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Summary

 Objective. To review the results and complications of 
the surgical treatment of craniosynostosis in 283 conse-
cutive patients treated between 1999 and 2007.
 Patients and methods. Our series consisted of 330 
procedures performed in 283 patients diagnosed with 
scaphocephaly (n=155), trigonocephaly (n=50), anterior 
plagiocephaly (n=28), occipital plagiocephaly (n=1), 
non-syndromic multi-suture synostosis (n=20), and with 
diverse craniofacial syndromes (n=32; 11 Crouzon, 11 
Apert, 7 Pfeiffer, 2 Saethre-Chotzen, and 2 clover-leaf 
skull). We used the classification of Whitaker et al. to 
evaluate the surgical results. Complications of each 
technique and time of patients’ hospitalization were also 
recorded. The surgeries were classified in 12 different 
types according to the techniques used. Type I compri-
sed endoscopic assisted osteotomies for sagittal synosto-
sis (42 cases). Type II included sagittal suturectomy and 
expanding osteotomies (46 cases). Type III encompassed 
procedures similar to type II but that included frontal 
dismantling or frontal osteotomies in scaphocephaly (59 
cases). Type IV referred to complete cranial vault remo-
delling (holocranial dismantling) in scaphocephaly (13 
cases). Type V belonged to fronto-orbital remodelling 
without fronto-orbital bandeau in trigonocephaly (50 
cases). Type VI included fronto-orbital remodelling 
without fronto-orbital bandeau in plagiocephaly (14 
cases). In Type VII cases of plagiocephaly with fronto-
orbital remodelling and fronto-orbital bandeau were 
comprised (14 cases). Type VIII consisted of occipital 
advancement in posterior plagiocephaly (1 case). Type 
IX included standard bilateral fronto-orbital advan-
cement with expanding osteotomies (30 cases). Type X 
was used in multi-suture craniosynostosis (15 cases) and 
consisted of holocranial dismantling (complete cranial 
vault remodelling). Type XI included occipital and sub-
occipital craniectomies in multiple suture craniosynos-
tosis (10 cases) and Type XII instances of fronto-orbital 

distraction (26 cases).
 Results. The mortality rate of the series was 2 out of 
283 cases (0.7%). These 2 patients died one year after 
surgery. All complications were resolved without per-
manent deficit. Mean age at surgery was 6.75 months. 
According to Whitaker et al’s classification, 191 
patients were classified into Category I (67.49%), 51 
into Category II (18.02%), 30 into Category III (10.6%) 
and 14 into Category IV (4.90%). Regarding to cranio-
facial conformation, 85.5 % of patients were considered 
as a good result and 15.5% of patients as a poor result. 
Of the patients with poor results, 6.36% were craniofa-
cial syndromes, 2.12% had anterior plagiocephaly and 
1.76% belonged to non-syndromic craniosynostosis.
 The most frequent complication was postoperative 
hyperthermia of undetermined origin (13.43% of the 
cases), followed by infection (7.5%), subcutaneous 
haematoma (5.3%), dural tears (5%), and CSF leakage 
(2.5%). The number of complications was higher in the 
group of re-operated patients (12.8% of all). In this 
subset of reoperations, infection accounted for 62.5%, 
dural tears for 93% and CSF leaks for 75% of the total. 
In regard to the surgical procedures, endoscopic assis-
ted osteotomies presented the lowest rate of complica-
tions, followed by standard fronto-orbital advancement 
in multiple synostosis, trigonocephaly and plagioce-
phaly. The highest number of complications occurred 
in complete cranial vault remodelling (holocranial 
dismantling) in scaphocephaly and multiple synostoses 
and after the use of internal osteogenic distractors. Of 
note, are two cases of iatrogenic basal encephalocele 
that occurred after combined fronto-facial distraction. 
 Conclusions.  The best results were obtained in 
patients with isolated craniosynostosis and the worst in 
cases with syndromic and multi-suture craniosynosto-
sis. The rate and severity of complications were related 
to the type of surgical procedure and was higher among 
patients undergoing re-operations. The mean time of 
hospitalization was also modified by these factors. Fina-
lly, we report our considerations for the management of 
craniosynostosis taking into account each specific tech-
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nique and the age at surgery, complication rates and the 
results of the whole series.
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Tratamiento quirúrgico de las craneosinostosis aisla-
das y sindrómicas. Resultados y complicaciones en 283 
casos consecutivos

Resumen

 Objetivos. Revisar y analizar los resultados y las com-
plicaciones del tratamiento en nuestra serie de 283 casos 
consecutivos de craneosinostosis, tratados por medio de 
330 procedimientos quirúrgicos transcraneales entre 
los años 1999 hasta el 2007.
 Pacientes y métodos. La serie consta de 155 
escafocefalias, 50 trigonocefalias, 28 plagiocefalias 
anteriores, 1 plagiocefalia occipital, 20 craneosinostosis 
múltiples no sindrómicas y 32 síndromes craneofaciales 
(11 Crouzon, 11 Apert, 7 Pfeiffer, 2 Saethre-Chotzen y 
2 cráneos en hoja de trébol). Para la evaluación de los 
resultados quirúrgicos hemos empleado la conocida cla-
sificación de Whitaker. Por otra parte, para el estudio de 
las complicaciones, los procedimientos quirúrgicos utili-
zados se han clasificado en 12 tipos: Tipo I: osteotomías 
asistidas por endoscopia en las escafocefalias (42 casos). 
Tipo II: suturectomía sagital y osteotomías expansivas 
(46 casos). Tipo III: la misma técnica que en el grupo 
anterior, pero incluyendo el desmontaje frontal o bien 
osteotomías de la región frontal en escafocefalias (59 
casos). Tipo IV: remodelación completa de la bóveda 
craneal (desmontaje holocraneal) en escafocefalias (13 
casos). Tipo V: remodelación fronto-orbitaria sin barra 
fronto-orbitaria en trigonocefalias (50 casos). Tipo 
VI: remodelación fronto-orbitaria sin barra fronto-
orbitaria en plagiocefalias anteriores (14 casos). Tipo 
VII: remodelación fronto-orbitaria con barra fronto-
orbitaria en plagiocefalias anteriores (14 casos). Tipo 
VIII: avance occipital en plagiocefalias posteriores (1 
caso). Tipo IX: avance fronto-orbitario standard con 
osteotomías expansoras (30 casos). Tipo X: desmon-
taje holocraneal (remodelación completa de la bóveda 
craneal) en craneosinostosis múltiples (15 casos). Tipo 
XI: craneotomías occipitales y craniectomías de fosa 
posterior en craneosinostosis múltiples (10 casos). Tipo 
XII: distracción fronto-orbitaria (26 casos). Los datos 
de la estancia media de los pacientes también se han 
calculado según el tipo de procedimiento.
 Resultados. La mortalidad de la serie fue de 2 casos 
entre 283 pacientes. Todas las complicaciones se resolvie-

ron sin déficits aparentes y la edad media de la serie en 
la primera intervención fue de 6.75 meses. Globalmente 
y siguiendo la escala de Whitaker, 191 pacientes se cla-
sificaron en Categoría I (67,49%), 51 en la Categoría II 
(18,02%), 30 en la Categoría III (10,6%) y 14 en la Cate-
goría IV (4,90%). Es decir, en el 85,5% de los pacientes 
se obtuvo un buen resultado en cuanto al grado de 
mejoría de la morfología craneofacial mientras que en 
el 15,5% el resultado fue considerado como pobre. De 
estos últimos pacientes casi la mitad de los casos (6,36%) 
eran síndromes craneofaciales, el 2,12% plagiocefalias 
anteriores y el 1,76% craneosinostosis múltiples no 
sindrómicas. La complicación más frecuente fue la 
hipertermia posoperatoria no filiada (13,43%), seguida 
por las infecciones (7,5%), los hematomas subcutáneos 
(5,3%), los desgarros durales (5%) y las fístulas de 
LCR (2,5%). La frecuencia y el tipo de complicaciones 
aumentaron en número e importancia en el grupo de 
pacientes reoperados (12,8% de toda la serie): 62,5% 
de todas las infecciones, 93% de los desgarros durales 
y 75% de las fístulas de LCR. Considerando los pro-
cedimientos quirúrgicos, las osteotomías asistidas por 
endoscopia en las escafocefalias fueron los que tuvieron 
menos complicaciones, seguidos de los avances fronto-
orbitarios standard en las craneosinostosis múltiples, 
las trigonocefalias y las plagiocefalias anteriores. Los 
desmontajes holocraneales, tanto en las escafocefalias 
como en las craneosinostosis múltiples, fueron los que 
tuvieron complicaciones más frecuentes, así como las 
técnicas de distracción fronto-orbitaria.
 Conclusiones. Los mejores resultados se obtuvie-
ron en las craneosinostosis aisladas y los peores en las 
craneosinostosis múltiples y sindrómicas. El porcentaje 
y la gravedad de las complicaciones tuvieron rela-
ción con el tipo de procedimiento quirúrgico, siendo 
además más frecuentes e importantes en los pacientes 
reintervenidos. La estancia media también se comportó 
siguiendo estos parámetros.
 Finalmente, hemos podido establecer una serie de 
normas para el tratamiento de las craneosinostosis, 
basados en la edad de los pacientes, los resultados y las 
complicaciones de cada técnica quirúrgica.

PALABRAS CLAVE: Craneosinostosis. Cirugía cráneofa-
cial, tratamiento. Cirugía cráneofacial, resultados. Cirugía 
cráneofacial, complicaciones.

Introduction

 The diagnosis and treatment of craniosynostosis during 
the last decade have been improved by new and different 
techniques for diagnosis and surgical treatment. The use of 
3-dimensional computerized tomography (3-D CT) allows 
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for a better vision of the skull, mostly of the cranial base. 
With the new magnetic resonance imaging (MRI) we can 
see the anatomic alterations of the posterior region of the 
skull and ascertain their role in the pathophysiology of 
intracranial hypertension, especially in syndromic cra-
niosynostosis38,40. Intracranial pressure (ICP) monitoring 
enables the establishment of an appropriate management 
of these patients. On the other hand, there is no doubt that 
reabsorbable osteosynthesis has improved the stability of 
the cranial assemblies, osteogenic distraction has contri-
buted to find further indications in these treatments, and 
endoscopic approaches have made some of these procedu-
res less invasive5,24,26, 27.
 Nevertheless, some problems regarding treatment of 
craniosynostosis still remain unanswered6,22,30,37. Although 
some reports have addressed the global results of craniosy-
nostosis management16,17,41, most of them are from the last 
decade of the 20th century29,30,41 and, in our opinion, they are 
not sufficient to establish a universal accepted algorithm 
of treatment. The scarcity of available publications dealing 
with complications is also surprising. In addition, most 
of them are included in clinical series regarding general 
aspects of the craniosynostoses16,41,44-46 or dealing with 
postoperative infection13,25,48.

Objective

 To review our experience on the treatment of 283 
patients with craniosynostosis seen during the last 9 years, 
aiming at establishing an algorithm of treatment based on 
patients’ age at surgery, results and complications arising 
from the diverse surgical procedures.

Patients and methods

 The files of 283 patients with craniosynostosis who 
underwent 330 surgical procedures were retrospectively 
reviewed. Although our Craniofacial Unit started in 1989, 
our study comprises a 9 year span (from 1999 to 2007). 
The reasons to choose this period include the widespread 
use of 3D-CT and MRI for diagnosis, the homogeneity of 
the surgical techniques utilized and the stability of the staff 
performing these procedures.
 The diagnoses of the 283 cases were scaphocephaly 
(n=155), trigonocephaly (n=50), anterior plagiocephaly 
(n=28), occipital plagiocephaly (n=1), non-syndromic 
multi-suture craniosynostosis (n=20), and 31 craniofacial 
syndromes (11 Crouzon, 11 Apert, 5 Pfeiffer, 2 Saethre-
Chotzen and 2 cloverleaf skull). Mean age of patients 
at the surgery was 6.75 months. All patients underwent 
transcranial procedures, such as diverse craniectomies and 
osteotomies. Reoperations accounted for 37 of 330 surgical 
procedures (11.5%) that were performed for unsatisfactory 

results or relapse. Ten of these procedures were done at the 
time of the initial treatment (posterior fossa craniectomy 
and occipital dismantling). Cases of facial advancement 
were not included in this series. All children received at 
least two doses of anti-pneumococcal vaccine. Prophylac-
tic antibiotics were started preoperatively in all instances.
 We employed the classification of Whitaker and asso-
ciates45 to evaluate the surgical results:
 Category I: no refinements or surgical revisions consi-
dered advisable or necessary.
 Category II: soft-tissue or lesser bone-contouring revi-
sions advisable apt to be performed on an outpatient basis 
or requiring a maximum of 2-day hospitalization.
 Category III: major alternative osteotomies or bone-
grafting procedure advisable, i.e., orbital repositions, on-
lay bone grafts, being these procedures not so extensive as 
the original operations.
 Category IV: a major craniofacial procedure advisable, 
duplicating or exceeding the original operation.
 Complications were classified as cranial or extracranial, 
including those presenting for a long time-span that ranged 
from the immediate postoperative period to long-lasting 
craniolacunia appearing years after treatment. Only osteo-
synthesis reabsorbable material was used. Infection was 
considered as cranial when either local signs of infection or 
subgaleal or intracranial swelling with concomitant fever 
were detected. Therefore, cultures may have been negative 
as prophylactic antibiotics were used. On the other hand, 
to consider an infection as extracranial, cultures must have 
been positive. Some cases were diagnosed with postopera-
tive fever of undetermined origin when the patients showed 
a higher than 38º body temperature during the first posto-
perative days, in the absence of local signs of infection or 
positive cultures. To complete this study, the mean hospital 
stay was evaluated relating it to each surgical procedure.
 Surgical procedures were classified into 11 different 
types:
 Type I: scaphocephaly. Endoscopic-assisted suturec-
tomy and osteotomies. We started using this technique in 
2003, having treated by this method 42 children whose 
mean age at surgery was of 4.14 months. The surgical tech-
nique (Fig.1) has been previously reported24,25.
 Type II: scaphocephaly. Suturectomy and expanding 
osteotomies. Standard technique (Fig.2): sagittal sutu-
rectomy and green-stick parieto-temporal and occipital 
osteotomies were performed through a bicoronal incision. 
This technique includes 46 cases whose mean age was 6.26 
months.
 Type III: scaphocephaly. Suturectomy and expanding 
osteotomies including frontal bone remodelling (Fig.2). 
In cases with severe frontal bulging, shell osteotomies in 
the frontal bone or complete dismantling and remodelling 
were added to the standard technique (type III). We opera-
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Figure 1. Type I: scaphocephaly. Endoscopic-assisted suturectomy and osteotomies. A: patient resting in modified prone 
position. B: surgical patties showing subcutaneous dissection. C: sagittal suture excision complete. D: excised sagittal 
suture showing characteristic grooving of the superior sagittal sinus.

Figure 2. Scaphocephaly. A:  Type II.  Suturectomy and expanding osteotomies. Standard technique. B and C: Type III and IV. 
Scaphocephaly. Suturectomy and expanding osteotomies including frontal bone remodelling. D: total cranial vault remodel-
ling (holocranial dismantling).

Esparza et al
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ted with this procedure 59 patients (mean age 6.5 months) 
including 3 reoperations.
 Type IV: Scaphocephaly. Total cranial vault remode-
lling (holocranial dismantling) consisted of sagittal and 
bicoronal suturectomies with wide craniotomies for com-
plete remodelling of the cranial vault. We usually carried 
out this technique in a single stage, changing the child’s 
position from supine to modified prone (Fig.2). It was per-
formed in 13 patients (mean age 10.5 months).
 Type V: Trigonocephaly. Frontal remodelling without 
fronto-orbital “bandeau” (Fig.3). This technique has 
already been reported from our department23,32 and con-
sisted of a very low bilateral fronto-orbital craniotomy, 
drilling of the supra-orbital eminences and transposition 
of a selected parietal bone. 56 patients (mean age 6.65 
months) were operated with this technique including 2 re-
operations.
 Type VI: anterior plagiocephaly. Frontal bilateral remo-
delling without frontal-orbital “bandeau”. The technique is 
similar to the previously described32 and included an exten-
sive pterional resection. It was used in 16 cases (3 reopera-
tions) with a mean patients’ age at surgery of 10 months.
 Type VII: anterior plagiocephaly. Frontal bilateral 
remodelling with frontal-orbital “bandeau”. It was perfor-

med in 16 additional cases (3 reoperations) whose mean 
age at surgery was 9.5 months. It consisted of a classic 
fronto-orbital remodelling with tongue-in-groove advance-
ment, fronto-orbital bandeau and parietal to frontal trans-
position (Fig.3).
 Type VIII: occipital plagiocephaly. Occipital remode-
lling was performed in a single case by occipital bilateral 
craniotomy.
 Type IX: standard bilateral fronto-orbital advancement 
with expanding osteotomies (Fig.4) consisted of standard 
bilateral fronto-orbital advancement with or without 
fronto-orbital bandeau plus expanding fronto-parietal 
osteotomies. This method was performed in 30 patients (8 
reoperations) with a mean age of 9 months and comprised 
10 cases with non-syndromic multi-suture craniosynostosis 
and 15 with craniofacial syndromes (5 Crouzon, 5 Apert, 3 
Pfeiffer and 2 Saethre-Chotzen).
 Type X: holocranial dismantling (total vault remode-
lling) in multiple craniosynostosis (Fig.4). It consisted of 
extensive frontal, parietal and occipital craniotomies to 
achieve a complete vault remodelling performed through 
a bicoronal incision. As in type V technique used for sca-
phocephaly, the patient is changed from supine to prone 
position in the same surgical session. Fifteen children (8 

509-529

Figure 3. A and B: Type V: trigonocephaly. Frontal remodelling without fronto-orbital “bandeau”. The arrow shows the 
bone pieces necessary for a proper assembly. C: Type VI: anterior plagiocephaly. Frontal bilateral remodelling without 
fronto-orbital “bandeau”. D: Type VII: anterior plagiocephaly. Frontal bilateral remodelling with fronto-orbital “ban-
deau”. Note: the fronto-orbital “bandeau” (arrow).
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reoperations, mean age of 8.5 months) were treated with 
this technique, 4 with multiple non-syndromic craniosy-
nostosis, 8 with Crouzon’s and 2 with Apert’s syndromes.
 Type XI: posterior fossa (sub-occipital) craniectomies 
and occipital dismantling. It was performed in 10 cases for 
the treatment of multiple synostosis of the posterior region 
of the skull. Three children suffered from multi-suture non-
syndromic craniosynostosis and 7 from craniofacial syn-
dromes (3 with Crouzon’s, 1 with Apert’s, 1 with Pfeiffer’s 
syndrome and 2 with cloverleaf skull). All of them had ton-
sillar herniation at MRI, 2 cases presented cervical syrin-
gomyelic cavities and 7 cases developed hydrocephalus. 
Due to huge venous anomalies of the posterior fossa only 
in 3 cases could a dural opening be accomplished.
 Type XII: internal osteogenic distraction techniques. 
They were used only for fronto-orbital distraction. Patients 
with scaphocephaly or trigonocephaly that underwent 
internal distraction were few and were not included in the 
series. Internal osteogenic distraction was started in our 
unit in 2004. 26 cases (mean age 10 months) were opera-
ted on, 7 with anterior plagiocephaly,  4 with multi-suture 
non-syndromic craniosynostosis and 15 with craniofacial 
syndromes, including 5 Crouzon, 6 Apert and 4 Pfeiffer 
instances. Reabsorbable material was used in all but two 
patients. We used 2 distractors over the affected coronal 
suture in anterior plagiocephaly. In multi-suture synostosis, 

4 distractors (2 to each side) were most frequently used. 
Fronto-orbital distractors combined with mid-face distrac-
tion were used in 5 cases with craniofacial syndromes to 
complete modified “mono-bloc” advancement (3 cases 
with internal mid-face and 2 with external distractors). 
Internal distraction as a rescue technique after an unsatis-
factory result or after relapse was utilized in 9 cases.
 Hydrocephalus. Associated hydrocephalus was found 
and treated with a VP shunt in 22 patients (Table III). 
 ICP monitoring. Twenty-five patients underwent a 48-
hour ICP recording by an ICP intraparenchymal sensor.  

Results

 (Tables I, II, III). Two patients died 1 year after the 
initial surgery. The first one was an 18-month-boy with 
Pfeiffer syndrome and cloverleaf skull, who died of recu-
rrent respiratory infections related to tracheotomy. The 
second patient, a boy with Pfeiffer syndrome, developed a 
basal encephalocele after a modified monobloc craniofacial 
advancement and died of fulminant meningitis 1.5 years 
after the transcranial encephalocele repair.
 Rating of the cases (Table I) was done after the initial 
treatment and, although some cases had been re-operated, 
these were not rated again in the present series. As a whole, 
and according to Whitaker et al.’s scale45, 191 (67.49%) 

509-529

Figure 4. A and B: Type IX. Standard bilateral fronto-orbital  advancement. C and D: Type X. Holocranial dismantling (total 
vault remodelling).

Esparza et al
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patients were classified into Category I, 51 (18.02%) into 
Category II, 30 (10.6%) into Category III and 14 (4.90%) 
into Category IV. In short, 85.5% of the patients were con-
sidered to have attained a good result regarding craniofa-
cial conformation and 15.5% as a poor result (Table I). Of 
these unsatisfactory results, 6.36% of patients belonged to 
craniofacial syndromes, 2.12% to cases with anterior pla-
giocephaly and 1.76% to instances of multiple non-syndro-
mic craniosynostosis.
 Regarding the diverse diagnostic group, the worst 
results were seen in craniofacial syndromes (58% of cate-
gories III and IV) followed by multiple non-syndromic cra-
niosynostosis (25%) and anterior plagiocephaly (21.4%). 
The best results were achieved in patients with trigonoce-
phaly (92%) and scaphocephaly (91.6%).
 The results were also analyzed considering the surgical 
technique applied (Table II).

Scaphocephaly
 123 cases of scaphocephaly were rated into Category I, 
19 into Category II, 12 into Category III and 1 into Cate-
gory IV, being 91.6% of them rated as the best categories 
with only 8.38% regarded as a poor result. These unsatis-
factory results were related to insufficient correction of 
frontal bossing. Forty two children (mean age at surgery 
of 4.14 months) were operated with endoscopic-assisted 
suturectomy and osteotomies (Type I procedure). Thirty 
five cases were rated into category I, 4 into category II, 2 
into category III and 1 into category IV. Thirty five children 
underwent postoperative helmet therapy.
 Forty six children with a mean age of 6.26 months 
were operated by suturectomy and expanding osteotomies 
(Type II procedure or standard technique) and 34 cases 
were rated as category I, 4 as category II, 5 as category 
III and 2 as category IV. Fifty nine children (mean age 
6.5 months) with severe frontal bulging were submitted to 
suturectomy and expanding osteotomies including frontal 
bone remodelling (Type III procedure ), 51 were rated into 
category I, 4 into category II, 4 into category  III y 1 into 
category  IV. Finally, in 13 cases a Type IV procedure 
with total cranial vault remodelling was performed (holo-
cranial dismantling). Three of these cases were rated into 
category I, 7 into category II, 2 into category III and 1 into 
category IV.

Trigonocephaly
 Fifty children with trigonocephaly underwent a Type 
V procedure consisting of frontal remodelling without 
fronto-orbital “bandeau”. Forty four of them were classed 
as category I, 7 as category II and 1 as category III. The  
children (n=8) that were not rated into category I presented 
mild “narrowing” of the new frontal bone probably due to 
the placement of a too narrow parietal template.

Anterior plagiocephaly
 This subset comprised 28 patients who were rated as 
follows: 15 fell into category I, 7 into category II, 3 into 
category III and 3 into category IV. Latterly, 6 children 
were considered as a poor end-result.  Ten cases were trea-
ted by frontal bilateral remodelling without frontal-orbital 
“bandeau” (Type VI procedure) and a further 11 children 
with type VII procedure (bifrontal remodelling with fronto-
orbital “bandeau”). The mean age at surgery of the first 
group was 10 months and that of the second 9.5 months. 
There were no major differences in the results of the two 
groups; nevertheless the type VI procedure was applied 
in minor and moderate cases. Fronto-orbital advancement 
with an osteogenic distractor was performed in 7 cases, 3 of 
them were rated into category II, 2 into category III, and 2 
into category IV. Orbital dystopia and pterional hollowing 
were the main factors leading to a bad result. A permanent 
deviation of the nasal axis was observed in 6 patients con-
sidered as a bad result.

Occipital plagiocephaly
 Only a 4-year-old boy was treated of true unilateral 
occipital plagiocephaly and attained a good end-result.

Non syndromic multiple craniosynostosis.
 This group accounted for a total of 20 cases. Ten chil-
dren presented unique brachycephaly and were treated 
with bilateral fronto-orbital advancement, 3 of them with 
osteogenic distractors. Four patients with turri-brachyce-
phaly were treated with craniofacial advancement; 2 with 
osteogenic distractors and 2 with a Type IX procedure 
(standard bilateral fronto-orbital advancement plus expan-
ding osteotomies). Six patients presented with oxycephaly 
and were operated with holocranial dismantling. The 
cranial deformation in the last 2 cases was a true bilateral 
occipital plagiocephaly combined with deformational bra-
chycephaly, that was treated by an occipital remodelling. 
The outcomes in this group were classified as: category I in 
9 children (6 with brachycephaly and 3 with turribrachyce-
phaly); category II in 6 cases (4 with oxycephaly and 2 with 
brachycephaly); one case of oxycephaly and 2 of turribra-
chycephaly fell in category III; and 2 cases into category IV 
(1 with oxichephaly and 1 with turribrachycephaly).

Craniofacial syndromes

Crouzon syndrome
 Eleven children with Crouzon’s syndrome had oxyce-
phaly and were treated with total vault remodelling (n=7), 
bilateral fronto-orbital conventional advancement (n=4) 
and with osteogenic distractors (n=2). Regarding results, 2 
cases were classified as category II, 5 as category III and 4 
as category IV.

509-529Esparza et al
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Apert syndrome
 Ten of 11 patients with Apert’s syndrome presented 
turri-brachycephaly and were treated with fronto-orbital 
advancement, 8 cases with osteogenic distractors and 2 
cases with a conventional type IX procedure. One case pre-
sented severe oxycephaly and underwent a type XI proce-

dure (holocranial dismantling). Five cases were rated into 
category II, 4 into category III and 2 cases into category 
IV.

Pfeiffer syndrome
  All patients with this syndrome (n=5) showed turribra-

509-529

Figure. 5. A and B: posterior fossa in Crouzon 
syndrome. Bone displasia, bony ridging 
and spikes are shown. C and D: MRI in two 
Crouzon patients. Tonsillar herniation and 
cervical syringomyelia.

Figure. 6. A and B: carotid angiography in Crouzon’s 
syndrome, venous phase. Arrows point diverse venous 
anomalies. The torcula does not exist and the sagittal 
sinus continues towards a large occipital sinus with 
transverse foramen magnum sinuses. Anomalous 
large draining vein (double arrow). C and D: vascu-
lar reconstruction in the same case. Great occipital 
sinus and transverse foramen magnum sinuses are 
present. Intraoperative opening of posterior fossa 
dura mater was considered impossible.
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chycephaly, 2 underwent a standard bilateral fronto-orbital 
advancement (type IX procedure) and 3 were treated with 
osteogenic distractors.

Saethre-Chotzen syndrome
 One of the children with this condition underwent bila-
teral fronto-orbital advancement (type IX procedure) and 
the other one was treated with osteogenic distractors. The 
first one was regarded as category I and the second one as 
category II.
 
Cloverleaf skull
 There were 2 instances of cloverleaf skull. One was 
diagnosed with Pfeiffer’s syndrome and was treated by 
fronto-orbital advancement with osteogenic distractors and 
by cranial decompressing osteotomies. This patient died of 
tracheotomy-related recurrent rrespiratory infections 1 year 
after surgery. The second one, diagnosed with Apert’s syn-
drome, was treated with parieto-occipital dismantling and 
posterior fossa decompression and achieved a good clinical 
evolution.
 In summary, patients with craniofacial syndromes 
exhibited worse results than those with other types of cra-
niosynostosis (2 patients included into category I, 11 into 
category II, 11 into category III and 7 into category IV).

Posterior cranial craniosynostosis
 Dural opening could be performed in only 3 of 10 

patients treated with occipital dismantling and posterior 
fossa craniectomy (2 with non-syndromic multiple cranio-
synostosis and 1 with Apert’s syndrome). This problem was 
due to severe anomalies in the venous drainage (Fig. 5-7) 
and to the presence of huge osseous crests on the inner sur-
face of the skull. All patients improved in regard to shape 
of the parieto-occipital region and of the rest of the skull 
(Fig. 8). Tonsillar herniation that was present in 2 instances 
improved after the surgeries as shown by MRI.

Hydrocephalus
 (Table III). Twenty two children (7.7 % of the whole 
series) were given a VP shunt for treatment of associated 
hydrocephalus. Eighteen patients presented multiple cra-
niosynostosis, especially instances of Crouzon’s syndrome 
(9 of 11 operated Crouzon cases). A CSF shunt was inser-
ted before surgical correction of the craniosynostosis in 12 
patients and after the cranial procedure in 10 further instan-
ces. Two patients developed postoperative shunt infections 
that evolved satisfactorily.

ICP monitoring
 ICP was recorded in 25 patients with craniosynostosis. 
ICP monitoring was performed before the first cranial 
procedure in 10 patients and prior to the treatment of 
the relapse in 15. Twenty children, especially those with 
Crouzon’s syndrome, presented intracranial hyperten-
sion.

509-529

Figure. 7. Cloverleaf skull in a 3-month tod-
dler. Pfeiffer syndrome. A and B: exophthal-
mia with globe herniation during Valsalva 
manoeuvre. C and D: postoperative view after 
combined fronto-facial distraction. Great 
improvement was achieved. Unfortunately 
this child died 18 months later tracheostomy- 
related repeated infections.

Esparza et al
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Complications

 (Tables IV, V, VI). Cases treated with a type IX pro-
cedure (posterior fossa craniectomy) and the single case 
of occipital plagiocephaly (type VIII) were not included 
in the evaluation of complications because we consider 
that they underwent a different and special type of sur-
gery.

Intracranial complications
 (Table IV). There were 14 instances of wound infec-
tion, 17 of non-infected subgaleal haematoma and 11 of 
infected subgaleal haematoma, needing all of them sur-
gical drainage. Two cases had an intracranial empyema 
that was surgically treated. A dural tear was produced in 
15 surgeries that was repaired “in situ”. We experienced 
8 CSF leaks with subgaleal collections (6 treated conser-
vatively, 2 with a lumbar drainage and 1 with associated 
hydrocephalus treated with VP shunting). One case of 
cerebral contusion was managed conservatively. There 
were 2 instances of basal encephalocele complicating 
modified monobloc advancement. Seven patients with 
persistent craniolacunia required further surgeries. 
Three patients presented skin scarring due to plate 
implants and 1 patient manifested a granulomatous reac-
tion to the resorbable material. In summary, the infection 
rate for the whole series was 7.5%, accounting subgaleal 
haematomas for 5.3% of infectious complications. Dural 
tears occurred in 5% of the cases and a CSF leakage in 
2.5%.

Extracranial complications
 (Table V). Postoperative hyperthermia of undetermined 
origin was found in 43 cases (13.43 %). Central venous 
line infections were present in 7 cases (5.3%), respiratory 
tract infections in 10 (3.1%) and urinary tract infections in 
9 (2.8%). Other complications were rare.

Complications in reoperations
 (Table VI). A reoperation was performed in 37 patients 
(11.56%), 21 diagnosed with multiple craniosynostosis. 
Complications in this group were more frequent than in 
the whole series. There were 8 cases of surgical wound 
infection, 9 of subgaleal haematoma (3 with infection), 2 
of empyema, 13 with dural tears, 6 with a CSF leakage, 1 
of cerebral contusion, and 2 of basal encephalocele. There 
were a total of 15 infections, accounting for 62.5% of infec-
tious complications of the series. A dural tear occurred in 
14 patients and a CSF leakage in 6, accounting for 93% 
and 75% respectively of these complications in the whole 
series. The two cases of basal encephalocele and the one 
with cerebral contusion also belonged to this particular 
group.

Complications in relation to the surgical technique
 A detailed account of the complications arising from 
each type of surgery is given below and in Table IV.
 Type I: scaphocephaly treated with endoscopy-assisted 
osteotomies (42 cases). There was a wound infection and 
an infected subgaleal haematoma in the same patient that 
required surgical drainage.

509-529

Figure 8. Cloverleaf skull in a 5-month 
toddler (Apert syndrome). A: characteris-
tic cloverleaf skull. B: MRI showing cra-
nial conformation. Severe compromise of 
the parieto-occipital area (arrow). Brain 
herniation through the anterior region 
of the skull. Hydrocephalus is present. 
C: MRI after parieto-occipital remodel-
ling: the anterior aspect of the skull has 
improved its appearance. D: postoperative 
aspect of the patient after parietal-occipi-
tal remodelling and expanding posterior 
fossa craniectomy performed in a second 
stage.
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 Type II: scaphocephaly managed with standard sutu-
rectomy and expanding osteotomies (46 cases): there were 
4 surgically-evacuated subgaleal haematomas (1 infected) 
and 1 case of persistent craniolacunia.
 Type III: scaphocephaly corrected by sagittal suturec-
tomy and expanding osteotomies plus frontal dismantling 
(59 cases). Complications consisted of: 3 subgaleal haema-
tomas (1 with infection), all of them surgically treated, 1 
surgically-evacuated subdural empyema, 1 persistent cra-
niolacunia, and 2 wound dehiscence that solved with local 
treatment.
 Type IV: scaphocephaly treated with total cranial vault 
remodelling (holocranial dismantling, 13 cases). With this 
technique we observed 1 dural tear; 4 subgaleal hematomas 
(2 infected) that were surgically evacuated and 1 case of 
persistent craniolacunia.
 Type V: trigonocephaly managed with bilateral fronto-
orbital remodelling without fronto-orbital “bandeau” (50 
cases). In this group we experienced: 2 dural tears and 2 
infected subgaleal haematomas that were operated on.
 Type VI: anterior plagiocephaly corrected with bilateral 
frontal remodelling without frontal-orbital “bandeau” (10 
cases). This subset of patients experienced 1 wound infec-
tion, 2 dural tears and 1 persistent craniolacunia.
 Type VII: anterior plagiocephaly managed with frontal 
bilateral remodelling and fronto-orbital “bandeau” (11 
cases). This technique suffered the following complica-
tions: 1 wound infection, 2 dural tears, 1 infected haema-
toma and 1 cerebral contusion (conservatively treated).  
Seven cases were treated with fronto-orbital distraction.
 Type IX: standard bilateral fronto-orbital advancement 
with expanding osteotomies in multiple craniosynostosis 

(30 cases). Complications of this procedure were: 1 wound 
infection, 2 subgaleal haematoma, 3 dural tears and 2 per-
sistent craniolacunia.
 Type X: holocranial dismantling (total vault remo-
delling) in multiple craniosynostosis (12 cases). In this 
complex procedure we experienced: 1 wound infection, 2 
infected subgaleal haematoma, 3 dural tears and 2 persis-
tent craniolacunia.
 Type XII: fronto-orbital distraction (Table 1, 26 cases). 
There were 8 cases of local infection that was treated with 
antibiotics, although 3 of them needed withdrawal of the 
device. One of the cases was complicated by a subdural 
empyema that required surgical evacuation. There were 3 
dural tears that were repaired “in situ” and 8 cases of local 
CSF leakage (Fig.3). Two of these were treated with exter-
nal lumbar drainage for 7-days, and one with associated 
hydrocephalus with a VP shunt. The rest was treated con-
servatively.
 Two cases (one Crouzon and one Apert) were compli-
cated with a basal encephalocele (Fig.9).  Both children 
had been treated by combined fronto-orbital and midface 
distraction using external devices. The Crouzon’s case 
presented bilateral postoperative proptosis because of bila-
teral orbital encephalocele while the Apert’s case presented 
nasal CSF discharge in relation to an ethmoidal encepha-
locele. Both cases required surgical repair with closure of 
the meningeal and bone defects. The child with Apert’s 
syndrome died 18 months after surgical repair of fulminant 
meningitis.
 The procedure with the lowest rate of complications 
was endoscopically assisted suturectomiy followed by 
standard fronto-orbital advancements and fronto-orbital 

Figure 9. Left: MRI in a Pfeiffer syndrome patient before treatment. Oxicephaly and hydrocephalus. Right: MRI performed 
2 months after external combined fronto-facial distraction. Basal encephalocele (arrow) is evident.

509-529Surgical treatment of isolated  and syndromic  craniosynostosis. Results and complications  in  283 consecutive cases
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remodelling in trigonocephaly. The techniques with the 
highest number of complications were total cranial vault 
remodelling (holocranial dismantling) in scaphocephaly 
and multi-suture and syndromic craniosynostosis as well as 
distracting techniques.
 Finally, mean hospitalization time in the whole series 
was 11.9 days (Table VII), with an ICU stay of 3 days. The 
highest hospitalization time corresponded to holocranial 
dismantling (Types IV and X) and distraction techniques 
(Type XII).

Discussion

Results

 Objective evaluation of the results in craniofacial sur-
gery constitutes a difficult issue. Despite of the efforts made 
by some authors using different scales4,45, in our opinion, 
the end-results are still a subjective measure. On the other 
hand, the results of craniofacial reshaping do not parallel 
the difficulties that have to be met, as happens especially 
in multiple craniosynostosis, as are hydrocephalus, chronic 
raised ICP, skull base dysplasia with severe alterations in 
the venous drainage of the brain, tonsillar herniation some-
times associated with syringomyelic cavities, sleep apnea 
syndrome and chronic decrease in brain flow22. All of this 
features make difficult establishing a long-term prognosis 
in regard to intellectual capabilities, visual and auditory 
function and, finally, long-term survival of the more severe 
cases.

 The global results of our patients are quite similar to 
those of other reported series29,30,41 consisting of 85.5% of 
good final results and 15.5% of poor outcomes. Craniofa-
cial syndromes accounted for 6.36% of these poor results, 
2.12% corresponded to anterior plagiocephaly and 1.76% 
to non-syndromic craniosynostosis. The best results corres-
ponded to trigonocephaly (92%) followed by scaphoce-
phaly (91.6%). For treatment of trigonocephaly we had to 
design a new frontal bone large enough to avoid narrowing 
of the new frontal region, which would have resulted in a 
poor end-result19,23. The frontal deformity in scaphocephaly 
(“frontal bossing”) has to be treated carefully, using the 
appropriate techniques and taking into account the patients’ 
age.
 At present, anterior plagiocephaly represents a great 
challenge for the craniofacial surgeon2,14,20,21,29. We advise 
to use the conventional unilateral fronto-orbital advan-
cement with “tongue-in-groove” design in the temporal 
region combined with supraorbital “bandeau” in severe 
cases and to include nasal osteotomies if neccessary. In 
cases of mild or moderate involvement we do not perform 
nasal osteotomies because the deviation of the nasal axis 
improves after fronto-orbital advancement.
 Hydrocephalus and intracranial hypertension were fre-
quent in our experience as is in that of others9,36. In regard 
to hydrocephalus, we inserted a VP shunt after the initial 
treatment of the synostosis. ICP monitoring was a powerful 
method that assisted to plan our surgical treatment, especia-
lly in cases of recurrence in multiple craniosynostosis.
 In craniofacial syndromes like Crouzon’s and Pfeiffer’s 

509-529

Table VII
Mean stay in relation to surgical procedures (N= 320, mean stay 11.9 days)

  Type I     Type II     Type III     Type IV     Type V     Type VI     Type VII      Type VIII    Type IX      Type X     Type XII
   N=42      N=46         N=59         N=13        N=50        N=10          N=11             N=1          N=30         N=15         N=26

   11,22       12,4           11,5           16,2           12,9          13,2            13,2              13,5           14,6            20,5           11,9

Type I: scaphocephaly: endoscopically assisted suturectomies.
Type II: scaphocephaly: sagital suturectomy and ”standard” expansive osteotomies.
Type III: scaphocephaly: sagital suturectomy and ”standard” expansive osteotomies, plus frontal remodelling.
Type IV: scaphocephaly: holocranial dismantling.
Type V: trigonocephaly: fronto-orbital remodelling without “bandeau”.
Type VI: anterior plagiocephaly: bilateral fronto-orbital remodelling without “bandeau”.
Type VII: anterior plagiocephaly: bilateral fronto-orbital remodelling with “bandeau”.
Type IX: bilateral fronto-orbital advance with expansive osteotomies.
Type X: holocranial dismantling in multiple craniosynostosis.
Type XI: posterior plagiocephaly. Occipital remodelling.
Type XII: sutural distracting techniques.
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and cloverleaf skull, it is important to take into account the 
abnormalities of the posterior skull and their physiopatho-
logical consequences. Nearly all the patients presented 
bone dysplasias of the posterior skull base, hydrocepha-
lus, chronic intracranial hypertension, tonsillar herniation 
and even syringomyelic cavities. In these complex cases 
we absolutely consider surgical treatment consisting of 
parieto-occipital dismantling together with posterior fossa 
craniectomy and dural opening performed in one or two 
surgical stages. In our opinion, performing studies of 
intracranial veins, either by angio-CT scan or angio-MRI, 
is mandatory before planning surgical treatment to avoid 
severe and even lethal complications43. In our experience, 
posterior fossa venous abnormalities prevented a safe dural 
splitting in 7 of 10 cases. Nevertheless, parieto-occipital 
dismantling and posterior fossa craniectomy improved 
vault morphology and perhaps it even contributed to con-
trol hydrocephalus.

Complications

 Reported mortality rates in the current literature on 
craniofacial surgery are very low41. Fortunately, we expe-
rienced only 2 deaths in our series that occurred 1-year 
after the initial treatment, although the basal encephalocele 
of the patient with Pfeiffer’s syndrome was deemed as a 
severe complication of our treatment. Except for this case, 
most complications solve favourably according to different 
authors11,13,15,41,44,45 and to our own experience.
 The most frequent complication in our series was posto-
perative hyperthermia of unknown cause (13.43%) follo-
wed by cranial infection (7.5%). As in other publications, 
our infection rate was lower than 10%13,15,41,44. Subgaleal 
haematomas (5.3%), dural tears (5%) and CSF leakage 
(2.5%) occurred but in a significantly lower proportion 
than is reported by others13.
 The remaining intracranial complications were not 
considered relevant, as happened with persistent cranial 
defects (n=7), although they required repeat surgery, and 
with the 3 skin plate scarring.
 Several issues in regard to infectious complications 
have been raised in previous publications as type of cranio-
synostosis41, age and surgical timing13, number of surgeons, 
ICU stay48 and rate of reoperations15.  We found two impor-
tant factors related not only to infection but also to the rest 
of complications: a) surgical reoperations and b) type of 
surgical procedure.
 (a). Reoperations. The rate of relapses in our series 
(11.56%) was similar to that of others17,29. There is also an 
analogy with reports as that of Fearon et al15. The group of 
reoperations accounted for 62.5% of our total infection rate 
(7.5%). There was even a closer correlation with the pro-
duction of dural tears (5%). 93% of which took place at the 

time of reoperation. CSF leakage behaved almost the same 
(75% of the total 2.5%). There is little doubt that adhesions 
in the cleavage plane, mostly in the extradural space, make 
surgery more difficult and may favour the occurrence of 
complications including that of dural tears. The use of 
resorbable material constitutes an issue to be taken into 
account that, in our view, has not been adequately addres-
sed. As one can observe during the surgeries, resorbable 
materials favour the formation of adhesions in the epidural 
space making reoperation more difficult and increasing the 
risk for dural tearing.
 (b). Type of surgical procedure. Type XII (fronto-orbi-
tal distraction): there has been an important number of 
publications in the last decade on suture distraction but 
they usually include few cases1,18,34,35. Something similar 
occurs with combined fronto-orbital and midface advan-
cement6,7,10,12,28,31,33 although Cruz et al’s series on this 
regard is outstanding12. Recently, Pelo et al35 reviewed 
exhaustively the current literature that included 130 cases 
and added 8 personal instances. Complications were irre-
levant and comprised local infection, device fracture and 
CSF leakage; although no mention to the patients’ clinical 
condition was made in this paper.
 In our series, complications were more frequent than 
in this last work35. There were 8 CSF leakages and 3 dural 
tears, as well as 8 local infections around the distracting 
devices in the 26 patients treated. There was only one case 
of device breakage. A possible explanation for our higher 
morbidity may lie in our indications since we used distrac-
tion as a “rescue technique” in cases of relapses or of bad 
results after the first operation. In fact, 9 of 26 cases had 
been treated previously with standard fronto-orbital advan-
cement and most of the complications occurred in these 
patients (6 CSF fistula and 3 dural tears). We think that 
dissection of the pterional and of the anterior fossa region 
is not easy without elevating the frontal bones. The possi-
bility for dural tearing is higher among reoperated patients, 
where multiple previous adhesions and resorbing minipla-
tes make dissection more hazardous as has been previously 
reported. In one of our cases, the dural tear was made by the 
perforating screw of the device.
 Leptomeningeal cysts3, encephalocele8, and growing 
skull fracture47 have been previously described as com-
plications of craniofacial surgery. To the best of our 
knowledge, our patients constitute the first report of ence-
phalocele complicating distraction procedures, an issue 
that deserves especial attention. Both basal encephaloceles 
occurred in children with craniofacial syndromes. One of 
them was complicated with bilateral orbital encephalocele 
(Crouzon’s syndrome) and the other one (Pfeiffer’s syn-
drome) with an ethmoidal brain herniation. Both cases hap-
pened after distracting procedures combined with external 
devices, but both of them had been previously treated with 
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standard fronto-orbital advancement at another institution. 
Blind osteotomies could have torn the dura mater and the 
distraction could have expanded the osseous gap. Both 
patients had undergone ICP monitoring before having been 
diagnosed with chronic intracranial hypertension. This 
factor would have probably contributed to brain herniation. 
The child with Pfeiffer’s syndrome in our series died 18 
months after encephalocele repair. Probably, death was the 
consequence of an incomplete isolation of the skull base 
during our treatment.
 Type I procedure, corresponding to endoscopically 
assisted osteotomies in scaphocephaly was the technique 
with fewer complications. Types II (standard procedure for 
scaphocephaly) and III (II plus frontal remodelling) com-
plication rates were not significantly higher. However, in 
patients submitted to holocranial dismantling, such as sca-
phocephaly (type IV) and multiple craniosynostosis (type 
XI) complications were much commoner.
 The treatment for trigonocephaly is presently well 
established19,29 and in our experience fronto-orbital remo-
delling without fronto-orbital bandeau (type V) has proved 
to be an effective technique with a low morbidity rate23. On 
the contrary, anterior plagiocephaly has always been more 
laborious to correct, being complications more frequent 
and its results difficult to predict2,14,20,21,39. Nevertheless, 
there were few complications among our patients and we 
did not find significant differences between the two tech-
niques performed (Type VII: frontal bilateral remodelling 
without frontal-orbital “bandeau” and Type VIII: frontal 
bilateral remodelling with frontal-orbital “bandeau”). 
Finally, type IX technique (standard bilateral fronto-orbital 
advancement with expanding osteotomies in multiple cra-
niosynostosis) had a low rate of complications, moreover 
taking into account that it was used frequently for relapses 
(8 of 30 cases).
 Accordingly, the procedure with the lowest rate of com-
plications was type I (endoscopically assisted osteotomies) 
followed by standard frontal-orbital advancement (type 
IX) and surgical procedures for trigonocephaly (type V) 
and anterior plagiocephaly (types VI and VII). On the con-
trary, types XII (fronto-orbital distraction) and holocranial 
dismantling (types IV and X) originated the highest number 
of complications.
 Postoperative non-infectious hyperthermia without a 
causal explanation occurs frequently in craniofacial sur-
gery11,42. It was also the most frequent complication in our 
series (13.43%) but it usually happened in certain proce-
dures: type II, sagittal suturectomy and expansive osteoto-
mies plus frontal dismantling in scaphocephaly, and types 
IV and X (holocranial dismantling procedures) suggesting 
that there exists a relationship between larger tissue expo-
sures and, probably, a higher rate of blood transfusions. 
Finally, we think that 11.9 days as a mean hospitalization 

time in our patients is unacceptable, but this was attributed 
to administrative procedures that escape our competences. 
It is of note that longer periods of hospital stay are related 
to a higher rate of complications (Table VII).

Management considerations 
 Regarding to our results and complication rates and also 
to patients’ age at surgery; we suggest the following consi-
derations for craniosynostosis management.

Scaphocephaly
 We think that the technique of election for scapho-
cephaly for most cases under age 4-months should be 
endoscopically assisted suturectomy and osteotomies 
with postoperative orthosis. In older children we use open 
suturectomy and expanding osteotomies, and frontal osteo-
tomies, remodelling or parietal transposition in cases with 
severe frontal bossing. Holocranial dismantling through 
expanding osteotomies and fronto-orbital remodelling of 
the frontal bossing should be reserved for patients over age 
1-year.

Trigonocephaly
 Our previously reported technique yielded very good 
results. The patient’s age at operation should not be lower 
than 5-6 months as the deformity may improve sponta-
neously in younger patients.

Anterior plagiocephaly
 In our opinion, there is not a major difference in terms 
of complications between using or not using the tongue-
in-groove fronto-orbital “bandeau”. We reserve the “ban-
deau” with nasal osteotomies for the most severe cases with 
vertical dystopia. As in trigonocephaly, the age at surgery 
should not be lower than 5-6 months.
 
Multiple craniosynostosis
 Standard bilateral fronto-orbital advancement continues 
to be the technique of choice for treatment of most cases 
with brachycephaly and turricephaly and has fewer com-
plications than distracting procedures. On the other hand, 
total cranial vault remodelling (holocranial dismantling) 
has a high incidence of complications and therefore should 
be reserved for those cases where the vault and the skull 
base are severely distorted. We must consider solving these 
cases under staged procedures.
 Use of distracting devices at onset is questionable pro-
bably due to the fact that they had been a recent acquisition 
in our surgical armamentarium. Nevertheless, we think that 
after having treated 26 cases we are prepared to settle some 
preliminary conclusions. We do not think that distraction 
is an election technique in anterior plagiocephaly as con-
ventional techniques offer better results and fewer compli-
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cations. These techniques could be used in the less severe 
cases.
 We think that standard fronto-orbital advancement in 
multiple craniosynostosis provides the best results with 
fewer complications although distracting techniques may 
play a role in less severe cases of brachycephaly, as a 
“rescue surgery” after relapsing multiple craniosynostosis 
and in some craniofacial syndromes with extensive pre-
operatory bone defects. To end with, we think that combi-
ned fronto-orbital and midface distraction, as happened in 
the past with monobloc advancement, may involve serious 
complications and so it should be reserved for special cases 
as are toddlers with severe exophthalmia and harsh respira-
tory obstruction.
 Finally, in those cases with major alterations in the 
posterior region of the skull and in the posterior fossa, the 
recommended treatment would be to start with a complete 
parieto-occipital dismantling with posterior craniectomy 
and dural opening if possible. The ideal age for surgery 
should be close to 6-month excepting for real emergencies 
such as are cases with severe intracranial hypertension, 
gross hydrocephalus, important exophtalmus and severe 
sleep-apnea syndrome.

Conclusions

a. Our mortality rate was 2 of 283 cases. The 2 deaths 
occurred 1-year after surgery.

b. 85.5% of our patients obtained a good end-result in 
regard to craniofacial shape while 15.5% showed a 
poor result. These unsatisfactory results occurred 
in children with craniofacial syndromes (6.36%), 
anterior plagiocephaly (2.12%) or multiple cranio-
synostosis (1.76%).

c. In relation to clinical groups, the worst results corres-
ponded to craniofacial syndromes (58% in catego-
ries III and IV) followed by non-syndromic multiple 
craniosynostosis (25%) and anterior plagiocephaly 
(21.4%).

d. We noted the best results in trigonocephaly (92%) 
followed by scaphocephaly (91.6%).

e. The most frequent complication was postoperative 
hyperthermia (13.43%), followed by infection 
(7.5%), subgaleal haematoma (5.3%), dural tears 
(5%) and CSF leakage (2.5%).

f. There was a significant correlation between com-
plications and reoperations (11.56%). For instance, 
62.5% of infections, 93% of dural tears and 75% 
of CSF leakages belong to the group of reoperated 
patients.

g. Complications changed also according to the type of 
surgical procedure. The types of procedure with the 
lowest number of complications were endoscopy-

assisted suturectomy followed by standard fronto-
orbital advancement, fronto-orbital remodelling 
in trigonocephaly and fronto-orbital remodelling 
in anterior plagiocephaly. The techniques with the 
highest rate of complications were distraction tech-
niques followed by total cranial vault remodelling 
(holocranial dismantling) in scaphocephaly and mul-
tiple and syndromic craniosynostosis.

h. Postoperative hyperthermia of undetermined nature 
and mean hospitalization time followed the above 
mentioned tendency and increased in the same pro-
cedures.

i. Finally, according to our experience, we have esta-
blished considerations on the outcomes relating them 
to each specific technique, age at surgery, complica-
tions and the results of the series.
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