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Variations of Endoscopic and Open Repair of
Metopic Craniosynostosis
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Abstract: In contrast to sagittal craniosynostosis, the role of endo-
scopic, minimally invasive approaches in the treatment of metopic
craniosynostosis with resulting trigonocephaly is not as well defined.
We reviewed the senior authors’ (H.M. and S.C.) clinical experience
in the treatment of children with metopic craniosynostosis using a
variety of endoscopic and open techniques. Thirty-three patients
were treated at a single institution during a 5-year period with between
3 and 8 years of follow-up. Sixteen patients underwent 3 variations
of endoscopic approaches, and 17 patients had open fronto-orbital
advancement. Clinical parameters of the 2 groups were examined
including age at surgery, blood loss, operative time, transfusion
volume, hospital stay, complications, use of postoperative cranial
banding, and the need for reoperation for persistent deformity. The
various endoscopic and open techniques used by the authors in the
treatment of metopic craniosynostosis are discussed in detail,
including rational for individual technique selection and preliminary
impressions regarding clinical outcome.
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The rate of isolated, nonsyndromic craniosynostosis in the
newborn population has been reported at 0.6 per 1,000 live

births, with 4% to 10% of these involving the metopic suture.1Y3 The
incidence of metopic synostosis has increased and has accounted for
up to 30% in some series. (S. R. Cohen, personal communication).
This defect results in trigonocephaly leading to a frontal ridge,
narrowed bitemporal width, and hypotelorism.2,4 Predictions of
compensatory growth patterns after single-suture fusion have been
described, yet the root cause of craniosynostosis remains elusive.5

Computed tomographic imaging correlates with histologic
findings, with a pathologic description of a unique bone remodeling
pattern, which may be a precursor to cranial vault bone fusion.6,7

Some data indicate that this fusionmight be secondary to the influence
of regional dura growth factorYmediated signals.8 Mathijssen et al9

discovered displacement of the bone centers in both metopic and
coronal suture synostosis. Despite these advances, the cause of pre-
mature metopic suture fusion remains unknown. A correlation has
been reported between maternal prenatal smoking and an increased
risk of craniosynostosis.10 Likewise, patients with fetal valproate
syndrome may develop premature fusion of the metopic suture.11

Although most metopic synostosis is nonsyndromic, syn-
dromes are found in 10% to 20%, with cognitive and behavioral
abnormalities in 30%, and heritable patterns are found in 2% to
5%.12,13 Case reports of nonsyndromic metopic craniosynostosis as
an autosomal dominantYinherited disorder and as a partial monoso-
my of chromosome 11q have been published, but this does not ac-
count for most affected patients.14,15

Patients traditionally receive treatment early in infancy via
cranial reconstruction, fronto-orbital rim advancement, and metopic
suture synostectomy.16 Minimally invasive, endoscopic repair of
metopic craniosynostosis has emerged as a potentially efficacious,
safe, and aesthetically acceptable alternative to open procedures.17,18

Each patient is unique, and the varied clinical patterns require unique
approaches, with a customized approach to meet each patient’s
individual needs, including the consideration of potential benefit by
the use of endoscopic methods.19 The decision between traditional
or endoscopic repair of metopic craniosynostosis is best made with
a full disclosure of the treatment options.19 At our center, we have
offered patients’ families the possibility of different surgical
techniques in an increasingly selected fashion after thorough informed
consent.20 The purpose of this retrospective study is to analyze our
outcomes using the variations of minimally invasive, endoscopic
approaches and an open traditional approach in the treatment of
metopic craniosynostosis. We attempt to come to a conclusion re-
garding the appropriateness of minimally invasive techniques in this
patient population.

MATERIALS AND METHODS

Patient Population
During a 5-year period, 33 consecutive patients at Rady

Children’s Hospital of San Diego underwent surgical correction of
their metopic synostosis. Sixteen patients had endoscopic (ET)
correction of metopic synostosis. Seventeen patients were identified
who received open (OT) correction of metopic synostosis during the
same period. Each child was operated on by the same senior authors,
H.M. and S.C., from the Neurosurgery and Craniofacial departments.

The average age at surgerywas 4.9months (median, 4.4month)
for the ET and 29.5 months (median, 16.6 months) for the OT. There
were 14 male and 2 female patients who underwent ET and 11 male
and 6 female who underwent OT. Of the 16 endoscopic cases, 12
(75%) patients had suturectomies alone, 2 (12.5%) patients had frontal
orbital advancements, and 2 (12.5%) patients had suturectomies with
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FIGURE 1. A, The proposed incisions over the anterior fontanelle is shown as well as the proposed osteotomy cuts to remove the
fused metopic suture and the bifrontal osteotomy to create the fronto-orbital segment. B, Suturectomy: with endoscopic guidance,
the fused metopic suture is resected. C, An osteotomy in front of the coronal suture is made with a scissor down to the lateral
orbital rim. D, A reciprocating saw and/or osteotome is used to make the supraorbital osteotomy. The saw may be introduced
through the eyelid or through the frontal osteotomy. We place the endoscope intracranially and retract the brain, while making
an osteotomy across the orbital roof with the saw and/or 3-mmosteotome. E,Modifiedmesh to stabilize the advanced fronto-orbital
segment.
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cranial reconstruction. The remaining 17 children underwent open
fronto-orbital advancement with cranial reconstruction.

Measurements and Objectives
The following parameters were measured for this study: esti-

mated blood loss (EBL), transfusion volume, operative time, hospital
stay, and the use of postoperative cranio-orthotic therapy.

Surgical Methods
Each patient’s individual clinical scenario determines the sur-

gical approach taken for the correction of the synostosis. For mild to
moderatemetopic synostosis, simple strip suturectomywith or without
bifrontal osteotomies is carried out. The strip is kept narrow (1 cm)
to insure complete bony healing. The proposed osteotomies for en-
doscopic treatment of the metopic suture synostosis with attendant
trigonocephaly are depicted in Figure 1A.

For each of the 3 following techniques, transcutaneous
Doppler ultrasonography is routinely used to monitor for air em-
bolism. The skin incision is made with needle-tip electrocautery in a
transverse W-style approximately over the anterior fontanelle to
access the synostosed metopic suture (Fig. 1B). Bilateral upper
blepharoplasty incisions expose the supraorbital and lateral orbital
rims when endoscopic-assisted fronto-orbital advancement is
performed (Fig. 1B).

Suturectomy
Either through the vestigial anterior fontanelle or via a single

burr whole, endoscopic-assisted dissection frees the underlying
sagittal sinus from the bone. The endoscope is used to help maintain
dural integrity and identify untoward bleeding. Using a rongeur and/
or heavy Mayo scissors, a metopic suture ostectomy is carried out
down to the nasofrontal junction (Fig. 1B). The frontal bone is
recontoured as best as possible in the midline. The suture is resected
down to the level of visibility, and using a suction tip for gentle
retraction, and again under endoscope control, using a high speed

burr or small rongeur, the remaining portions of the suture are
removed down to the nasion.

Cranial Reconstruction
In addition to the suturectomy, the heavy Mayo scissors are

again used to make bilateral osteotomies just anterior to the coronal
sutures (Figs. 1C, D). These osteotomies are carried out down to the
level of the orbital rims. Additional incisions may be made across the
trigonocephalic region, and using a Tessier bone bending clamp,
these areas can be recontoured in situ.

Endoscopic-Assisted Fronto-Orbital Advancement
In addition to the description under cranial reconstruction, an

incision is made in the upper eyelids, the periosteum over the orbital
rims is incised, and the orbits are degloved. The superior orbital
osteotomy is carried out with a reciprocating saw and/or osteotome
from the orbital roof inward. Protecting the dura and guiding the
osteotomy line with endoscopic retraction and visualization (Fig. 1D),
the osteotomy is carried out through the sphenoid wing laterally.
Having completed the lateral fronto-orbital osteotomies bilaterally
and superior orbital osteotomies, we used gentle digital pressure to
greenstick fracture the fronto-orbital segments creating the desired
fronto-orbital advancement. Figure 1E demonstrates the use of bio-
resorbable plates, which maintain the advancement of the fronto-
orbital segments.

In each of the previously mentioned scenarios, the endoscope
is used for visualization of the dura and vasculature to maintain dural
integrity and prevent untoward bleeding. Once these individual
procedures are accomplished, the wound is thoroughly irrigated.
Hemostasis is achieved with fibrillar and electrocautery wherever
necessary. Wounds are closed with interrupted #3-0 Vicryl sutures
and a running #4-0 Monocryl or staples for the skin. The patient is
then placed in a head dressing and transferred to the recovery room
and subsequently to a monitored ward bed.

FIGURE 2. A, Minimally invasive orbital rim dissection. B, Minimally invasive fronto-orbital dissection.

TABLE 1. ET Versus OT Procedures

Procedure
Sex

(Male/Female)
Mean/Median

Age, mo
Mean

EBL, mL
Mean Percent

EBL, %
Mean Case
Time, h

Mean
Stay, d

%
Helmet

ET 14/2 4.9/4.4 56.8 9.2 1.68 2.46 94
OT 11/6 29.5/16.6 190 20.8 2.21 2.76 12.00
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Open Fronto-Orbital Advancement With Cranial
Reconstruction

Patients are monitored as previously described. The operation
is carried out with the patient in supine position. After a lazy W-style
coronal incision, the skin flap is turned at the subgaleal level,
preserving the periosteum. In some cases, a pericranial-fronto-galeal
flap is preserved. The orbits are exposed in a subperiosteal plane.
The neurosurgeon performs a frontal craniotomy and dissects out the
anterior cranial fossa in preparation for fronto-orbital osteotomy.
The temporal areas are exposed. Using a reciprocating saw, a fronto-
orbital osteotomy is made, which included temporal tenons if
indicated. Alternatively, the temporal bone lateral to the supraorbital
rim can be removed separately on either side, recontoured, and
screwed to an overlying resorbable mesh as an interposition graft
between the posterior-lateral cranium and the advanced lateral
aspects of the rim. The recontoured and expanded frontal bone is
stabilized with resorbable plates and screws, and interposition bone
grafts are placed. The recontoured frontal bone is reattached with
resorbable plates and screws to the remodeled fronto-orbital rim.
The temporalis muscle is resuspended with 3.0 Vicryl, and the
wound is closed in 2 layers. In selected patients, in situ correction of
severe hypotelorbitism can be performed by extending the medial
orbital cut posterior to the lacrimal system and into the pyriform. A
central osteotomy is made with the reciprocating saw. The in situ
fronto-orbital segment is gently mobilized and then the orbital
segments with the attached medial canthi can be widened. A cranial
bone graft is inserted along the central defect created by the
widening of the medial orbital segments, correcting the hypotelor-
bitism. A cantilever, cranial bone graft to the nose or at the
nasofrontal junction may be necessary to correct residual telecanthus
or to ease the step at the nasofrontal junction (Fig. 2).

RESULTS
Estimated mean blood loss was 56.8 mL (ET) and 190 mL

(OT). The average transfusion volume for patients treated with ET
was 91.9 mL, and 6 (38%) patients required no blood transfusion.
For patients treated with OT, mean transfusion was 184 mL, with
5 (29%) patients requiring no blood transfusion. Mean operative
time was 1.68 hours (ET) and 2.21 hours (OT), and average stay in
the hospital was 2.46 days (ET) versus 2.76 days (OT). Both the ET
and OT groups had minor complications in a small number of
patients including continued lag ophthalmos, mild residual hypote-
lorism, cephalohematoma, and persistent deformity. Most patients
who underwent ET (15/16) and a few (2/17) patients who underwent
OT used cranial orthotics. Most of the patients undergoing endo-
scopic repair required more than 1 helmet to optimize their cor-
rections. Table 1 demonstrates the average of each population with
regard to EBL, age, surgical time, hospital stay, and use of cranial
orthotics. Preoperative and 2-year postoperative photographs are
shown in Figures 3A, C and B, D, respectively.

DISCUSSION
Metopic craniosynostosis resulting in trigonencephaly is a

significant deformity that may lead to decreased intracranial volume
and resultant increases in intracranial pressure.12,21,22 Aesthetic
concerns, however, are the leading consideration by most for sur-
gical repair.11 With the advancements in minimally invasive surgical
techniques and endoscopic technology, we can now offer surgical
solutions that have potential advantages to traditional, open ap-
proaches. Published clinical experience supports the notion that
the endoscopic approach is an important treatment option for sag-
ittal craniosynostosis23; however, the role of minimally invasive

FIGURE 3. A, C, Preoperative photograph of 4-month-old boy with metopic synostosis and trigonocephaly. B, D, Postoperative
photographs showing result 2 years after endoscopic correction.
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procedures in the treatment of patients with metopic synostosis is
less clear.

Potential benefits of an early endoscopic approach to repair
of metopic craniosynostosis include a reduction in blood loss and
consequent decreases in transfusion volumes, decreased hospital
costs, shorter operative times, and limited duration of hospitaliza-
tion.17,18 Blood loss is potentially reduced by the use of a smaller
initial incision, and the endoscope allows for direct visualization
and minimal surgical dissection. Potential issues such as dural tears
can be recognized and repaired with topical hemostatic agents if
partial and with primary suture repair if complete. According to
Tobias et al,24 there is a low incidence of venous air embolism with
the endoscopic technique. Meningeal and brain protection during
osteotomies is accomplished by lightly retracting the dura with the
suction and/or endoscope while using hypocapnia, osmotic agents,
and glucocorticoids as needed for brain relaxation. Complications of
craniofacial reconstruction and repair of craniosynostosis include
bleeding, infection, need for reoperation, and very rare development
of a leptomeningeal cyst secondary to unrecognized intraoperative
dural compromise.25,26 Although we have not, to date, noted a sig-
nificant increase in complication rate associated with endoscopic
procedures, we also have not noted, as discussed previously, sig-
nificantly dissimilar surgical data between the 2 approaches. Open
procedures allow for immediate deformity correction, whereas most
endoscopic approaches require protracted postoperative cranial
banding for up to 1 year. This potential disadvantage of endoscopic
approaches, however, seems to have no bearing on parental per-
ceptions of outcome in our experience.27

In addition, however, to examine the potential benefits of a
surgical approach in terms of operative complications and postop-
erative morbidity, perhaps more importantly, a craniofacial center
should assess deformity correction as the most significant consid-
eration in the selection of an appropriate surgical technique.
Quantifying the efficacy of deformity correction has been problem-
atic. Cohen et al28 published an article in 1994 that attempted to
standardize the assessment of the aesthetic result in metopic
synostosis repair. A number of articles have used reoperation rates
as an indirect measure of surgical outcomes in single-suture
craniosynostosis repair. These rates have ranged from 5.9% to
13%.29,30 In our limited study, a few patients in the endoscopic
group required reoperation to date, which compares favorably with
these historical reports. We anticipate the frequency of reoperation
for the endoscopic repair to ultimately be similar to that of the open
procedure, although these patients may require secondary fronto-
orbital advancements rather than simple recontouring procedures.
Selber et al31 recommend aggressive, immediate, overcorrection of
trigonencephaly to optimize initial aesthetic results. Some families,
in our experience, will accept suboptimal aesthetic results because of
a desire to avoid an open procedure. We tend to, however,
recommend to families that the simple endoscopic strip suturec-
tomies be used for milder deformities in younger infants because this
procedure relies so heavily on future head growth rather than
immediate deformity correction. By using more aggressive
osteotomies in the endoscopic cranial reconstruction and fronto-
orbital advancement procedures, we tend to feel more comfortable
in treating slightly older or more severe deformities endoscopically,
but these procedures can be technically challenging and should
be undertaken with caution in our opinion. Future generations of
surgeons with backgrounds in endoscopy and robotic surgery may
have increasing comfort with these approaches.

Overall, the reported results of the endoscopic treatment of
craniosynostosis have been favorable in properly selected patientswith
acceptable complication rates and generally satisfactory aesthetic
outcomes.17Y20,23 We have used various ETs to treat children with
metopic craniosynostosis with acceptable morbidity and parental as-

sessment of outcome when compared with OTs. Increasing clinical
experience, extended patient follow-up, and progressive outcome
analysis will allow further refinements both in surgical technique and
patient selection.
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