
insulin. A diagnosis of hydranencephaly was made on a
prenatal ultrasound. The neurosurgery team was consulted
by the NICU staff and the patient was found to have severe
macrocephaly (FOC of 52 cm), dilated veins, sunset sign,
bulging fontanel with sutural diastasis, palpable spine
deformity of hemi-vertebra, and costal anomalies. A CT scan
of the head showed evidence of a Chiari Malformation. A
CT scan of the spine showed hemi-vertebra. Other studies
revealed two undescended testes in the inguinal canals, a
slightly enlarged heart, an atrial septal defect, ventricular
septal defect, aortic stenosis, truncus arteriosus, quadricuspid
aortic valve, and bilateral infiltrates in the lungs. A portable
head ultrasound through the anterior fontanel revealed a
large cystic area with a thin rim of cerebral parenchyma and
that the thalami and basal ganglia were partially fused (Figure
1,2). These findings were confirmed with magnetic resonance
imaging (Figures 3-5).

Approximately twelve hours prior to being taken for surgery,
a transfontanel tap was performed until the fontanel was soft.
The patient tolerated this procedure and no complications
were noted. The patient was taken to the operating room for
endoscopic coagulation of the choroid plexus. The patient
was prone with the head of bed raised approximately 20
degrees above horizontal. Upon opening the layers a distinct
skin, thin periosteal layer, and dura was observed (without the
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presence of bone). Through the dura a typically appearing
large subdural fluid collection was observed. Two sutures
were placed with 4-0 nurolon to secure the arachnoid layer
to the dura to prevent collapse of the arachnoid. After this
the dura and arachnoid were incised and the endoscope
was inserted. (Figure 6) Irrigation of lactated ringer solution

Figure 1: Sagittal midline ultrasound demonstrating the intact
arachnoid preoperatively.
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Figure 2: Coronal anterior to posterior ultrasound demonstrating
the intact arachnoid preoperatively.

Figure 3: Sagittal T1 weighted MRI demonstrating hydranen-
cephaly, pre-operative image.
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at body temperature was flowing. The right choroid plexus
was identified and coagulated using electro-cautery. Upon
slightly withdrawing the endoscope to gain an angle to
visualize the left choroid plexus, the endoscopic view became
very dark despite a functioning light. By visualizing the
endoscope with loupes, it was apparent that the arachnoid
layer was lying on the endoscope. At this point the arachnoid
edges began bleeding and could not be controlled with the
endoscope, so the endoscopic approach was abandoned and
a microscope was utilized. Hemostasis was obtained with the
use of the microscope. The procedure was completed with
the microscope, including coagulation of a portion of the
left choroid plexus and then it was tried unsuccessfully to
clean the edges of the arachnoid. After the cranium was filled
with lactated ringers solution, the incision was closed and

Figure 4: Axial T1 weighted MRI demonstrating hydranencephaly,
pre-operative image.

Figure 5: Axial T1 weighted MRl demonstrating hydranencephaly,
pre-operative image.
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a reservoir was placed to the large fluid filled cavity. A post-
operative ultrasound clearly demonstrated the collapsed
arachnoid (Figure 7, 8). Approximately one month later the
infant died of cardiogenic shock related to his heart anomalies.

L |

Figure 6:Intraoperativeimage taken by anesthesiologist showing
illumination of the head due to the lack of brain parenchyma.
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Figure 7: Sagittal midline ultrasound demonstrating the col-
lapsed arachnoid post-operatively.

Right Sag

Figure 8: Coronal anterior to posterior ultrasound demonstrating
the collapsed arachnoid post-operatively.
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DISCUSSION

Hydranencephaly often presents with macrocephaly (8) - in-
cluding a very large cranial vault (5) — and the distinguishing
radiological finding of massively enlarged, lateral ventricles
that appear to be a giant cerebrospinal fluid (CSF) filled sac.
This radiologic finding is characteristic of both hydranen-
cephaly and near-hydranencephaly, which for the purpose of
this report will be considered as the same (5). Near hydranen-
cephaly has also been called maximal hydrocephalus in the
literature (5). These patients can demonstrate the spectrum
of hydranencephaly to maximal hydrocephalus. While some
patients demonstrate a minimal yet clear layer of cortex, this
case demonstrated no such findings on MRI. Several authors
have suggested that EEG studies, combined with outcomes
from standard treatments, could be used to precisely define
the two similar conditions (9). Malheiros, et al., reports, “When
hydranencephaly coexists with hydrocephalus secondary to
aqueductal stenosis, it is typically accompanied by rapid en-
largement of the head both in utero and after birth” (5). Clini-
cally speaking, both conditions require immediate treatment
due to the presence of both excessive head growth and in-
creased intracranial pressure (5).

It is both the unique anatomical findings associated with
hydranencephaly and the possibility of prolonged life
expectancy that drives the use of ECPC in treating this
condition. It is accepted by most neurosurgeons that the
ultimate goal of treatment is reduction of CSF production
to gain reduced intracranial pressure and reduced head size.
While shunting is an option, the literature shows a trend away
from this (3, 5, 7, 8). Ultimately shunts have been shown to
have many complications (8) and require multiple surgeries
- a significant complication in this population - which is
understandably undesirable and unnecessarily expensive
(5,8). in a patient with no prospect of gaining neurological
improvement. Albright et al. first reported that ECPC could
successfully control the CSF production and thus increased
intracranial pressure in patients with hydranencephaly (1).
Wellons et al. also later described successful use of ECPC in
treating patients with hydranencephaly (10). The significant
progress that has been made in the realm of neuro-endoscopic
procedures has once again placed ECPC as a primary method
for treating hydrocephalus. Sandberg et al. reports a study in
which the outcomes of utilizing ECPC were better than those
of patients treated with shunting (8).

The use of ECPC has demonstrated the ability to manage the
excessive production of CSF that characterizes the disease
process hydranencephaly. The main challenge to treating
hydranencephaly is the ethical question of increasing health
care costs without expectations of significant improvements
to quality of life. Although this report is not intended to
provide a detailed ethical discussion of care for severely
ill patients, it does provide some justification for the use of
ECPC as compared to other methods for treating excessive
CSF production. While shunting is still a viable option for
these patients, some studies have reported that as many as
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81% of pediatric patients who receive a ventriculo-peritoneal
(VP) shunt will require revision within 12 years (4). In addition,
approximately 25-40% of pediatric patients will undergo
revision in only one year (4).

A few anatomical characteristics of hydranencephaly lead to
the benefits of ECPC being much greater than when utilizing
ECPC in infants with other forms of hydrocephalus. First,
the lack of hemispheric separation, specifically the septum
pellucidum, allows for easy access to perform a bilateral
ECPC (7). Secondly, the significant lack of brain parenchyma
means that in these infants the choroid plexus truly is the
major source of CSF, which is generally accepted to be untrue
in individuals with normal brain development (8). However,
it is this lack of cortex that predisposes these patients to the
ECPC complication of arachnoid collapse. Regardless of the
approach used to access the choroid plexus, the dural sac will
be opened and thus CSF will be released. This instant change
in pressure creates an immediate risk of collapse of the
arachnoid both from reduced pressure within the fluid-filled
sac,and also the potential space created between the duraand
arachnoid. The issue of an arachnoid collapse is a significant
complication in that it prevents access to the choroid plexus
and can prevent access to any bleeding from vasculature
within the fluid-filled sac. Ultimately, an arachnoid collapse
prevents successful completion of an endoscopic approach
and requires an enlarged craniotomy to allow access for a
long dissection of layers and completion of the CPC. Further
studies are needed to fully develop techniques to prevent
arachnoid collapse. In this case the arachnoid was sutured to
the dura as a preventative measure, but arachnoid collapse
still occurred. The rarity of hydranencephaly precludes large
prospective studies. Awareness of this potential complication
can enable surgeons to both anticipate the occurrence of
this complication and take steps to prevent it, such as fully
securing the arachnoid to the dura at multiple locations
around the entry point. Also, remaining aware of this potential
complication should cause the surgeon to be conscious of the
endoscope placing pressure on the edge of the dural opening.
The use of profuse irrigating throughout the procedure will
also work to maintain pressure within the fluid sac, which
should help to prevent the arachnoid from collapsing.

Malheiros et al. concluded in their study that ECPC is a
safe procedure that should be utilized in the treatment of
hydranencephaly (5,8). Morota et al. stated that ECPC could
be the surgical treatment of choice for forms of severe
hydrocephalus such as hydranencephaly (7). He further states
that favorable candidates for ECPC include severely advanced
hydrocephalus such as hydroanencephalichydrocephalusand
those who have a lack of or thinned out septum pellucidum to
make the bilateral endoscopic coagulation possible (7). Based
on the lack of previous reports of arachnoid collapse make
the authors of this report confident it is a rare occurrence; yet
it still remains one that should be planned for.

It is becoming nearly impossible to claim that patients with
hydranencephaly cannot live for prolonged periods of time.
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Due to this prolonged survival potential, waiting to perform
the ECPC until the child has further developed may reduce the
risk of arachnoid collapse because of the expected increased
adherence of the arachnoid to the dura. The prolonged
survival presented through other studies warrants a large
multi-center study to accurately determine the survival
potential of patients diagnosed with hydranencephaly.
Despite the outcome reported in this case, previous studies
clearly demonstrate that ECPC should continue to be utilized
as the preferred method of treatment for patients with
hydranencephaly.
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