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Remodelling Surgery in Craniosynostosis

Lécba kraniosynostéz remodelacni technikou

Abstract

Aims: The authors describe a comprehensive diagnostic algorithm, individual pre-operative
care and postoperative follow-up procedures, established at the author’s workplace, to ad-
dress tailored pre-operative haematological preparation and cranial vault remodelling surgery
in craniosynostosis patients. Materials and methodology: A set of 14 patients newly operated
upon using the remodelling technigue is presented and compared to a set of patients opera-
ted upon using strip craniectomy, in terms of cosmetic effects, the need for transfusion, sur-
gery time and complications. Results: Remodellation technique surgery patients showed sig-
nificant improvement in cephalic index and a better cosmetic effect compared with the strip
craniectomy patient group. There was no significant difference in surgery time between the
operational technigues. Pre-operative haematological preparation was sufficient to eliminate
the higher transfusion requirements of very young patients. Conclusions: The remodelling
surgery technique was found to provide better cosmetic and therapeutic effects compared
with strip craniectomy. Cranial vault remodelling surgery combined with comprehensive,
tailored pre-operative care is a safe and efficient procedure in craniosynostosis treatment
even in very young children.

Souhrn

Cil: Autofi popisuji komplexni diagnosticky postup, individuaIni pfedoperacni pfipravu a po-
operacni sledovani, které zavedli na svém pracovisti, v¢etné individudlni predopera¢ni hema-
tologické pfipravy a remodelacni operacni techniky u pacient s kraniosynostézou. Soubor
a metodika: Soubor 14 pacientl operovanych remodelacni technikou je srovnavan se sou-
borem pacientl operovanych metodou strip kraniektomie z hlediska kosmetického efektu,
potfeby krevni transfuze, doby trvani opera¢niho vykonu a komplikaci. Vysledky: Pacienti
operovani remodelacni technikou vykazovali signifikantni zlepseni cefalického indexu a lepsi
kosmeticky efekt ve srovnani s pacienty operovanymi metodou strip kraniektomie. Autofi
neshledali statisticky vyznamny rozdil v délce trvani operace u obou srovnavanych skupin.
IndividudIni prfedoperacni hematologickd pfiprava eliminovala zvysenou potfebu krevnich
transfuzi u velmi malych pacientl. Zavéry: Remodela¢ni operacni technika poskytuje lepsi
kosmetické a lécebné vysledky ve srovnani s technikou strip kraniektomie. Remodelacni ope-
ra¢ni technika spolu s komplexni, individudIni pfedoperacni pfipravou predstavuje bezpec-
nou a Ucinnou metodu v lé¢bé kraniosynostdz i u velmi malych déti.
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Introduction

Craniosynostosis is defined as prema-
ture closure of one or more of the cra-
nial sutures in a child leading to secon-
dary changes in the shape and/or volume
of the skull. Its incidence is generally re-
ported at around one in 2,500 live bir-
ths [1]. Primary or simple, non-syndro-
mic craniosynostosis involves premature
closure of one or more cranial sutures
in otherwise healthy children. Cranio-
synostosis that occurs as part of a com-
plex craniofacial syndrome or congeni-
tal malformation is known as congenital
or complex. More than 90 syndromes in-
volving craniosynostosis and associated
abnormalities have been identified and
about 27 different chromosomal aber-
rations connected with craniosynostosis
have been described, with more added
every year [2]. Craniosynostosis diagnosis
is based on clinical examination, anthro-
pometric examination and especially on
proper imaging techniques. The cepha-
lic index (Cl), derived from craniometric
data, is commonly used, but it has obvi-
ous limitations. Skull 3D computer tomo-
graphy (CT) provides precise information
about the state of cranial sutures; its also
informs of intracranial circumstances. So-
phisticated stereoscopic cameras and re-
cently-developed 3D morphometric me-
thods appear to be the most promising
assessment and follow-up tools. Regular
neurological examination, together with
diligent monitoring of psychomotor deve-
lopment and neurological status are ne-
cessary in craniosynostosis-diagnosed pa-
tients. Craniosynostosis surgery has been
through considerable and extended deve-
lopment, from simple suture resection to
complex skull remodelling. All the surgical

from 25% to 500% of circulation blood
volume [3-8]. Specific haematology pro-
tocols have been designed to prepare
child patients for such major operations.

Materials and methodology

Pediatric patients suffering from craniosy-
nostosis and operated upon in the period
2003-2009 at the Department of Pediat-
ric Surgery, Orthopedics and Traumato-
logy, Faculty Hospital Brno, were included
in the evaluation. Beginning in 2007, the
authors created a new algorithm for early
assesment, diagnostics and early operative
treatment of craniosynostosis patients, ma-
king good use of collaboration between va-
rious medical specialities. The group of pati-
ents operated upon in accord with the new
diagnostic and treatment protocols, using
remodelling and comprehensive pre-opera-
tive care. was then compared with patients
who had undergone standard strip craniec-
tomy without such pre-operative procedu-
res. Age, blood transfusions, surgery time,
complications, further head growth, Cl and
cosmetic effect were evaluated for both
groups. All craniosynostosis patients were
subjected to clinical neurological and neu-
rosurgical examination. CT and CT 3D scan-
ning under general anesthesia were perfor-
med in all patients. The patients assessed
also underwent clinical and laboratory ge-
netic examination, syndromic analysis and
estimation of genetic risk. The FGFR2 and
FGFR3 genes were investigated for direct
detection of the most common mutations,
while sequence analysis of the TWIST1 gene
coding region was done. Formal, signed, in-
formed consent was given by the parents
in all cases. Considering the usually signifi-
cant peroperative blood loss in the light of

subjects aged under one year, a compre-
hensive haematological pre-operative exa-
mination, with assessment of individual
preparation for each particular patient, was
carried out, in order to minimize the antici-
pated higher need of blood transfusion du-
ring and following the highly stressful and
predictably prolonged remodelling surgery.
To reduce the need for transfusions, pati-
ents should go to surgery with a maximum
red blood count. All patients operated upon
under the new protocol were subject to an
initial laboratory examination — complete
blood count with differential count, retiku-
locyte count and retikulocyte haemoglobin,
blood smear, iron, transferrin and ferritin
levels, total iron binding capacity, transfer-
rin saturation, erythropoetin, cobalamin,
folate, haptoglobin and bilirubin levels,
gamma-glutamyl transpeptidase (GGT),
glutamic pyruvic transaminase (GPT), glu-
tamic oxaloacetic transaminase (GOT) and
lactate dehydrogenase (LDH) serum levels.
After that, all patients were started on Akti-
ferrin (ferrosi sulfas heptahydricus, serinum
racemicum) at a dose of 0.16 ml/kg per day
(in the event of initially detected siderope-
nia at a dose of 0.32ml/kg per day), Pyrido-
xin (pyridoxini hydrochloridum) at a dose of
10mg per day, Celaskon (acidum ascorbi-
cum) at a dose of 50-200mg per day, and
acidum follicum at a dose of 5mg per day
for a period of three weeks. Repeated red
blood counts usually revealed haemoglo-
bin values at or slightly above the higher re-
ference levels, if not, additional administra-
tion of Eprex (epoetinum alpha) at a dose of
450-900 1U/kg twice a week was given for
two weeks. This treatment was also con-
tinued after surgery. Consecutive surgery
was performed by cranial vault remodeling

approaches aim for total craniosynosto- ] ] o
sis elimination and optimal skull shape re- Table 1. Patients operated for craniosynostosis in the years 2003-2009.
mode'ling to a;hieve long-term physiolo- Craniosynosto- Number Gender Age in Remo- S'Frip cra-
glcgl intracranial volume, normal fur.ther sis type of patients Male/ months delation  niectomy
brain development and neurocognitive /female surgery surgery
functions, together with optimum cosme- scaphocephaly 29 19/10 86+34 4 25
tic effect. Classical strip craniectomy is ef- trigonocephaly 9 7/2 85+1.5 7 2
fective in young children, without develo- brachycephaly 2 0/2 50+ 1.0 1 1
ped compensatory changes in skull vault plagiocephaly 2 11 6.0+ 0.0 1 1
shape and skull base abnormalities. For clinocephaly 1 1/0 7 - 1
children with such deformities, more de- cloverleaf

. . . 1 1/0 6 1 -
manding remodelling surgery techniques syndrome
have been developed. Most of these com- 29/15 14 30
plex remodelling procedures take far lon- Total 44 (65.9%)/ 7.9 +3.06 (31.8%) (68.2%)
ger and nearly always require blood trans- (34.1%) ’ ’
fusion. Estimated blood loss may range
Cesk Slov Neurol N 2011; 74/107(2): 168-174 169

CSNN 2011-2.indb 169

30.3.2011 9:19:19



1 INEEn

REMODELLING SURGERY IN CRANIOSYNOSTOSIS

Table 2. Remodelation technique surgery for craniosynostis — list of patients 2007-2009.
. Head circumfe- Cephalic . Trans-
Age in . . . Genetics . Surgery .
rence in surgery/ index in sur- fusion . Clinical
No Pathology Sex surgery - . (FGFR 2,3 time
/after six months gery/after six (125 ml . remarks
(months) TWIST 1) . (min)
(cm) months (cm) units)
. hypotonic
1 scaphocephaly 3 10 47.5/50.0 63/ 70 negative 1 120 Syndioime
. polydaktylia
2 scaphocephaly 3 4 42.5/46.0 65/73 negative 1 240 syndaktylia
3 scaphocephaly 3 7 48.0/53.5 62/70 negative 2 170 -
4 scaphocephaly Q 11 49.0/49.0 62/69 negative 1 240 -
. . mild hypotonic
5 trigonocephaly 3 8 43.5/48.0 81/80 negative 1 190 syndrome
6 trigonocephaly 3 9 44.5/47.0 78/77 negative 1 190 -
7 trigonocephaly Q 5 41.0/45.0 79/80 negative 1 120 -
8 trigonocephaly 1) 5 40.0/44.5 91/87 negative 1 120 -
9 trigonocephaly 3 6 40.0/45.5 90/84 negative 1 170 -
10 trigonocephaly & 8 44.0/48.0 79/78 negative 1 120 m'(;‘ifr;‘z?”
11 trigonocephaly 3 4 41.0/46.0 87/85 negative 1 150 -
12 brachicephaly  © 6 42.0/45.0 98/95 TWISTH 1 150 -
positive
13 plagiocephaly 3 6 42.5/47.0 100/85 negative 2 140 -
14 cloverleaf syndrome & 6 41.5/48.5 110/80 negative 3 240 -
in 14 patients, using resorbable plates and  Routine postoperative outpatient checkups ~ Results

screws in one case. Fixation was expected
to enhance calvarial rigidity and optimise
final cosmetic effect. The surgery was do-
cumented by photographs and video re-
cordings. Postoperatively, all patients wore
protective helmets to prevent head injury.

with evaluation of results were made in the
third and sixth month postoperatively. Cli-
nical and anthropometric checks with stan-
dard photographs were all performed. All
photographic documentation was conduc-
ted with parental consent.

Table 1 gives a summary of the data on
all 44 patients operated upon for cranio-
synostosis in the years 2003-2009. Of
this number, 30 (68.2%) underwent strip
technique surgery, 14 (31.8%) remodel-
ling surgery. Tables 2 and 3 give an over-

Table 3. Strip technique surgery for craniosynostis — list of patients 2003-2009.

Age in Head circumferenFe .Cephalic index  Genetics Transfusion Surgery Clinical
No Pathology Sex surgery in surgery/after six in surgery/after (FGFR 2,3 (125_ ml t|n_1e remarks
(months) months (cm) six months (cm) TWIST 1) units) (min)
1 scaphocephaly & 7 45.0/48.5 63/63 negative 1 220 -
2 scaphocephaly @ 10 46.5/48.5 70/71 negative 3 210 -
3 scaphocephaly @ 5 41.0/46.0 71/73 negative 2 180 -
4 scaphocephaly & 9 48.0/51.0 70/71 negative 1 210 -
5 scaphocephaly & 5 44.0/50.0 68/71 negative 3 160 -
6 scaphocephaly & 17 48.0/51.0 69/71 negative 1 190 -
7  scaphocephaly @ 10 48.0/50.0 68/72 negative 1 150 -
8  scaphocephaly @ 10 45.0/48.0 69/72 negative 1 135 -
9 scaphocephaly & 10 47.0/48.5 67/69 negative 1 140 -
10  scaphocephaly & 10 47.0/48.0 69/73 negative 0 120 -
11 scaphocephaly & 14 42.0/43.5 74/78 negative 1 100 -
12 scaphocephaly ¢ 7 44.5/45.0 63/66 negative 1 105 -
psycho-
13 trigonocephaly & 7 42.0/48.0 80/79 negative 3 240 motoric
retadration
14 brachycephaly @ 4 44.5/45.5 91/84 negative 1 95 -
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Fig. 1. Preoperative state in patient with dolchocephaly in

four months.

view of patients operated upon by the
authors in the indicated period. Table 2
reviews the 14 patients operated upon
under the new protocol and using remo-
delling surgery. The mean patient age

patient.

was 6.8 = 2.2 months, the mean blood
transfusion quantity was 1.2 + 0.4 trans-
fusion units (TU) of 125ml. Mean head
circumference increment after 6 mon-
ths was 4.0 £ 1.6cm. Mean Cl difference

Fig. 3. Postoperative remodeling technique outcome.

after 6 months in four dolichocepha-
lic patients was 7.5 + 0.5; in all craniosy-
nostosis patients 6.7 + 7.8. In one case,
a positive TWISTT ¢.310 T (p.Glu104X)
mutation was detected. Surgery mean
time was 168.6 + 45.7 minutes. No per-
operative or postoperative complicati-
ons occured. Table 3 reviews the set of
14 patients operated upon by the authors
using strip surgery without pre-operative
preparation. The patients’ mean age was
8.9 + 3.5 months, mean blood transfu-
sion amount was 1.5 + 0.8 TU. Eprex was
adiministered in one patient postopera-
tively due to contraindication to blood
transfusion. Mean head circumference in-
crement after 6 months was 2.8 + 1.7.cm.
Mean ClI difference after 6 months in
12 dolichocephalic patients was 2.4 + 1.3;
in all craniosynostosis patients 2.6 + 1.8.
No abnormal results were obtained in ge-
netic tests. Mean surgery time was 161.1
+ 47.9 minutes. No peroperative or po-
stoperative complications occured. For
statistical evaluation, the pairedt-test was
performed to assess differences in age,
head growth, Cl, surgery time and trans-
fusion amount across the two groups. In
terms of patient age, calculatedt = 1.875;
p = 0.083 indicated no significant diffe-
rence. For head circumference, calcula-
tedt = 1.806; p = 0.094 also indicated no
significant difference, but using the non-
parametric Wilcoxon test for the assess-
ment,t = 6.067; p = 0.052, the values al-
most reached statistical significance at
the p <0.05 level. By evaluating the Cl dif-
ference in scaphocephalic patients using

Cesk Slov Neurol N 2011; 74/107(2): 168-174
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ANOVA t-test summary data analysis, the
means of the two groups were signifi-
cantly different (mean group difference
5.08 £ 0.44,t(14)=7.750; p < 0.001). By
evaluating the Cl difference in all cranio-
synostosis patients,t = 2.066; p = 0,059
almost reached significance at p <0.05
level. Minimal group mean difference
-0.149;t = 0.520; p = 0.612 obtained by
analyzing the transfusion amounts in both
groups obviously indicated no significant
difference. Surgery time was not signifi-
cantly different between the groups (t =
0.454; p = 0.657). The cosmetic postope-
rative effect was assessed largely visually
by surgeons’ and parental assessment,
and found to be better in patients in the
remodelling surgery group, mainly due to
early visible head shape improvement. Fi-
gures 1-3 show surgical remodeling tech-
nigue and postoperative outcome in a pa-
tient with dolichocephaly operated upon
at four months of age. Figures 4 and 5
show the pre-operative and postoperative
state in a patient treated with remodeling

technique for trigonocephaly.

Based on these results, we deduce that
employment of cranial vault remodeling
technique offers better and earlier visible
cosmetic and therapeutic (psychomotor
retardation prevention) effects compared
to strip craniectomy. Anticipated higher
transfusion needs [9] and higher compli-
cation rates in very young patients trea-
ted with more stressful and possibly not
significantly prolonged remodelling tech-
nigue surgery may be eliminated or even
lowered by dose-tailored haematological
preparation with maximized pre-opera-
tive red blood count levels. Photographic
documentation conducted with parental
consent allowed assessment of the cos-

metic results of surgery.

Discussion

In recent decades there has been
a growing tendency to avoid strip crani-
ectomies because of their inadequacy in
complex craniosynostoses. The timing
for surgery has also changed, with treat-
ment of younger children [10-14]. De-
spite the fact that some surgeons prefer
endoscopic operations [15—18], minimally
invasive techniques [19] or distraction de-
vices [20-25], the remodeling technique
still remains a gold standard, based on its
greater effectiveness [26,27]. Suitable re-
sorbable plates are available for the fixa-

Fig. 4. Preoperative state in patient with trigonocephaly in five months.

/,

Fig. 5. Postoperative remodeling technique outcome after six months.
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tion of the calvarial fragments, and they
guarantee maximum strength [28-31].
Demanding operations on very young
children are also associated with higher
surgical risk and especially with compara-
tively high blood loss, since overall blood
volume and haemocoagulation systems
are immature [32-34]. Transfusion requi-
rements and risk can be lowered by ma-
ximizing red blood count before surgery.
The risk of blood loss and its related need
for blood transfusion can be to a great ex-
tent forestalled by comprehensive haema-
tological examination and individual pre-
paration with administration of vitamins,
microelements and erythropoetine [35].
Bearing these facts in mind, in 2007 the
authors began a project for the improve-
ment of surgical treatment for craniosy-
nostosis patients and created an algori-
thm for early assessment, diagnostics and
early remodelling operative treatment of
craniosynostosis patients, using individu-
alized pre-operative haematological pre-
paration. Our results, in terms of visual as-
sessment, head circumference increment
and Cl difference in dolichocephalic pa-
tients, clearly favored remodelation sur-
gery when compared with data in the lite-
rature [14,36-38]. More demanding and
not significantly prolonged remodelling
surgery performed in very young children
after individualized haematological pre-
paration was associated with no need for
additional transfusion in our study; on the
contrary, transfusion consumption was
slightly lower. Comparing these data with
the literature [7,9], our results support
the positive influence of pre-operative
heamatological preparation on lowering
transfusion need. Mortality and morbidity
rates in our patient group were excellent
and other parameters also compared well
with data in the literature [14,36,38-43].
Both diagnostic and postoperative
head shape evaluation is classically based
on 3D CT and craniometric evaluation,
largely employing CI [44]. In our opi-
nion, simple head circumference is still
useful in evaluating postoperative head
growth with respect to normal brain de-
velopment and prevention of psychomo-
tor retardation [45]. CI computed from
two-dimensional craniometric data is uns-
atisfactory for evaluation of cosmetic out-
come, particularly in non-dolichocephalic
patients, although it is routinely recorded
worldwide. Usually, sets of photographs

taken in the course of patient follow-up
may document cosmetic outcome. This
method was used for our patients. In our
opinion, photographic documentation is
currently highly valuable to the assess-
ment of pre-operative and postoperative
status and the cosmetic results of surgery.
Despite this, all these methods fail in ob-
jective, comparable, fast and easy head
shape assessment and follow-up. There-
fore new optical 3D morphometric me-
thods have been developed and are co-
ming into use to obtain non-invasively
stereoscopic and metrical information,
avoiding radiation and any need for gene-
ral anaesthesia [46]. These methods also
open up the possibility of virtual pre-ope-
ratively-tailored planning of the stages of
cranial vault remodeling [47-53], with
possible robotic surgery implementation
in the future. Despite all these perspecti-
ves, more or less subjective, individual vi-
sual outcome assessment and parent sa-
tisfaction are likely to remain significant
tools in the assessment of outcome .

Conclusion

The established algorithm for diagnosis
and therapy in craniosynostosis is capable
of diagnostic specification, improvement
of operative results and reduction of peri-
operative risk, especially blood-transfu-
sion-related. The cranial vault remode-
ling surgical technique, together with
with compehensive, tailored pre-opera-
tive care is a safe and efficient procedure
in the treatment of craniosynostosis even
in very young children.
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