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Abstract

Introduction. Carpenter syndrome is a polymorphic
disorder transmitted by autosomal recessive inheritance,
caused by mutations in the RAB23 gene [1]. These gene-
tic disorders are reflected on the biogenesis of intracra-
nial structures. This syndrome was described for the first
time in 1900 by the British doctor George Carpenter. It
may include congenital heart diseases, mental retarda-
tion, hypogonadism, obesity, umbilical hernia, develop-
mental disorder, bone anomalies and frequent respiratory
infections. Carpenter syndrome has two main features:
craniosynostosis and more than five fingers or toes [2-4].
Aim. To present our experience in treatment of an in-
fant with Carpenter syndrome including trigonocephaly
and polydactyly.

Case report. In May 2003, an eleven-month-old male
infant with Carpenter syndrome was hospitalized in the
Pediatric Department of the University Clinic of Neuro-
surgery in Skopje, Republic of Macedonia. The infant
was referred to our Department from the University
Pediatric Clinic because of trigonocephaly and poly-
dactyly with two thumbs on his right hand. The infant
had already been twice hospitalized at the University
Pediatric Clinic for two recurrent lung infections su-
ggestive of Carpenter syndrome. The diagnosis of tri-
gonocephaly and polydactyly with two thumbs on the
right hand was made by physical examination, X-ray of
the right infant’s hand and computed tomography of the
head. According to Oi and Matsumoto classification from
1986 [5], the infant had a severe form of trigonocephaly.
Surgical procedure. Under general endotracheal anesthe-
sia, the infant was placed supine on the operating table,
a bifrontal skin incision was made and the scalp flap
was created. The bifrontal craniotomy was realized into
one bony piece succeeded by a modified Di Rocco’s
“shell" procedure including frontal translation and trans-
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position rotating the flap for 180 degrees without /touching
the orbital rims.

Results. The postoperative period was uneventful ex-
cept for the expected forehead swelling. The infant was
discharged from the hospital on the 7 postoperative
day, neurologically intact. Three months after surgery,
the head had excellent esthetic appearance, with regular
psychomotor development in line with the age of the
patient. Six months after the first surgery the patient
underwent a second plastic and reconstructive surgery
in order to reduce the number of fingers.

Conclusion. The early recognition and multidisciplinary
approach could prevent new disabled individuals in
the society. Our technique shortens the entire surgical
procedure, diminishes the time under anesthesia and
its complications, especially in departments where
blood saving devices are not available.
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Ancrpakr

Bosen. Kapnenteposuor cuHgpoM e monuMopdHO
IIOPEMETYBAKE IPEHECEHO CO aBTOCOMHO peLieCUBEH
THIl Ha HacJlefyBame, NPeJu3BUKAHO MOPafd MyTa-
ugja Ha reHoT RAB23. OBHe reHeTCKH IOpPEMETY-
Bama, Mefy OCTAaHATOTO, ce pedUieKTUpaaT U Ha
6uoreHesaTa Ha KpaHHjalHuTe cyTypu. OnuinaHa
3a npBrat Bo 1900 ropuHa off GpUTaHCKUOT HOKTOP
[lopu Kapnenrep (George Carpenter), 0BOj CHHAPOM
MO3Ke Jla BKIIyYM KOHTEHUTAJIHU CPLEBH aHOMalliH,
MEeHTaJIHA peTapjalyja, XUIIOroHagu3aM, nedennHa,
yMOUNUKaJlHA XepHHUja, pa3BOjHU aHOMAaJIMH, aHO-
MaJIiK Ha KOCKHTE ¥ YeCTH PeCIMpaTOpPHH UH(EK-
uuy. OBOj CHUHAPOM HMa JiBe IJIaBHU MaHU(ecTa-
LMK: KPAaHHOCHHOCTO32 ¥ 3roJieMeH 6poj Ha MPCTH-
Te Ha paKaTa UM Ha HoraTa.

Ilpuka3 Ha cayvaj. Ha nerckuoT onnen Ha Knunu-
KaTa 3a HeBpoxupypruja Bo Ckomje, Pery6iuka Ma-
KefoHuja, Bo Maj 2003 roguHa 6UII0 XOCIUTAIU3Hpa-
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HO 11 MeceyHO MallKo Gee CO KanTeHTepOBHOT CHH-
apoM. BeGeto Guno ynareno on Knunukara 3a feT-
cKH GoNecTH mopajn TpHroHouedanija 1 NOMHIAK-
TIIH)a CO JiBe MAM4HIbA Ha lecHaTa paka. [IpeTxonHo
6e6eTo esleKyBaHO Ha [leTcKaTa KJIHHHKa nopaad
1Be eMH30]1 Ha pecnUpaTopHa NHQeKLMja, NpH LUTO
€ UjarHOCTHLMPAH KapreHTepOB CHHAPOM. Hlljal?HO-
3aTa Ha TpHroHouedanujaTa v Ha MOJHAAKTHIH]aTa
Gellle MOCTaBeHa co (PU3HKAJIEH Nperiie], HATHBHA
penaredrpacHja Ha JECHATA IUIAHKA H KOMITyTepH-
3upaHa Tomorpaduja Ha rmasata. Cnopeji KnacH-
cukaumjata Ha Oi 1 Matsumoto o 1986 ce paGo-
Tellle 3a TeLIKa TPHIOHOLedanmja.
Xupypuks TpeT™an. beGeTo Gelle BoBeleHO BO OI-
ILITa eHJOTpaxeaslHa aHeCTe3Hja, CTaBeHO BO 0p3a-
Ha JIerHaTa nosioxo0a Ha onepaTHBHATa Maca, peau-
3ipaHa OH(pPOHTANHAa KOPOHApPHA HHIM3Hja Ha
KOXKaTa M 4YelleH cKanmeH pe3eH. KpaHnoToMujaTa
Oewle peamH3HpaHa BO €[HO Mapye H MpOCJe/leHa
co MomucuImpana Di Rocco mpouenypa, BRIy4yBaj-
KH (ppoHTaNHa TpaHCIalKja H TPAHCMIO3HIHja, Po-
THPajKH o KocKeHHOT ¢nen 3a 180 crenenu 6e3 pe-
MOJIeTHpake Ha OPOUTATHHTE JIAKOBH.
Pesyarara. I[TocronepaTHBHUOT nepHoR nomuHa 6e3
KOMIUTHKAIIMH, OCBEH JIeECeH OTOK Ha yenoTo. bebe-
TO € MYIITEHO JI0Ma MO CeyM JleHa HeBPOIOLIKH
HHTakTHO. Tpu Mecenmu mo oneparnujaTa, riiaBaTa
UMalle OIJIHYEH eCTeTCKH M3IJefl, CO HOpMalleH
NICUXOMOTOpEH pa3Boj 3a Bospacta. lllect meceuu
10 MpBaTa Oepanyja, NakeHTOT Gelle MOABPrHAT
Ha BTOpa PEKOHCTPYKTHBHA ONepaluja 3a HaMalyBa-
Be Ha OpOojOT Ha MallluTe.
3akayuok. PaHOTO npeno3HaBame ¥ MyJITHIHCIHII-
JIMHAapHUOT IIPHOJ MOKe J1a CIPevH [0jaBa Ha HOBU
XeHJUKENUpaHu JHLa Bo ommTecTBoTo. Hamara
TEXHHKA 03BOJNYBa CKpPAaTyBakbe Ha LieslaTa XUpYp-
IIKa Npoleaypa HaMajlyBajKu rO BpEMETO BO aHec-
Te3uja ¥ Hej3MHUTE KOMIUIMKALHKH, TOCE6HO BO MH-
CTUTYL[MM KOH He pacroiaraar co alapaTH 3a 3alll-
Tefla Ha KpB.

Knyunn 360pou: Tpuronouedanuja, kapnesrepon
CHHJIPOM, OTIePATUBHO JIEKYBahe

Abstract

Introduction. Craniosynostoses represent developmental
anomalies of the craniofacial growth in humans, that
is, premature adhesion of the sutures of the calvaria,
which leads to craniostenosis, obstructing the normal
psychomotor development of infants. The consequences
of untreated craniosynostosis can be simple esthetic dis-
figurations of the normal shape of the head, but can
also lead to mental disruptions, difficulties in gaining
new skills, disturbed behavior, epilepsy, hydrocepha-
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The incidence of craniosynostoses estimates approxima.
tely 0.1-1 (0.6) from 1000 live babies [1,4].The classi.
fication of craniosynostoses distinguishes two groups:
non-syndromic (primary, simple) craniosynostoses and
syndromic craniosynostoses (conjoined with other de-
velopmental anomalies, usually on the extremities) [1-
6]. The non-syndromic craniosynostoses are divided de-
pending on the suture that is prematurely closed, res-
pectively, as dolychocephaly (scaphocephaly-head with
shape of a boat, the most common-56%), brachicephaly
(anterior unilateral-anterior plagiocephaly-24%o), turrice-
phaly (head in a shape of tower), trigonocephaly (wedge-
shaped head-4%), anterior and posterior plagiocephaly
and oxycephaly [1-6]. A total of 150 syndromes have
been described accompanied by craniostenosis. The
most common syndromic craniosynostoses include the
following syndromes: Crouzon, Apert, Pfeifter, Saethre-
Chotzen and Carpenter syndromes [1-7].

Carpenter syndrome is a polymorphic disorder trans-
mitted by autosomal recessive inheritance, caused by
mutations in the RAB23 gene [1]. These genetic disor-
ders are reflected on the biogenesis of intracranial struc-
tures. This syndrome was described for the first time in
1900 by the British doctor George Carpenter. It may
include congenital heart diseases, mental retardation,
hypogonadism, obesity, umbilical hernia, developmental
disorder, bone anomalies and frequent respiratory in-
fections. Carpenter syndrome has two main features:
craniosynostoses and more than five fingers or toes [3-6].
The diagnosis of the craniosynostoses is made with
physical examination of the child (inspection-characte-
ristic shape of the cranial vault, palpation-a prominent
thicken prematurely fused suture, volumetric measure-
ments, cranial index, cranial perimeter), x-ray, EEG,
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computed tomography with 3D reconstructions, magnetic
resonance of the brain (for possible associated anomalies
of the brain) [4-8]. Treatment of the craniosynostoses is
surgical reconstruction, starting with the simple suturec-
tomies going further to the complex cranial vault re-
constructions with aim to create enough space for nor-
mal development of the brain and the esthetic correction
of the shape of the head as well. Others specialists like
pediatrics, pediatric psychiatrist, pedagogue, plastic and
reconstructive surgeon, orthopedic surgeon, sociologist
may be included in the treatment. The best result is
achieved if the surgical procedure is realized at the age
between 3-7 months of the infant. If the intervention is
done before the age of 3 months, there is a high rate of
recurrence of the craniosynostosis with a need for
additional intervention [5,7].

The aim of this paper was to present our experience
with this rare form of syndromic craniosynostosis and
treatment in order to obtain acceptable results.

B —

Fig. 1. The infant wnthtrigonoccphaly, polydactyly and

Surgical treatment

The procedure was done under general endotracheal
anesthesia with the infant placed in supine position
(Figure 2). The procedure was started with bifrontal
skin incision and creation of the frontal scalp flap.

Fig. 2. The infant with trigonocephaly, polydactyly and Carpenter syndrome at surgery

Carpenter

Clinical material

In May 2003, an eleven-month-old male infant was
hospitalized at the Pediatric Department of the Uni-
versity Clinic of Neurosurgery of the Clinical Center
"Mother Theresa" in Skopje, Republic of Macedonia.
The infant had been referred to our Department by the
University Pediatric Clinic because of trigonocephaly
and polydactyly, with two thumbs on his right hand.
The infant had already been twice hospitalized at the
University Pediatric Clinic disease for two recurrent lung
infections suggestive of Carpenter syndrome (Figure
1). The diagnosis of trigonocephaly and polydactyly
with two thumbs on the right hand was made by phy-
sical examination, X-ray of the right infant’s hand and
computed tomography scan of the head. According to
Oi and Matsumoto classification from 1986 [5], the
frontal angle of the axial CT slices showed 89 degrees
or severe trigonocephaly.

b
syndrome

After elevation of the periosteum, epidural dissection of
the free edge of the frontal bone at the great fontanel
was performed, followed by bifrontal craniotomy with
one-piece free bony flap. The upper edge of the bony
flap contained the coronal suture, spreading laterally
downward to the both temporal fosses. The lower edge
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of the bony flap was made just over the supraorbital
rims, after creating a "burr-hole" using diamond drill
over the frontonasal suture where the biggest thickening
of the metopic suture was observed. The bony flap was
diminished for 1 cm and rotated for 180 degrees.

The most prominent and thick part of the bone was
excised, the midline of the bony flap was fractured in
fashion of "green-stick" fracture and radial osteotomies
were done for complete remodeling of the forehead.
The bony flap was fixed forward and distal to the most
frontal part of the cranial base through small bone
holes on the free edge of the base with interrupted 2-0
silk sutures. Scalp flap closure was done with interrupted

Blair-Donatti 4-0 polypropilene sutures, without using
epicranial drainage.

Results

The postoperative period was uneventful except for
the expected forehead swelling. The baby was dischar-
ged from the hospital one week after surgery. Three
months after surgery, the head had excellent esthetic
appearance, with regular psychomotor development in
line with the age of the patient (Figure 3). Muscular
tonus was better after reconstruction and correction of
the craniostenosis, no further resistant respiratory infec-
tion and no opisthotonus were observed. Six month
after the first surgery, the patient underwent a second
plastic and reconstructive surgery in order to reduce
the number of fingers. The child has been followed for
13 years and the "long term" results showed an excellent
esthetic effect and normal psychomotor development,
normal 1Q, scolarity and socialization.

Fig. 3. The infant with syndrome 18 months after surgery

Discussion

The trigonocephaly (premature fusion of the metopic
suture) takes 4% of all simple non-syndromic cranio-
synostosis [8]. The clinical appearance is typical, with
wedge-shape, triangular forehead, flattened supraorbital
rims, thickened metopic suture and cranial index with

normal value. The computed tomography of y "
is also typical, with flattened bilateral fronta| ‘ofaix\ \
small anterior cranial fossa and small fronta| angle s, |
The only treatment for trigonocephaly is SUrgica| o \

. . . Co.
rrection of the deformity. There are various Numbge,
operative interventions in which the common p"'mCip(;f \\
is reconstruction of the whgle frontal bone, even i:. \
cluding complex reconstructions with corrective Osteo-
tomies of the roof of the orbits and the lateral ends of
the supraorbital rims for advancement and enlarge.
ment of the anterior cranial fossa.

Braid and Proctor [7] suggest that the operative correc.
tion is done between 6 and 12 months of age of the
infant for open reconstruction of the anterior part of
the vault because of the associated bigger blood lost,
the durability of the intervention and high rate of re-
currence if the intervention is done before the age of 6
months of the infant.

Raimondi’s [9] opinion is to undertake surgical inter-
vention at the age of 7 months with follow-up period
until 13 months of age, presenting his excellent esthetic
effect and no signs of recurrence of the deformity, with
normal psychomotor development. Our patient was 11-
month-old.

All open surgical procedures include bifrontal craniotomy,
creation of free bony flap in one or two pieces, ex-
cision of the nasal extensions of the frontal bone and
frontal extensions of the nasal bones, lateral advancement
of the superior orbital ridges by pivoting on their sec-
tioned or green-stick fractured medial edges, replacement
of the frontal bony flaps after modified their edges,
curvature and orientation. The variations include creation
of a free orbital bar and its replacement after opportune
remodeling, the insertion of a bone graft in the midline
gap resulting from the removal of the upper part of the
nasal bones to correct hypotelorisme [3].

Di Rocco’s personal surgical technique [3] accomplishes
all mentioned goals through a procedure named "shell"
surgery because of the characteristic form of the fron-
tal bony flap. In fact, the procedure consists of a frontal
craniotomy in order to remove the deformed frontal
bone and part of the parietal bones from a line 2 ¢cm
above the orbital ridges to the anterior fontanel. The
flap is remodeled with the drilling of the thick ridge of
the metopic suture and anterior displacement of its
lateral aspects. Radial osteotomies converging down-
wards and towards the midline (so mimicking the lines
of the shell) diminish the resistance of the bone and
allow modifying its curvature. The nasal processes of
the frontal bone and the upper part of the nasal bones
are removed. The roof and the lateral walls of the or-
bits are sectioned and the lateral borders of the supe-
rior orbital ridges pushed forward in order to compensate
for the hypoplastic orbital cavity. The pushing maneuver
is made using the medial borders of the superior orbital

ridges, cracked only partially, as pivots. The advance-
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ment i maintained by replacing the remodeled frontal
pone between the advanced superior orbjtal rims and
the anterior border of the parietal bones [3].

In our case, the lung problems required a shorter sur-
gical procedure and therefore we modified it by trans-
lation and transposition of the bone flap without advan-
cement of the orbital rims. The created free frontal
bone flap in one piece is osteotomized anterior and
distal just above the superior orbital ridges with
drilling of the most prominent part of the metopic
suture and after that it is rotated for 180 degrees with
excision of the most prominent wedge part of the bone
flaps. Radial converging linear osteotomies are made
on the bone flap with separate green-stick fractures for
further enlargement of the intracranial space. The fron-
tal bone flap is repositioned and fixed over the superior
orbital ridges with one interrupted 2-0 silk suture on
both sides of the forehead. The created reconstruction
makes an excellent esthetic and functional effect at 3
months after surgery, especially with the enlargement
of the anterior and lateral aspects of the frontal lobes
of the cerebrum. Six months after the first surgical
cranial procedure, the infant was rehospitalized at the
University Clinic for Plastic, Esthetic and Reconstructive
Surgery in Skopje in order to reduce the number of
thumbs of his right hand.

The possible side effects of the intervention are: blee-
ding, infection of the wound, with overall incidence
under 1%, possible recurrence with further need of
additional surgical correction depending on the age of
the patient and the type of craniosynostosis. Our long-
term results show no complications, no recurrences,
and normal development of the child.

Conclusion

The early recognition of these anomalies allows the
most adequate treatment according to the conditions of
the health system in order to treat deformities of the
newborn and infant’s head and to prevent abnormal
psychomotor development during children’s growth.

The multidisciplinary approach could prevent new
disabled individuals in the society. Our technique shor-
tens the entire surgical procedure, especially in depart-
ments where blood saving devices are not available.
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