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ABSTRACT

ARTICLE HISTORY

INTRODUCTION: Fronto-orbital remodelling for metopic synostosis is an extensive operation with substantial
blood loss, particularly from emissary veins in the glabellar region. One possibility to reduce blood loss may
be to stage dissection and cauterise anomalous emissary veins before dissecting in the subperiostal plane.
OBJECTIVE: The aim of the present study was to compare perioperative bleeding using a staged dissection
in the glabellar region with the traditional subperiostal dissection technique during surgery for metopic
synostosis.

METHODS: All consecutive patients operated for metopic synostosis with the new staged dissection tech-
nique (T2) were included. For comparison, the most recent equal number of cases operated with the tradi-
tional dissection technique (T1) were included. Age, sex, weight, surgical technique (spring or bone graft),
perioperative blood loss, perioperative blood pressure, per- and postoperative blood transfusion, operation
time and length of hospital stay were registered.

RESULTS: A total of 80 patients were included; 40 T1 and 40 T2, respectively. Perioperative blood loss was
significantly reduced with the new staged dissection technique. Blood loss in absolute numbers was reduced
from 160.0 (120-240) (median and (interquartile range)) ml to 150 (102.5-170.0) ml, p=0.028. Blood loss in
relation to patient weight was reduced from 24.2 ml/kg (15.3-33.3) to 18.7 (16.6-23.1) ml/kg, p=0.024. As per-
centage of total blood volume, blood loss was reduced from 32.3 (20.3-32.3) % to 29.9 (18.4-30.8) %, p=0.024.
No other variables differed significantly between the techniques.

CONCLUSION: In summary, staged dissection technique in the glabellar region, allowing control of the emis-
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sary veins, reduces perioperative blood loss during surgery for metopic synostosis.

Introduction

Metopic synostosis (MS) or premature fusion of the metopic suture
results in lateral growth restriction of the frontal bones and is charac-
terised by trigonocephaly, ridge over the metopic suture, hypo-
telorism, temporal hollowing and increased biparietal distance [1, 2].
The incidence of MS in Sweden is 1.7 out of 10,000 births [3]. Over the
last decades, there has been a significant increase in the number of
patients with MS, both in absolute numbers and in proportion to the
total number of craniosynostosis [4-6]. This increase now confirms
that MS is the second most frequent type of isolated craniosynostosis
after sagittal synostosis [7, 8].

Surgical treatment of MS commonly includes frontal remodelling
and correction of hypotelorism, aiming to correct the shape of the
skull and reduce the risk of increased intracranial pressure [9].
Different surgical methods are used for surgical treatment in different
centres. Blood loss is a concern in the surgical management of MS
and has been analysed to be the main cause of morbidity in
craniosynostosis surgery [10]. Substantial blood loss during
craniosynostosis surgery is managed by allogenic blood transfusion.
Even though allogenic blood transfusions are generally safe, there are
associated risks in morbidity and mortality in paediatric patients, for

example transfusion-related lung injury (TRALI), allergic reactions,
haemolytic and non-haemolytic reactions, transfusion-related
circulatory overload (TRCO) [11]. There is also a risk for development
of antibodies against red blood-cell antigen and alloimmunisation
associated to repeated transfusions; therefore, it is of importance to
reduce transfusions [12].

The MS skull does not only present a different shape and volume
proportion than a normal skull, it also differs in vascular morphology.
In a previous study of preoperative computer tomography (CT)
images, it was confirmed that almost half of the infants (45%) with MS
have transosseous emissary veins with origin from extracranial
vessels that run through the cranium a few centimetres above the
nasofrontal suture and terminate in superior sagittal sinus (SSS) [13].
These emissary veins were not observed in a control group of patients
without synostosis; the controls were however, younger than the MS
cohort (mean age 5.5 months, range 2 weeks-11 months in the
controls and median age 11.1 months, range 6 days-19 months in the
patient cohort) [13]. The morphology of diploic veins has also been
studied. It was found that craniosynostosis skulls have less large
diploic veins than anatomical normal skulls [14]. During open surgery
of MS, substantial blood loss typically occurs when dissecting in the
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subperiosteal plane over the glabellar region. The dissection results in
tearing of emissary veins and consequently substantial bleeding.
With the intention to reduce the perioperative bleeding in MS surgery,
Di Rocco et al. described a surgical technique leaving a triangular
shaped bone segment intact in order to facilitate access to the area
and control haemostasis before detaching the bone triangle [15].

The present study aims to evaluate a modified surgical technique
for MS, with the intention to reduce perioperative blood loss.

Materials and methods
Patients

This is a retrospective study based on data extracted from the
Gothenburg Craniofacial Registry, in which data regarding all patients
treated for craniosynostosis at Sahlgrenska University Hospital,
Gothenburg, Sweden are collected.

All consecutive patients operated for MS with a new dissection
technique in the glabellar region between January 2018 and January
2022 were included. For comparison, an equal number of the most
recent consecutively operated patients with the traditional technique
were included, operated between February 2017 and March 2022.

Demographic and surgical data such as age at surgery, sex,
weight at surgery, surgical technique (spring or bone transplant),
perioperative blood loss, per- and post-operative blood transfusion,
operation time and length of stay was extracted from the registry.
Direct continuous intraarterial blood pressure was measured during
MS surgery using an arterial catheter placed in any upper limb. Values
for intraoperative heart rate, systolic and diastolic blood pressures
were monitored continuously and registered in 5-min intervals.
Anaesthetic records were used for data extraction. Exclusion criteria
were presence of combined synostosis, a craniofacial syndrome or
diagnosed haematological disorder.

Surgical techniques
Traditional technique (T1)

With the patient in supine position, a zigzag bi-coronal incision is
made and a subperiosteal dissection of the scalp is undertaken (illus-
trated in Figure 1). The frontal bones are exposed and the dissection
continues into the orbits to expose the orbital roofs. The forehead is
removed with a craniotome burr, and the frontal bones are separated
and moulded into a more rounded shape. The supraorbital complex is
detached and split in the midline in patients older than 6 months of
age, and abone graftis placed between the two halves of the supraor-
bital complex for correction of forehead contour and hypotelorism. In
patients younger than 6 months of age, the lateral forehead is
advanced by a temporal tongue-in-groove incision preserving the
bony attachment only in the glabellar region. In younger patients, an
8N spring is placed in the glabellar region in order to correct hypo-
telorism and lateralise the frontotemporal contour.

New dissection technique (T2)

With the new technique, the scalp dissection is undertaken in the
subgaleal plane down to about 15 mm above the orbital rims (illus-
trated in Figure 1). The frontal bones are then removed, followed by
meticulous haemostasis with special attention to the emissary
veins under the supraorbital complex (illustrated in Figure 2).
Thereafter, the dissection continues in the subperiosteal plane into
the orbits to expose the orbital roofs, and the operation continues
as described above.

Statistical analysis

All statistical analyses were carried out using Statistical Package for
the Social Sciences (SPSS) Statistics Software version 28 (IBM Corp.,
Armonk, NY, USA). Patient characteristics and operative outcomes for
continuous normally distributed variables are presented as mean val-
ues with standard deviation (SD), significance analyses were based on
Student’s t-test. Categorical variables are presented with frequencies
and percentages with significance analyses based on Chi-Square test.
The variables for estimated blood loss (mL, mL/kg and %) are pre-
sented as median with interquartile range (IQR) (25th-75th percen-
tiles) and significance analysis was based on Mann-Whitney test since
the data were not normally distributed. Histograms and boxplots
were used to visualise the difference in distribution of blood loss (mL/
kg) and distribution of SDs in differentiated blood pressure values.

Blood pressure was analysed statistically in two ways. The time frame
for blood pressure analysis was set to 1 h from start of the operation
because the frontal dissection and blood loss from emissary veins was
supposed to appear within that period. Firstly, the fundamental principle
that blood pressure drops as a reaction to a significant and sudden
blood loss was analysed in the perioperative blood pressure curves for
systolic blood pressure (SBP) to identify occurrence of intraoperative
hypotension (IOH). The SBP baseline was calculated as a mean value of
up to five intraarterial values for SBP measured during anaesthesia
before the start of the operation. This resulted in an individualised
baseline value for each patient. A relative drop of 20% in mmHg from
baseline was used as threshold for IOH. The frequency of IOH was
dichotomised and analysed as other categorical variables.

Secondly, as the blood pressure drops as a reaction to blood loss;
the anaesthetist manages the situation and corrects the blood
pressure by administrating fluids and medications. In theory, that
would result in more variability in blood pressure for patients with
large and sudden blood loss. An attempt was made to model blood
pressure data as time series using statistical autoregressive moving-
average (ARMA) models. Linear interpolation was performed for
missing values. Time series were tested with different statistical
parameters and AIC (Akaike information criterion) was compared
across models. The estimated SDs from the model with the best AIC
were identical to the SDs obtained by differencing and taking the SD
of the differences for each series. For analysis of variability the SDs
from differenced time series were analysed as other continuous
normally distributed variables.

Ethics

The study was approved by the Gothenburg Ethics Committee (Dnr
784:11) and conducted according to the principles stated in the
Declaration of Helsinki.

Results
Patient characteristics

In total there were 43 patients operated with the new dissection tech-
nique (T2) between January 2018 and January 2022. Of those, 3
patients were excluded because of combined craniosynostosis which
left us with a cohort of 40 patients in T2. The remaining cohort of 40
patients in T2 were compared with 40 patients operated with the tra-
ditional technique (T1) between February 2017 and March 2022.
Descriptive characteristics are presented in Table 1. The age at sur-
gery was 188 + 56 (mean = SD) days for T1 and 179 + 49 days for T2,
respectively. Overall, female: male ratio was 1:3.7. Patients in T1
showed a slightly higher average weight (7.9 £ 1.3 kg vs. 7.8 + 1.2 kg)
but the difference was not significant. Surgical technique related to
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Figure 1. lllustration of anatomy in the glabellar region. Emissary veins pass through foramina in the skull and provide a venous connection between extra-
cranial veins of the skull and intracranial dural venous sinuses (SSS). Diploic veins run through the spongy part of the skull bone, between the outer and inner
layer of the cortical skull bone and are drained in emissary veins or dural venous sinuses. With subgaleal frontal dissection, emissary veins remain intact, and

coagulation of those veins can be performed under the skull bone.

age below or above 6 months, i.e. spring or bone transplant, showed
an even distribution between the groups (62.5% spring and 37.5%
bone transplant in both groups). Operation time was 150.4 £ 31.1 min
inT1,and 140.9 £ 22.2 minin T2 (p = 0.122).

Blood loss

Outcome variables are presented in Table 2. Estimated blood loss
showed significantly lower values after the new dissection technique
(T2) compared to the traditional dissection technique (T1) for blood
loss in absolute numbers (mL), in relation to patient weight (mL/kg)
and as percentage of total blood volume (TBV). Blood loss in absolute
numbers was 150.0 (102.5-170.0) (median and IQR) mL in T2 and
160.0 (120.0-240.0) mL in T1, respectively; p = 0.028. Blood loss in
relation to patient weight was 18.7 (16.6-23.1) mL/kg in T2 and 24.2
(15.3-33.3) mL/kg in T1, p = 0.024. For visualisation of the distribu-
tions see Figures 3 and 4. Blood loss as percentage of total blood vol-
ume was calculated assuming a total blood volume of 80 mL/kg. The

percentual blood loss was 23.3 (17.1-28.9) % in T2 and 30.3 (19.1-
41.6)%inT1, p=0.024.

Blood transfusion

Following T2, a lower number of patients required perioperative trans-
fusion than afterT1 (92.5% vs. 100%, p = 0.077). Also, after T2 the trans-
fused volumes in mL and mL/kg were smaller but not to a significant
level, compared to T1 (T2 177.8 £ 743 mL vs.T1 201.3 £ 925 mL, p =
0.228 and T2 23.2 + 10.1 mL/kg vs. T1 25.8 + 11.3 mL/kg, p = 0.279,
respectively). There was no significant difference in frequency of post-
operative transfusion (22.5in T2 and 17.5% in T1, p = 0.576) or length
of hospital stay (6.0 + 1.7 days in both groups, p = 1.00).

Blood pressure

One patient was excluded from blood pressure analysis because of
missing data. There was no significant difference in frequency of

Figure 2. (A) Intraoperative images. Access to emissary veins under the bone for haemostasis before further dissection. (B) After emissary vein haemostasis the

dissection continues in a subperiosteal plane into the orbits.
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Table 1. Table of descriptive characteristics.

T1 (n=40) T2 (n=40) p
Age at surgery (days) 187.6 + 56.4 (169.5-205.6) 178.7 £49.3 (162.9-194.5) 0.459
Sex, n (%) 0.056
Female 12(30) 5(12.5)
Male 28 (70) 35 (87.5)
Weight at surgery (kg) 7.9+1.3(7.5-8.3) 7.8+ 1.18(7.4-8.1) 0.564
Type of surgery, n (%) 1.00
Spring 25 (62.5) 25(62.5)
Bone transplant 15(37.5) 15 (37.5)
Operation time (min) 150.4 +31.1 (140.4-160.3) 140.9 + 22.2 (133.8-148.0) 0.122

Data are presented as mean = SD (95% confidence interval) unless otherwise stated.

IOH between the groups (28.2% in T1 and 17.5% in T2, p = 0.293).
The result from differenced time series and analysis of SDs showed
that patients in T1 had a volatility of 6.4 + 3.4 mmHg and patients
in T2 5.8 £ 1.9 mmHg (p = 0.316). The distribution is plotted in a
histogram (Figure 5).

Discussion

Surgical correction of MS is associated with significant perioperative
blood loss that requires blood transfusion. To address this problem,
a novel modified dissection technique (T2) was developed at the
craniofacial unit at Sahlgrenska University Hospital in Gothenburg,
enabling electrocautery/thermal cautery of the emissary veins under
the supraorbital complex before going subperiosteally in the glabel-
lar region. This study aimed to evaluate a cohort of consecutively
operated patients with the new technique (T2, n = 40) and tradi-
tional dissection technique (T1, n = 40), respectively. The main out-
come was significantly lower perioperative blood loss following T2
compared to T1.

Large perioperative blood loss is a known complication to fronto-
orbital remodelling in MS surgery [16]. Previous studies have shown

Table 2. Table of outcome variables.

that there is an association between MS and presence of frontal
emissary veins [13], which is of importance when planning surgical
intervention. It is suggested that the development of emissary veins
in MS is a result of increased pressure on the venous SSS by the closed
suture, predisposing development of emissary veins [15].

The underlying principle with this modified technique is to
preserve the emissary veins by performing dissection the subgaleal
plane in the glabellar region, allowing haemostasis in a controlled
manner before raising the frontal bone flap. By clinical experience, it
is during glabellar dissection that substantial blood loss from
emissary veins may occur, but other mechanisms related to dissection
in the subgaleal plane might favour the modified technique as well.
Hallén et al. analysed blood loss in PI-Plasty surgery for sagittal
synostosis and showed significantly less blood loss with strict
subgaleal dissection compared to subperiosteal dissection over the
craniotomy lines [17]. Findings in the present study show that the
modified technique reduces perioperative blood loss and does not
affect the operation time. The results in this study are supported by a
previously published technical note by Di Rocco et al. [15]. In the
technical note, a slightly different technique is presented with
leaving a triangular bone flap in the area where emissary veins occur
and performing haemostasis under the skull bone. Both techniques

T1 (n=40) T2 (n =40) p
Blood loss (mL)' 160.0 (120.0-240.0) 150.0 (102.5-170.0) 0.028
Blood loss, (mL/kg)’ 24.2 (15.3-33.3) 18.7 (13.7-23.1) 0.024
Blood loss (%)’ 30.3(19.1-41.6) 23.3(17.1-28.9) 0.024
Transfusion perioperative, n (%) 0.077
Yes 40 (100) 37(92.5)
No 0(0) 3(7.5)
Transfusion perioperative volume, (mL) 201.3+£92.5(171.7-230.9) 177.8 +74.3 (152.6-202.9) 0.228
n=40 n=37
Transfusion perioperative (mL/kg) 25.8+11.3(22.2-29.5) 23.2+10.1 (19.8-26.6) 0.279
n=40 n=37
Transfusion postoperative, n (%) 0.576
Yes 7(17.5) 9(22.5)
No 33(82.5) 31(77.5)
Hospital stay (days) 6.0 £ 1.7 (54-6.5) 6.0+ 1.7 (5.4-6.5) 1.000
Frequency of IOH, n (%) 0.257
Yes 11(28.2) 7(17.5)
No 28(71.8) 33(82.5)
n=39 n=40
Variability (mmHg) 6.4 +3.4(53-7.5) 58+1.9(52-64) 0.316
n=39 n=40

Data are presented as mean + SD (95% confidence interval) unless otherwise stated.

IOH: intraoperative hypotension.

"Not normally distributed variable presented as; median (25th-75th percentile).
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Figure 3. Histogram of blood loss (mL/kg) distribution. Blue T1; Red T2.

are based on the same fundamentals of venous morphology in the
patient group.

A strength of this study is that the surgical technique for correction
of MS has been identical over the study time, except for the
introduction of the studied detail in frontal dissection. All surgical
procedures were performed by a small number of surgeons (n = 4),
working in a team. Furthermore, the cases as well as the controls were
collected from an overlapping time period.

Values for estimated blood loss used in the present study are
based on suction volumes and surgical gauze saturation. Perioperative
blood loss is difficult to calculate accurately and should be considered
as estimates and not as absolute numbers [18, 19]. However, the

values for blood loss are gross estimations that reliably separates
large from small blood volumes. Within T2, there were certainly
fewer cases with severe perioperative blood loss (see Figure 3).
Visually, there is an uneven distribution of blood loss, that is the
upper tail is heavier in T1 compared to T2. A blood loss of 40 mL/kg
equals about half the total blood volume for a child around the age
of 6 months. There were seven patients in T1 that had a blood loss
>40 mL/kg, whereas there were only two patients in T2 with blood
loss that large. It seems like the modification in surgical technique
reduces the risk for severe blood loss. From the clinical perspective,
it is of large importance to reduce the number of cases with severe
blood loss. Another possible confounding factor could be minor
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Figure 4. Boxplot of blood loss (mL/kg) distribution. Blue T1; Red T2.
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alterations in perioperative anaesthesiologic fluid management over
the study time.

Significant blood loss results in physiological response in heart
rate and blood pressure [20]. However, there is no general definition
of IOH in anaesthesiology [21]. Intraoperative hypotension is often
based on relative (%) or absolute (mmHg) thresholds in SBP or mean
arterial pressure. According to a systematic review by Beijker et al.,
140 definitions of IOH were identified in 130 articles [22]. The most
widely used definition was a decrease in SBP of 20% from the
baseline value as threshold of IOH [22, 23]. Intraoperative
hypotension is in clinical practice used as a marker for tissue
perfusion [23]. The goal of perioperative fluid replacement therapy
and blood transfusion is to maintain normovolemia and replace
intraoperative losses [24].

Statistical analyses of estimated blood loss in the present study
were based on Mann Whitney test and described with IQR since the
cohort was not normally distributed. To reliably assess the tails of
the distribution, a larger sample would be needed. The analysis of
intraoperative IOH and volatility in blood pressure was an attempt
to triangulate the variable since it is imprecise. There are however
few studies of IOH in children. As for adults, there is no general
definition for thresholds. For this study, the most widely accepted
definition was used.

With the intention to reduce perioperative blood loss in surgery
for MS, a modified surgical technique was evaluated based on the
theory of coagulating emissary veins before glabellar dissection.
Traditionally, frontal dissection in MS surgery is performed in the
subperiosteal plane (T1). With the modified technique (T2), frontal
dissection was performed in the subgaleal plane until about 15 mm
above the orbital rim and haemostasis of emissary veins was
performed under the supraorbital complex. In total 80 patients were
collected, n = 40 in T1 and T2, respectively. Analysis showed
significantly lower perioperative blood loss volumes in absolute
numbers (mL), weight related volume (mL/kg) and in percentage of
total blood volume (%) in T2 compared to T1.

Conclusion

Staged frontal dissection in surgery for MS is associated with lower
perioperative blood loss volumes. This is because of improved hae-
mostatic control of the emissary veins in the glabellar region.

T
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10

Standard deviations (mmHg)
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