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Abstract

Objectives: Due to increased number of patients suffering from hydrocephalus (HCP) and lack of data concerning
volumetric changes after shunting operations, this study aims to assess the volumetric changes in brain ventricles
after successful ventriculoperitoneal (VP) shunt surgery in correlation with clinical improvement.

Patient and methods: This study included 20 patients; all of them are below the age of 2 years. All the patients
had hydrocephalus, were treated surgically with VP shunts, and have clinically improved over the period of study.
We measured the volumetric changes radiologically using the fronto-occipital horn ratio (FOHR) over a period of 6
months postoperatively.

Results: The frontal and occipital horn ratio was calculated in all these patients both pre and postoperatively. There
was a significant radiological improvement in the majority of children after the shunt operation. One month
postoperatively, the FOHR decreased to about 85% of its preoperative value in average. The FOHR was found to be
significantly improving with time over a period of 6 months reaching 63% of its preoperative value.

Conclusion: Successful treatment of HCP in infants via VPS seems to be of benefit in decreasing the ventricular size
gradually to a near normal FOHR with clinical improvement.
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Introduction
Hydrocephalus is a common brain disorder especially in
low- and middle-income countries (123 per 100,000
births) that results from discrepancy between cerebro-
spinal fluid (CSF) production and absorption, with sub-
sequent accumulation of fluid in the cranial cavity and
enlargement of ventricles [1, 2].
Infants and children presented with manifest radio-

logical hydrocephalic changes would require a CSF
shunting procedure which remains the treatment of
choice for most children, despite the dissatisfaction with
its long-term outcome [3–6].
CSF diversion in hydrocephalic children reduces the

volume of the ventricles with subsequent improvement

in neurological and intellectual functions. However, vari-
ation in the long-term outcome was reported, raising the
need for a radiological parameter to predict the clinical
outcome after surgery [6–10].
Measurement of ventricular size is important in

pediatric patients with hydrocephalus. Especially those
followed up with CSF shunts, ventricular volume meas-
urement was reported in adults’ and infants’ hydroceph-
alus; magnetic resonance imaging (MRI) was frequently
used in addition to computed tomography (CT) for this
purpose [11–15]. Sequential ventricular volume assess-
ment was beneficial to assess the outcome after shunting
surgery; besides, it was used to predict impending shunt
failure [16, 17]. Assessment of different CSF diversion
surgeries was performed by ventricular volume change
analysis; also, the pressure of shunts used were further
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validated by the reduction of ventricular volume mea-
surements [16–18].
We aim in this study to measure the volumetric

changes in ventricles which accompany clinical improve-
ment after a successful ventriculoperitoneal shunt (VPS)
surgery in infants under 2 years old.

Patient and methods
Prospective case series study was carried out in the Depart-
ment of Neurosurgery at Menoufia University Hospital
and Mansoura International Hospital after obtaining ap-
proval of the Ethics Committee. Patients who are under 2
years old with hydrocephalus and were managed surgically
with VPS surgery and completed the follow-up for 6
months during the period from April 2016 to April 2018
were included in the study.
A written informed consent was obtained from all par-

ticipants’ families after explanation of the benefits and de-
scription of the study protocol. Inclusion criteria included
a working VP shunt all over the 6months with clinical im-
provement. The exclusion criteria included brain tumors,
subarachnoid hemorrhage or infection as a primary cause
for hydrocephalic changes, history for concomitant
meningeocele, and multilocular hydrocephalus.
The surgical procedure was standardized as far as pos-

sible to allow comparability. The operations were per-
formed under general anesthesia in supine position in
completely aseptic conditions.
The volumetric changes in brain ventricles were

assessed via the fronto-occipital horn ratio (FOHR), a ra-
tio which averages the frontal and occipital horn width

divided by twice the interparietal diameter as demon-
strated in Fig. 1, measured in follow-up CT brain done
at the end of the first month and the end of the sixth
month comparing it to the FOHR measured preopera-
tively assessing the percentage of improvement with the
ongoing clinical improvement.
Data were statistically described in terms of range,

mean, standard deviation (SD), median, frequencies
(number of cases), and percentages when appropriate.
Student t test of significance was used to determine p
value of head circumference changes.

Results
Twenty children who underwent ventriculoperitoneal
shunts for congenital hydrocephalus and who have clin-
ically improved along the period of follow-up were stud-
ied. The results were analyzed. The postoperative
neurological improvement was correlated with radio-
logical findings.
The study included 12 males (60%) and 8 females

(40%). Progressive increase in head size was the most
common symptom in the examined group. Five (25%) of
the children had gross delay in milestones at the time of
admission. Seven patients (35%) had symptoms of in-
creased intracranial tension and 2 (10%) had preopera-
tive seizures (Table 1).
Head circumference was closely observed in children

as a single very important predicting factor. It ranged
from 37 cm to 52 cm preoperatively with mean value of
44.5 cm (Table 2), and over a period of follow-up to 6
months, the head circumference significantly improved

Fig. 1 Anatomical landmark and measurement set for the fronto-occipital horn ratio (FOHR) ratio when measured on CT brain
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ranging from 32cm to 42 cm with average circumference
of 35.4 cm (Table 3).
The frontal and occipital horn ratio was calculated in

all these patients both preoperatively and postopera-
tively. There was a significant improvement in almost all
the children after the shunt. One month postoperatively,
the FOHR decreased to about 85% of its preoperative
value in average with the best improvement at 80%.
The FOHR was found to be significantly improving

with time in uncomplicated patients over a period of 6
months reaching 63% of its preoperative value with the
mean percentage of improvement 36% (Table 3).
A representative case was studied of a one-year-old

male infant who was delivered by cesarean section and
was admitted to neonatal ICU for 7 days for respiratory
distress management, then was discharged after im-
provement. He was presented with a large head inappro-
priate for age and inability to support sitting position.
On physical examination, the HC was 48 cm with bul-
ging AF. Preoperative CT brain was showing communi-
cating HCP with FOHR = 0.758 (Fig. 2a).
The patient was managed surgically with VP shunt

with no postoperative complications, and the AF was flat
and non-tense. The child was followed up for 6 months
postoperative. One month postoperative, the FOHR de-
creased to be 0.615, and the HC was decreasing to reach
46 cm at the end of the first month postoperative (Fig.
2b), while 6 months postoperative, the FOHR improved
to reach 0.492 and the HC was 45 cm with a well work-
ing VP shunt by examination (Fig. 2c).

Discussion
CSF diversion in hydrocephalic children reduces the
ventricular dilatation. Though improvement in neuro-
logical and intellectual functioning is often seen, our 20
infants were all submitted to VP shunt surgery with the

ventricular end in the lateral ventricle and the distal end
intraperitoneal. Previous reports said that the standard
treatment of congenital hydrocephalus is CSF diversion-
ary device with a pressure-regulating valve, commonly
known as a shunt [1, 19]. In addition, Kiesler J, Ricor R
[20], said that the growth of the cranium is triggered by
the pressure of the growing brain and HC is an import-
ant indicator of brain development.
In our study, HC was a main clinical issue that we

gave an ultimate care to measure regularly both before
and after surgery. Eighteen (90%) of the children had en-
larged HC before they were submitted to shunt surgery
with the least measured HC value at 37 cm and the most
one at 52 cm.
In postoperative follow-up over a period of 6 months,

HC evidently improved with measurements ranging
from 32 cm in its lowest value up to 42 cm.
Thompson et al. [21] reported an inverse correlation

of the ventricle–brain ratio (VBR) with the Bayley Men-
tal Scale showing a correlation between brain mass and
IQ in older children with uncomplicated hydrocephalus
in their series. Additionally, O’Hayon B.B et al. [22] have
found that the frontal and occipital horn ratio is a simple
method of evaluating ventricular size in pediatric hydro-
cephalus patients with CSF shunts. They said that it is
the best linear correlation with ventricular size (r =
0.852) and was equivalent to the ventricular–brain ratio
(r = 0.891), previously shown to have the highest correl-
ation with ventricular volume [22].
In our study, we depended on the FOHR as our reliable

diagnostic tool for measuring the volumetric changes in
brain ventricles. The initial measurement of the FOHR be-
fore surgery showed that it ranged from 0.536 to 0.785
with mean value of 0.67. No significant changes were ob-
served concerning the size of the already dilated ventricles
in the early postoperative period (within the first week
postoperative); meanwhile, there were some signs denot-
ing that there was a decrease in intracranial tension as
white and gray matter differentiation in addition to prom-
inent sulci and gyri. Along the course of follow-up of our
patients, changes in the ventricular volume by the end of
the first month postoperatively, the FOHR decreased to
about 85% of its preoperative value in average with the
best improvement at 80%.

Table 1 Presentation of hydrocephalic children in our study

Presenting symptoms n (Percentage)

Progressive increase in head size 18 (90%)

Retardation of milestones 5 (25%)

Symptoms of increased ICT 7 (35%)

Seizures 2 (10%)

Table 2 Head circumference change after successful shunting

Head circumference
pre-operative

Head circumference
6 months postoperative

Range 37–52 cm 32–42 cm

Mean 44.5 cm 35.4 cm

SD 4.62 3.20

P value < 0.001

F = 1.150, DFn = 19, Dfd = 10

Table 3 Fronto-occipital horn ratio, an anatomical and
radiological assessment parameter

FOHR values

Lowest
value

Highest
value

Mean Mean percentage
of improvement

Preoperative 0.536 0.785 0.67 -

One month postop. 0.471 0.651 0.569 15%

Six months postop. 0.2 0.58 0.427 36%
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Gradual changes occurred and increased with time to-
gether with the improvement in the child’s physical and
mental development The FOHR was found to signifi-
cantly improve with time over the 6 months with the
mean value at 0.427 in comparison to a mean of 0.67 be-
fore children were submitted to shunt operation.

Limitations
In the follow-up of children treated surgically with VP
shunt for hydrocephalus, different scales as Bayley Scales of
infant development and Gesell Developmental Schedules
are considered. The schedules cover major areas of behav-
ioral development, namely, motor, adaptive, language, per-
sonal, and social development. It involves a standardized
procedure of observing and evaluating the various elements
of behavior in the child. It includes tests, as well as observa-
tions of the child. These schedules are applicable for chil-
dren from the age of 4months to 6 years.
In our study, we could not apply all the aspects of

these scales as it needed expert pediatricians and
pediatric psychiatrists, so we depended in follow-up and
in choosing our clinically improved children on more
applicable parameters for us as signs of increased ICT in
the early postoperative stage, the motor activity, which
measures the motor abilities, such as sitting, standing,
walking, and so on in addition to repeated measure-
ments of HC correlating it to its chronological age. The
mental development of children was assessed roughly by
noticing their attention to the surrounding effects as
verbal, sound, and light stimulants beside their reactivity
to the surrounding persons.

Conclusion
Hydrocephalus remains one of the most challenging and
the most common neurosurgical condition in children.
Surgical management of HCP with VPS is the most
beneficial way in treatment. The aim of management of
hydrocephalus is to achieve total clinical recovery and to
obtain normal to near-normal intellectual development.
Successful treatment of HCP in infants via VPS seems to
be of benefit in decreasing the ventricular size to a near-
normal FOHR with clinical improvement.

Recommendations
We recommend further multi-centric studies using lar-
ger number of patients and for a longer period of
follow-up as we were limited by the number of patients
due to lack of culture of follow-up of our patients and
the limitation of follow-up duration that was 6 months.
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