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Shunt overdrainage represents a nebulous condition of variable clinical and imaging presentations, where the
diagnosis is primarily clinical. The condition presents a diagnostic challenge particularly in patients with cogni-
tive impairment and developmental delays. Herewe present a 3-year-old boywith drug-resistant focal onset sei-
zures due to hemimegalencephaly who previously underwent functional hemispherotomy followed by
ventriculoperitoneal shunt placement for postoperative hydrocephalus. The subsequent clinical coursewas com-
plicated by delayed diagnosis of shunt overdrainage in the absence of significant image findings. Maintaining a
high index of suspicion for the possibility of shunt overdrainage is critical even in the face of unremarkable im-
aging findings.
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1. Introduction

Postoperative hydrocephalus is a well-known sequela after a hemi-
spheric disconnection procedure and necessitates ventriculoperitoneal
(VP) shunt placement for cerebrospinal fluid (CSF) diversion [1]. Shunt
overdrainage represents an incompletely understood condition of vari-
able clinical presentations and imaging findings [2]. The diagnosis is pri-
marily clinical [2], and can be challenging to identify in patients with
cognitive impairment and developmental delays, where clinical informa-
tion obtainable from patients and families may be limited. We present a
case of delayed diagnosis of shunt overdrainage in a pediatric patient
whopreviously underwent functional hemispherotomy for drug resistant
focal onset seizures associated with hemimegalencephaly (HME). This
case illustrates the challenge inherent in care of this patient population
and a need for vigilance regarding the possibility of shunt overdrainage.

2. Case report

A 3-year-old boy with a history of right-sided functional
hemispherotomy for focal onset seizures associated with HME and
sity of Iowa Hospitals

.

n open access article under
subsequent hydrocephalus treated with VP shunt placement presented
with episodes of nausea and emesis. The medical history also included
premature birth at 29 weeks, developmental delay, and epilepsy since
1 month of the age (but without a history of infantile spasms). Prior to
this encounter, he had initially been transferred from an outside hospi-
tal to the author's institution at the age of 13monthswith increased sei-
zure frequency refractory to multiple antiseizure drugs. Each seizure
lasted for 30 s to a few minutes, occurred every 1 to 2 h, and involved
left upper extremity jerking, eye blinking, eye deviation to the left,
and lip smacking, along associated with impaired consciousness. On
neurological examination, he was macrocephalic and awake, but non-
verbal. No abnormal skin lesions were noted. He grimaced and with-
drew his extremities from painful stimuli. Electroencephalography
(EEG) showed continuous spikes from the right hemisphere, maximal
at the central area. Magnetic resonance imaging (MRI) showed findings
consistent with HME, including asymmetric hemispheres, larger on the
right side. After the preoperative workup, the patient underwent right-
sided peri-insular functional hemispherotomy (Fig. 1). The pathology
specimen revealed clusters of immature neurons and supportive glial
cells adjacent to periventricular white matter, a nodular arrangement
of irregularly oriented neurons in the amygdala, and gliosis in the hip-
pocampus. These results were consistent with incomplete differentia-
tion and migration of neurons on histopathology in HME. Despite
initial postoperative resolution of the seizures, he experienced seizure
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Fig. 1. T1 axial (A) and coronal (B)MRI images show expected postoperative changes after peri-insular functional hemispherotomywith high T1 signals corresponding to the areas of right
hemispheric disconnection.
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recurrence, and at 3 years of age underwent resection of residual incom-
pletely disconnected tissue at the posteromedial ventral frontal lobe
(both profuse bleeding from tissue resection and distorted brain anato-
myas expected forHMEhad likely resulted in incomplete disconnection
in this area during the first surgery). A few months later, he presented
with an episode of unresponsiveness, followed by episodes of emesis,
with anMRI finding of pseudomeningocele (Fig. 2A). Lumbar puncture
revealed an opening pressure of 28 cm of H2O, concerning for hydro-
cephalus. He underwent left frontal VP shunt placement for CSF di-
version, with a Strata valve (Medtronic, Inc., USA) programmed at
1.5 (the setting can be adjusted to a different level as necessary
with an external magnet from 0.5 up to 2.5 in 0.5 increments; the
higher the setting of the valve, the more resistance to the CSF flow
and thus less flow; the setting at 1.5 provides an opening pressure
of about 7 and 9 cm of H2O when a patient is lying or standing,
respectively).

It was several weeks after the shunt placement that he presented to
the emergency room (ER) for evaluation of episodes of nausea and eme-
sis. The clinical and imaging workup were unremarkable, including
shunt series and axial T2 MRI that showed an expected decrease in
the size of the ventricles and pseudomeningocele (Fig. 2B). The symp-
toms spontaneously resolved, and he was discharged from the ER. He
was brought back a few days later with vomiting as well as drowsiness
Fig. 2. Axial T2 MRI images obtained just before the shunt placement (A), about 10 days after t
valve re-adjustment (C), and about 3months after the valve re-programming (D) show overall
in the size of the ventricles and pseudomeningocele. Thewhite arrow in (A) points to a pseudom
location the ventricular catheter tip (The catheter tip is not shown in this particular image slic
and abnormal eye movements. The workup was unremarkable again,
including a nuclear shuntogram. The opening pressure at the time of
the shuntgramdye injectionwas 7 cmof H2O. A gastroenterologywork-
up was also unremarkable. Hewas discharged after an overnight obser-
vation. He continued to have intermittent episodes every two to three
weeks, lasting minutes to an hour and involving vomiting, loss of con-
sciousness, and unresponsiveness, followed each time by spontaneous
resolution of the symptoms. These episodes required multiple evalua-
tions at the ER which continued to show the overall stable neuroimag-
ing findings (Fig. 2C). Although the possibility of intermittent shunt
malfunction was considered, the imaging studies were always unre-
markable. Intracranial pressure (ICP) monitoring was not felt to be
high yield, given the intermittent and infrequent nature of the presenta-
tions. About 5 months after the shunt placement, the Strata valve was
re-adjusted from 1.5 up to 2.0 (i.e. higher resistance to the CSF flow
and thus less CSF flow; the setting at 2.0 provides an opening pressure
of about 10.5 and 12.5 cmof H2Owhen a patient is lying or standing, re-
spectively) to evaluate for the possibility of shunt overdrainage. The pa-
tient has not experienced recurrence of the episodes for over one year
since the re-programming of the valve. The ventricular size was noted
to be stable 3 months after the valve re-adjustment (Fig. 2D). The pa-
tient has also continued to be seizure-free since the second surgery
completing the hemispherotomy.
he shunt surgery (B), about 5 months after the surgery and immediately before the shunt
stable ventricular size and configuration, except an initial expected postoperative decrease
eningocele at the prior operative site, and thewhite arrow in (B) points to the approximate
e).
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3. Discussion

Hydrocephalus requiring CSF diversion continues to be a possible se-
quela of hemispheric disconnection (about 20% for functional hemi-
spherectomy versus 30% for anatomic hemispherectomy) despite a
decreased incidence of postoperative hydrocephalus due to the techni-
cal improvements that rely more on disconnection and minimize tissue
resection (i.e. functional hemispherotomy) [1]. Peri-insular functional
hemispherotomy, performed in this case, represents one of themodern
variants of functional hemispherotomy [3]. Functional hemispherotomy
is performed to treat drug resistant epilepsy resulting from various
medical conditions, including HME [4]. HME is a rare congenital condi-
tion involving abnormal development and malformation of the brain
characterized by abnormal englargement of an affected entire hemi-
sphere [4]. These patients typically present with drug resistant epilepsy,
cognitive impairments, and contralateral motor deficits. The severe ep-
ilepsy justifies early surgical intervention [4].

The patient in this report promptly underwent peri-insular function-
al hemispherotomy, followed by an unremarkable postoperative course
and seizure resolution. The surgical intervention forHME is known to be
highly challenging because of the increased size and consistency of the
affected hemisphere making surgical manipulations difficult [4]. In ad-
dition, increased vascularity and more fragile vasculature may result
in greater intraoperative blood loss [4]. The distorted anatomy also con-
tributes to the difficulty of the surgery, particularly in disconnection of
the posterior frontal base regionwhere no clear boundary can be appre-
ciated between the graymatter of the frontal lobe and that of the hypo-
thalamus aswell as the basal ganglia [4]. This patient required resection
of the remaining posteromedial ventral frontal lobe to complete
hemispherotomy after recurrence of the seizures.

In addition to the type of hemispheric disconnection (i.e. functional
versus anatomic hemispherectomy), the etiology necessitating the pro-
cedure is known to be associated with subsequent development of hy-
drocephalus requiring CSF diversion [5]. A higher rate of need for CSF
diversion has been reported after hemispherectomy for HME (i.e. 40%)
[5]. The patient in this case presented after the second surgery with
the clinical and imagingfindings, concerning for hydrocephalus, namely
decreased responsiveness, emesis, and pseudomeningocele. Increased
CSF pressure was confirmedwith the opening pressure of lumbar punc-
ture. The time course of development of hydrocephalus requiring shunt
placement after hemispherectomy is known to be variable, and has
been reported to vary from the immediate postoperative time to
8.5 years after the procedure [1].

Shunt overdrainage is a condition with various clinical presenta-
tions, ranging from mild to very severe symptoms, often requiring
multiple evaluations and admission in some cases [2]. The condition
typically presents with postural headache as well as nausea, emesis,
and irritability, exacerbated in an upright position and alleviated in a su-
pine position [2]. The diagnosis is primarily clinical [2], but clinical infor-
mation obtainable from patients with cognitive impairment and
developmental delays may be limited. Imaging studies may reveal slit
ventricles in some patients, but others may have normal or enlarged
ventricles [2]. The lack of sensitive and specific neuroimaging findings
complicates the diagnosis. Intermittent symptoms are considered to
be a result of intermittent shunt occlusion caused by collapsed ventricle
obstructing inlet port of the ventricular tube. In this case, because of the
large brain tissue defect that resulted from the hemispherotomy, the
imaging studies did not appear to show a slit ventricle. The infrequent
and intermittent nature of the symptoms made continuous invasive
ICP monitoring not realistically feasible. Furthermore, the ventricular
size may be stable even after shunt overdrainage is addressed and the
associated symptoms improve [2]. In this case, the ventricular size
continued to appear to remain stable even after the Strata valve adjust-
ment and symptom resolution, except for initial expected postoperative
decrease. Care providers must remain cognizant of the possibility of
shunt overdrainage, especially in patients with cognitive impairment
and developmental delays regardless of the size of ventricles.
4. Conclusion

Postoperative hydrocephalus requiring CSF diversion is a well-
recognized phenomenon after hemispheric disconnection for drug re-
sistant epilepsy. Shunt overdrainage represents a nebulous condition
of variable clinical and imaging presentations, where the diagnosis is
primarily clinical. Taking a detailed history and maintaining a high
index of suspicion for the possibility of shunt overdrainage are critical
for improving outcomes.
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