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Abstract Reduction cranioplasty is
reguired in selected patients when
macrocephaly interferes with head
control, seating, locomotion, and so-
cial acceptance. Two different surgi-
cal techniques for reduction cranio-
plasty in two cases of older hydroce-
phalic patients are described. Em-
phasisis placed on the basic stages
of the procedure.
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Introduction

Macrocephaly needing reduction cranioplasty is uncom-
mon. Generally, the neurosurgeon and the family are to-
gether capable of preventing this condition, but unfortu-
nately, if thehydrocephal usisneglected by the parentsand/
or its treatment is ineffective, neurosurgeons are some-
times confronted with this problem. Reduction cranio-
plasty isrequired in selected cases of macrocephaly when
the size and the weight of the head significantly interferes
with normal development or with important activities that
would otherwise be possible [1,10-12]. Reduction cranio-
plasty isalso proposed as atreatment modality in the cases
of severe craniocerebral disproportion in infancy [7] and
in the cases of intractable chronic subdural hematoma in
infancy [9].

The paucity of literature about this subject makesit dif-
ficult to determine the optimum treatment modality. This
report describes two different surgical techniques for re-
duction cranioplasty and discusses basi ¢ stages of thispro-
cedure.

Case histories and surgical techniques
Case 1l
Clinical history

A 6-year-old boy presented with severe macrocephaly,
particularly with a significant increase in vertical height
(Fig. 1). Multiloculated hydrocephalus had been diag-
nosed in utero and he was delivered by elective cesarean
section. Hishead circumferenceat birthwas54 cm. When
hewas 2 monthsof age, aventriculoperitoneal (VP) shunt
was inserted. Despite many revisions, his head circum-
ference increased continuously until he was 4 years old.
He was able to talk at 3 years, but walking was impos-
sible.

On examination, the patient's head circumference
measured 72 cm. Nasion-inion and bitragal distanceswere
both 70 cm. All calvarial sutureswere closed and the bones
were thickened. Cognitive development was slightly re-
tarded. The patient was sometimes able to stand with as-
sistance, but his mobility was seriously impaired by the
weight of his head.
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Fig. 1 Operative positioning of the first patient. Note the consider-
ableincrease in vertical height of the skull, especially in the poste-
rior parietal area. Adequate exposure of the full cranial vault was

possible. Because the bones were extremely thick, three pin fixators
could be used in this patient

Surgical technique

The modified prone position [4] with the head in neutral
position and slightly extended was easily achieved with
three pin fixators and full cranial vault exposure was pro-
vided by a bitragal skin incision (Fig. 1). The scalp and
periosteum were dissected separately. Aside from three
bone strips, one midfrontal and two posterior parietal con-
necting at the bregma, all calvarial bones were removed

and an external drainagewasinstalled (Fig. 2). Under con-
tinuous irrigation, the dura was coagulated with a bipolar
forcepsin many areas, parallel and/or perpendicular to the
superior sagittal sinus, in order to attain a reduction in
length and in width of the dural envelope. Approximately
2| cerebrospinal fluid (CSF) was drained during the re-
duction of the dural envelope. The fragmented bones were
then placed in a mosaic fashion and fixed with heavy silk
(Fig. 2). External drainage was removed and the remod-
eled calvarium was entirely covered by intact periosteum.
The scalp was closed after resection of the redundant ar-
eas.

Postoperative course

One week after the operation, the boy was already able to
stand up by himself. Postoperative measurements were
62 cm, 44 cm, and 43 cm for the head circumference, na-
sion-inion, and bitragal distances respectively. He died
4 monthsafter dischargefrom the hospital from peritonitis.
The cause of this abdominal infection was thought to be
related to the shunt, which may have becomeinfected dur-
ing the reduction cranioplasty.

Case 2
Clinical history

A 5-year-old girl was born with a large head circumfer-
ence. The macrocephaly was neglected by the parents un-

Fig. 2 Modified crosshar tech-
nique. The entire calvarium
was removed except for amid-
line strip of frontal bone and
two strips of parietal bones lat-
erally. Under controlled drain-
age of CSF, thermoreduction of
the dura was performed. Care
was taken not to lacerate or
kink the superior sagittal sinus.
The posterior part of the sinus
was entirely covered by asin-
gle fragment of bone in order to
avoid any damage to it, and the
remaining areas of the calvari-
um were covered by bone frag-
ments in amosaic fashion
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Fig. 3A, B Modified pi cra-
niectomy technique. A The A
frontal bone was removed from
just above the orbits. The ends
of the parasagittal craniecto-
mies were extended to the tem-
poral squamosa. Thus, two
large peninsula-shaped parietal
bones were created. The superi-
or sagittal sinus must be com-
pletely dissected from the bone
to avoid any kinking during re-
duction. B The reduced frontal
bone was fixed above the or-
bits, multiple small drill holes
were made along the craniecto-
my contour, and the bones were
adjusted with heavy silk su-
tures. Under |CP monitoring,
the calvarium was compressed
and all of the sutures were li-
gated when the desired reduc-
tion was achieved. Note on the
axial and sagittal view that an
unavoidable transverse dent ap-

peared in the posterior frontal
region B

til her head circumference reached 60 cm at 2 years of age.
A VP shunt was inserted, but the head circumference con-
tinued to increase, reaching 74 cm at 5 years of age. The
patient underwent shunt revision at 3 years. She began to
speak at 4 years.

On examination, the head shape was harmonious ex-
cept for aprominent frontal boss. The calvarial boneswere
thin and malleable. The patient could not support the
weight of her head without considerable assistance. Na-
sion-inion and bitragal distances were 71 and 68 cm re-
spectively.

Surgical technique

A neutral prone position with aflexed neck, asin the gel-
filled collar technique [2], was used for the operative po-
sitioning. After entire exposureof the cal varium, thefron-
tal bonewasremoved (Fig. 3A). The next part of the sur-
gery was largely inspired by the technical note of Jane
et al. regarding scaphocephaly [3]. The ends of the para-
sagittal craniectomies of the original technique were ro-
tated towards the two temporal squamosa in order to
create two large peninsula-shaped parietal bones
(Fig. 3A). An external drainage was inserted and linked
via a three-way connector to an intracranial pressure
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Fig. 4 Operative photograph at the end of the surgery in the second
patient. Reduction in width and length was achieved

Fig. 5 Postoperative photograph of the second patient 1 year after
surgery. She became able to support the weight of her head easily,
but there was serious stepping between the frontal and parietal bones

(ICP) monitor. Initialy, | | CSF was aspirated. The ICP
levels were between 10 and 12 cm H,0O before the aspi-
ration of CSF, and between 2 and 6 cm H,O thereafter.
Thermoreduction of the dural sac was performed as in
case 1.

The bifrontal bone flap was reduced in size and fixed
to the supraorbital bar. Then, the calvarium was com-
pressed, while monitoring the ICP. Temporarily, some
peaks up to 100 cm H,O were registered. When the de-
sired reduction in head size had been achieved, the free
edges of the bones were ligated (Figs. 3B, 4). During the
compression, 1.2 | CSF was discharged from the external
drainage. |CP was between 15 and 20 cm H,O when al
bones were covered with intact periosteum. The external
drainage was removed and the galea and scalp were
closed.

Postoperative course

The patient’s postoperative course was uneventful except
for a decrease in hematocrit. One month after the opera-
tion, she became able to support the weight of her head
easily, and 9 months later she was able to stand up with
minimal assistance. Measurements were 59 cm, 46 cm,
and 42 cm for head circumference, nasion-inion distance,
and bitragal distance respectively. There was a cosmetic
problem because of stepping between the frontal and pa-
rietal bones (Fig. 5).

Discussion

The strategic goal of reduction cranioplasty isto improve
the patient’s quality of life or to facilitate nursing care; it
requires meticul ous preoperative planning and a vigorous
surgical attack. There is no single ideal technique for re-
duction cranioplasty because of the differencesin the ba-
sic characteristics of the patients. These basic characteris-
tics are the skull shape and the thickness and malleability
of the calvarial bones.

Surgical technique

The position of the head must enable full cranial vault ex-
posure. The modified prone position, which give accessto
the entire calvarium [4], was possible with three pin fixa-
torsinour first patient, but due to the sutural openingsand
themalleability of the calvarial bonesthis position was not
suitable for the second patient. Because of the enormous
size of the head, every effort should be made to detect air
embolization during anesthesia [6].

The surgical technique must be simple and quick to
perform. One-stage calvarial reconstructionispreferable
to multi-staged operations [5]. The goal of surgery isre-
duction of the head sizein length, width, and height with
minimal complications. Cosmetic issues are addressed
in a secondary plan. The surgical technique we used in
the second case is a simple and easily applicable tech-
nique for patients with thin, malleable calvarial bones
and permitssignificant reduction especially inlength and
width. The picket fence technique previously described
by Winston et al. [12] would also have been suitable for
thischild. We prefered the modified pi craniectomy tech-
nique, because we believe that it is simpler than the
picket fence technique, and reduction of the anteropos-
terior diameter is easier than with the picket fence tech-
nique. Both techniques give reliable structural stability,
and also, as pointed out by Winston et al. [12], continu-
ous support of the calvarial bones prevents sagging of
the brain. Cases of vertically expanded calvarium, like
our first case, if the bones are malleabl e, al so seem suited
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to the picket fence technique, because it permits reduc-
tion in height.

When the calvarial bones are thick and are not malle-
able, reduction cranioplasty is much more difficult. Frag-
mentation of the cranial vault is necessary and this leads
to the problem of stabilization. The quadrantal plate tech-
nique described by Winston et al. [12] and the crossbar
technique described by Park et al. [5] are appropriate for
such cases. The crosshar technique permits a significant
reduction in vertical height. In our modified crossbar tech-
nique, we entirely fragmented the calvarium posteriorly
because it was elongated towards the lambda.

During surgery, bleeding from the large veins in the
scalp and from the external surface of the calvarium must
be controlled meticulously. Park et al. [5] left the pericra-
nium attached to the bone and cut with bone flaps to min-
imize blood loss during exposure of the calvarium.

If thereis no epidural or subdural dead space, the dural
envelope provides a strong inner support for the recon-
structed bones. Additionally, intact periosteum givesan ex-
ternal support, if it covers al of the reconstructed bones.
Thompson and Hoffman [8] were confronted with collapse
of the boneflaps after areduction cranioplasty and utilized
a breast prosthesis to stabilize the flaps.

Reduction of the dural envelope

Reduction of the calvarium implies an appropriate amount
of reductionin the size of the dural envelope. We preferred
bipolar coagulation to imbrication of the redundant dura.
Thermoreduction achieves quick, sufficient, and harmoni-
ousreduction in length and width when coagulation is per-
formed at many sites, perpendicular or parallel tothe super-
ior sagittal sinus. Thistechnigue also has the advantage of
not necessitating dural sutures, which may be a source of
CSF leakage. Irrigation during coagulation prevents any
possible thermal damage to the cortex. We recommend an
external ventricular drainage to allow continuous dis-
charge of the CSF and monitoring the ICP. Like other au-
thors, we encountered no problems with venousinfarction
due to kinking of the superior sagittal sinus or cortical
veins. However, any aggressive manipulation in the pos-
terior part of the superior sagittal sinus must be avoided
[1, 5].

Management of hydrocephalus

Accumulation of fluid in the subgaleal and epidural space
is not uncommon [5, 10, 12]. Resection of the redundant
scalp and meticulous repair of dural tears can reduce sub-
galeal fluid accumulation. Winston et al. [12] reported that
a functioning VP shunt in the early postoperative period
may reinforce enlarging fluid collection within the poten-
tially gigantic subgal eal —epidural space. They recommend

controlling ICP in the early postoperative period by exter-
nal drainage. Removal of large amounts of CSF during sur-
gery must be avoided in order to allow the dural envelope
to maintain close contact with the encompassing bony
vault. We agree with Winston et al. [12] about controlling
hydrocephalus in the early postoperative period by exter-
nal ventricular drainage. Wedid not doit in thesetwo cases
because we wanted to give the patients a chance to avoid
a further, inevitable VP shunting procedure, but we sug-
gest that preserving shunt material during this major oper-
ation carries a high risk of shunt infection, aswe found in
our first patient.

Cosmetic issues

The reduction of the cranial capacity results largely from
changes in the height, length, and width of the calvarium
[5]. We must remember that these children with an enor-
mous calvarium have also a considerable increase in skull
base diameter which is not reducible, and this fact is the
main difficulty of reduction cranioplasty, because the cal-
varium rests on the skull base. The result is a dispropor-
tion of the calvarium—skull base junctions and a poor cos-
metic result. We have programmed a second operation in
our second patient for retropositioning the cranio-orbital
bar and reshaping the forehead. This will allow a reduc-
tion in the length of the skull base and a good cosmetic re-
sult.

Conclusion

Reduction cranioplasty isauseful neurosurgical operation
in selected cases. In many countries, there must be many
children with an enlarged cranium needing reduction cra-
nioplasty. All neurosurgeons are familiar with such chil-
dren, but thereislack of broad clinical experience. We sug-
gest that atreatment protocol should be discussed for these
children and the reduction cranioplasty should be consid-
ered more often when appropriate.
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