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Abstract
Background Severe macrocephaly can still be found in developing countries. This condition is usually caused by neglected 
hydrocephalus and can cause a lot of morbidities. Cranial vault reconstruction cranioplasty is the main treatment option for 
severe macrocephaly.
Holoprosencephaly is often seen with features of microcephaly. Hydrocephalus should be considered as the main cause in 
HPE patients with features of macrocephaly. In this report, we present a rare case of cranial vault reduction cranioplasty 
procedure in patient with severe macrocephaly due to holoprosencephaly and subdural hygroma.
Case description A 4-year-10-month-old Indonesian boy was admitted with head enlargement since birth. He had a history 
of VP shunt placement when he was 3 months old. But the condition was neglected. Preoperative head CT showed massive 
bilateral subdural hygroma that compressed brain parenchyma caudally. From the craniometric calculation, the occipital 
frontal circumference was 70.5 cm with prominent vertex expansion, the distance between nasion to inion was 11.91 cm and 
the vertical height was 25.59 cm. The preoperative cranial volume was 24.611 cc. The patient underwent subdural hygroma 
evacuation and cranial vault reduction cranioplasty. The postoperative cranial volume was 10.468 cc.
Conclusion Subdural hygroma can be a rare cause of severe macrocephaly in holoprosencephaly patients. Cranial vault reduc-
tion cranioplasty and subdural hygroma evacuation is still the main treatment option. Our procedure successfully reduces 
significant cranial volume (57.46% volume reduction).
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Introduction

Macrocephaly is defined as an abnormally large head with an 
occipital frontal circumference (OFC) more than 2 standard 
deviations above the mean or above the 97th percentile for 
age and sex. Macrocephaly is a fairly common condition 
in the pediatric population with an incidence rate of 2–5%. 
Many types of diseases can cause macrocephaly, varying 
from benign to more severe conditions [1, 2].

Holoprosencephaly (HPE) is the most common congeni-
tal anomaly of the forebrain development, resulting from 

incomplete separation of the prosencephalon, and associated 
with neurologic impairment and malformation of the brain 
and craniofacial structure. Microcephaly is often present as 
craniofacial malformations in HPE [3–5]. In HPE patients 
with normal head size or macrocephaly, hydrocephalus 
should be considered as the main cause [3, 4]. Subdural 
hygroma or subarachnoid enlargement can also be found in 
HPE; however, it rarely causes macrocephaly [6].

Severe macrocephaly (OFC > 60 cm) is rarely found in 
developed countries. But it is still often found in developing 
countries like Indonesia. Several factors can be the cause, 
such as socioeconomic, education, or difficulty in accessing 
health care services [7]. Severe macrocephaly often causes 
many morbidities in the patient. Due to mobilization dif-
ficulties, patients are often only able to lie in bed. Difficul-
ties in nursing care, motor development, and cosmetics are 
also becoming problems for these patients. Cranial vault 
reduction cranioplasty surgery is often needed to reduce the 
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cranial volume in an effort to decrease the associated mor-
bidities [7, 8]. In this case report, we present a rare case of 
cranial vault reduction cranioplasty procedure in a patient 
with severe macrocephaly due to holoprosencephaly and 
subdural hygroma.

Case presentation

A 4-year-10-month-old Indonesian boy was admitted with 
head enlargement since birth. The patient also complained 
of vomiting and had a history of persistent seizures. The 
patient was referred from another hospital, where he had a 
history of VP shunt placement due to HPE-related hydro-
cephalus when he was 3 months old. After the operation, the 

patient was neglected; he was never brought to the hospital 
and never re-examined by a neurosurgeon. The family said 
that after VP shunt placement, the patient’s head still tended 
to be enlarged.

On examination, he was fully conscious with GCS 15, 
but accompanied by developmental delay. The patient could 
only lie on bed and was unable to raise his head on his own. 
The OFC was 70.5 cm with prominent vertex expansion, 
and the fontanelle was still widely opened (Fig. 1). The 
VP shunt chamber was migrated and palpated in the right 
clavicle region.

Preoperative head CT scan showed massive bilateral 
subdural hygroma that compressed and pushed brain paren-
chyma caudally. The midline structures appear fused and a 
single ventricle system was seen. The ventricular catheter 

Fig. 1  Preoperative 3D recon-
struction head CT shows severe 
macrocephaly with prominent 
vertex expansion. A Anterior 
view. B Posterior view. C Right 
side view. D Left side view
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was not seen intracranially (Fig. 2). From the craniomet-
ric calculation, the distance between nasion to inion was 
11.91 cm and the vertical height was 25.59 cm. The patient 
presents with a hyper-brachycephalic head shape with a 
cephalic index of 97. The biparietal diameter (BPD) was 
19.97 cm and the occipitofrontal diameter (OFD) was 20.45 
(Fig. 3). The preoperative cranial volume was 24.611 cc. 
The volume of the cranial was calculated with the ellipsoid 
volume formula: V = ¾ π abc, where V is the volume of the 
ellipsoid and a, b, and c dimensions of the ellipsoid [8].

Surgical procedure

Cranial vault reduction cranioplasty surgery was per-
formed to reduce cranial volume. The initial goal of sur-
gery was to evacuate all of the subdural hygroma, and 
total reconstruction of the calvaria. The main purpose of 
this surgery is to make it easier for the parents to care for 
patients, such as carrying and could avoid complications 
from prolonged immobilization. The patient also has a 
developmental delay and was in a neglected condition for 

Fig. 2  Preoperative head CT 
shows massive bilateral sub-
dural hygroma that compress 
brain parenchyma caudally. 
Midline structures appear to 
be fused and a single ventricle 
system was seen. A Axial. B 
Sagittal. C Coronal

Fig. 3  Comparison of head 
CT before and after surgery. A 
Sagittal before surgery. B Axial 
before surgery. C Sagittal after 
surgery. D Axial after surgery
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more than 4 years. This condition can make it difficult for 
the patient to lift his head on his own after surgery.

The patient was put in a prone position with head 
extended. The optimal sphinx position cannot be attained 
because the head was too heavy and large. A coronal inci-
sion was performed, and the scalp was flapped anteriorly 
and posteriorly. The dura mater is carefully separated from 
the bone. Then we cut off the excess parietal, temporal, and 
occipital bones. The frontal bone was not accessible caused 
of difficulty in proper sphinx positioning. Dural incision was 
made to remove as much of the subdural hygroma as pos-
sible. Then we did wedge-shaped cut in the temporal bone 
and did the bone reconstruction. Bone fixation was done 
using wires.

Post‑operative course

After surgery, the patient was treated in ICU for 6 days 
because of seizures. From the postoperative head CT, 
there was a significant reduction in craniometric calcula-
tions. Postoperative vertical height was 14.88 cm, BPD 
was 17.12 cm, and OFD was 17.45 cm (Fig. 3). The post-
operative cranial volume was 10.468 cc (57.46% volume 
reduction). The patient was discharged on the 11th post-
operative day.

Because this case was recently done, follow-up time for 
this patient was limited. One month postoperatively, the 
patient came to the outpatient clinic. The patient is still 
unable to lift his head on his own. But we can see improve-
ment in the patient. Objectively, the size of the patient’s 
head is reduced. The parents also find it easier and lighter 
to carry the patient.

Discussion

Severe macrocephaly can cause many morbidities to patients, 
due to difficulties in mobilization, skin breakdown, and poor 
cosmetics. These problems can impair patients’ quality of 
life and can be a significant burden for the patients, families, 
or caregivers. Neglected or partially treated hydrocephalus 
or enlargement of subarachnoid spaces are common causes 
of macrocephaly in pediatric patients [1, 7, 9]. HPE patients 
often have features of microcephaly. Macrocephaly can be 
found in HPE-associated hydrocephalus [3, 4, 6].

Over the past decades, several authors have studied 
various surgical techniques for treating macrocephaly. In 
patients with hydrocephalic macrocephaly, CSF shunting 
with VP shunt only may be adequate. But in severe macro-
cephaly, cranial vault reduction cranioplasty is necessary to 
reduce cranial volume [9–11].

The first reduction cranioplasty surgery was performed 
by Ehni in 1951 in the case of hydrocephalic children. He 
performed the surgery in 13 stages. In 1964, Sayers and 
Duran reported 3 stages of reduction cranioplasty surgery 
[7, 8]. With the development of neurosurgery and advances 
in medical technology, reduction cranioplasty surgery is 
currently growing rapidly. In 2010, Kohan and colleagues 
reported the application of molding helmet therapy after 
total cranial vault remodeling [12]. In 2014, Shen and col-
leagues reported a technique of reduction cranioplasty in 5 
cases of hydrocephalic macrocephaly with the help of 3D 
computer remodeling [13]. In 2020, Saleh and colleagues 
reported the advantages of using virtual surgical planning 
for the reduction of cranioplasty [14]. These advancements 
are expected to reduce complications during surgery, such 
as reducing blood loss, operating time, and infection rate.

In our case, the macrocephaly was caused by HPE and 
massive subdural hygroma without a sign of hydrocephalus. 
Because there were no signs of hydrocephalus, and subdural 
hygroma was a pathological condition, we planned a one-
stage operation to evacuate the entire subdural hygroma and 
perform a total reconstruction of the calvaria without VP 
shunt placement. Initially, we planned to put the patient in 
a sphinx position, but the optimal sphinx position cannot be 
attained because the head was too heavy and large. We put 
the patient in a prone condition with the head extended as 
much as possible, with the consequence that the frontal bone 
cannot be reached.

We plan to do periodic follow-ups of this patient. We 
must assess the patient’s condition and whether there is an 
improvement in his quality of life. We also have to evaluate 
whether there are complications that occur, such as infection, 
hydrocephalus, or CSF leakage. Second-stage surgery is 
planned in the future to perform frontal bone reconstruction.

Conclusion

Severe macrocephaly can still be found in developing coun-
tries, especially due to neglected hydrocephalus cases. Sub-
dural hygroma can also be a rare cause of severe macrocephaly 
in holoprosencephaly patients. Cranial vault reduction cranio-
plasty is the main treatment option, with the aim of reducing 
cranial volume and reducing the associated morbidities. In our 
case, the macrocephaly was caused by HPE and massive bilat-
eral subdural hygroma. The operation we did was to evacuate 
subdural hygroma and to do total cranial vault reconstruction. 
Our procedure successfully reduces significant cranial volume 
(57.46% volume reduction).
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