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OBJECTIVE Sagittal synostosis is the most common form of isolated craniosynostosis. Although some centers have 
reported extensive experience with this condition, most reports have focused on a single center. In 2017, the Synostosis 
Research Group (SynRG), a multicenter collaborative network, was formed to study craniosynostosis. Here, the authors 
report their early experience with treating sagittal synostosis in the network. The goals were to describe practice pat-
terns, identify variations, and generate hypotheses for future research.
METHODS All patients with a clinical diagnosis of isolated sagittal synostosis who presented to a SynRG center be-
tween March 1, 2017, and October 31, 2019, were included. Follow-up information through October 31, 2020, was includ-
ed. Data extracted from the prospectively maintained SynRG registry included baseline parameters, surgical adjuncts 
and techniques, complications prior to discharge, and indications for reoperation. Data analysis was descriptive, using 
frequencies for categorical variables and means and medians for continuous variables.
RESULTS Two hundred five patients had treatment for sagittal synostosis at 5 different sites. One hundred twenty-six 
patients were treated with strip craniectomy and 79 patients with total cranial vault remodeling. The most common strip 
craniectomy was wide craniectomy with parietal wedge osteotomies (44%), and the most common cranial vault remodel-
ing procedure was total vault remodeling without forehead remodeling (63%). Preoperative mean cephalic indices (CIs) 
were similar between treatment groups: 0.69 for strip craniectomy and 0.68 for cranial vault remodeling. Thirteen percent 
of patients had other health problems. In the cranial vault cohort, 81% of patients who received tranexamic acid required 
a transfusion compared with 94% of patients who did not receive tranexamic acid. The rates of complication were low in 
all treatment groups. Five patients (2%) had an unintended reoperation. The mean change in CI was 0.09 for strip crani-
ectomy and 0.06 for cranial vault remodeling; wide craniectomy resulted in a greater change in CI in the strip craniectomy 
group.
CONCLUSIONS The baseline severity of scaphocephaly was similar across procedures and sites. Treatment meth-
ods varied, but cranial vault remodeling and strip craniectomy both resulted in satisfactory postoperative CIs. Use of 
tranexamic acid may reduce the need for transfusion in cranial vault cases. The wide craniectomy technique for strip 
craniectomy seemed to be associated with change in CI. Both findings seem amenable to testing in a randomized con-
trolled trial.
https://thejns.org/doi/abs/10.3171/2021.1.FOCUS201029
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With an estimated incidence of 1 in 2000 per-
sons, sagittal synostosis is the most common 
form of isolated craniosynostosis, accounting 

for roughly half of all synostosis cases.1 The first descrip-
tion of surgical treatment of sagittal synostosis—involving 
strip craniectomy—was in 1892.2 Although current surgi-
cal treatments involve a similar approach with removal 
of the synostotic suture, a variety of opinions on optimal 
surgical techniques and adjuvants have been developed.2,3 
Variations in treatment include strip craniectomy with 
or without helmet therapy, endoscope-assisted surgery, 
cranial vault remodeling with or without the modified pi 
technique, forehead reshaping, use of preoperative and 
postoperative imaging, and spring- or distractor-assisted 
craniectomy. Despite the disparity in treatments, there re-
mains a paucity of information regarding the best prac-
tices for sagittal synostosis treatment.

Although multiple centers have reported extensive ex-
perience with this condition, evidence to guide the devel-
opment of best practices is limited because the literature 
comprises mostly single-center studies reporting their 
preferred treatment paradigm.4–6 In 2017, the Synostosis 
Research Group (SynRG) was established as a multicenter 
collaborative network to study craniosynostosis. The 
SynRG consists of 5 sites, with at least one plastic sur-
geon and one neurosurgeon at each site, that prospectively 
collect data on children diagnosed with craniosynostosis. 
In a previous survey, we asked surgeons to describe their 
usual practice patterns in the treatment of sagittal synos-
tosis.3 Here, we present prospective observational data us-
ing standardized data fields and a centralized database to 
describe our early experience with treating sagittal synos-
tosis in the network. The goal of this study was to describe 
practice patterns, identify variations, and generate hypoth-
eses for future research.

Methods
Local institutional review board approval was received 

at each site and allowed data collection with a waiver of pa-
tient consent. All patients with an initial clinical diagnosis 
of isolated sagittal synostosis who presented to a SynRG 
center between March 1, 2017, and October 31, 2019, were 
included. Patient information at the most recent follow-
up or first reoperation through October 31, 2020, was in-
cluded. Data extracted from the SynRG registry included 
baseline parameters, surgical adjuncts and techniques, 
complications before discharge, and indications for reop-
eration. Data analysis was descriptive, using numbers and 
frequencies for categorical variables, medians and means 
for continuous variables, and means with 95% confidence 
intervals for cephalic index (CI) data. All analyses were 
performed using IBM SPSS (version 24.0, IBM Corp.).

Results
Preoperative Assessment

There were 205 children (53 females and 152 males; 
mean age at operation 7.8 months) who had the clinical 
features of sagittal synostosis diagnosed during the study 
dates (Table 1). Diagnosis was confirmed with CT scan-
ning in 183 patients (89%). More patients were treated 
with strip craniectomy (126 patients)—with either spring 
placement (26 patients) or postoperative helmet thera-
py (100 patients)—than cranial vault remodeling (79 pa-
tients). The mean baseline CIs were similar across groups: 
0.69 for patients who underwent strip craniectomy and 
0.68 for patients who underwent cranial vault remodeling. 
The mean baseline CIs were also similar across treatment 
sites, ranging from 0.67 to 0.69, indicating similar disease 
severity across sites. Older children were more likely to 

TABLE 1. Characteristics of patients treated with strip craniectomy or cranial vault surgery

Characteristic Strip Craniectomy Cranial Vault Surgery Total

Patients 126 (61) 79 (39) 205 (100)
Mean age at op ± SD, mos 3.4 ± 1.0 14.7 ± 14.7 7.8 ± 10.7
Patient age group, mos    
 <3 51 (40) 0 51 (25)
 3–6 74 (59) 18 (23) 92 (45)
 >6 1 (1) 61 (77) 62 (30)
Female sex 35 (28) 18 (23) 53 (26)
Preop imaging completed 105 (83) 78 (99) 183 (89)
 Additional fused suture on imaging 3 (2) 3 (4) 6 (3)
Mean baseline CI 0.69 0.68 0.69
Mean baseline occipitofrontal circumference, percentile 82.3 84.7 83.2
Preop visual evoked potentials 9 (7) 2 (3) 11 (6)
Other health problem* 14 (11) 12 (15) 26 (13)
Family history of synostosis 10 (8) 6 (8) 16 (8)
Parental developmental concerns 1 (1) 6 (8) 7 (3)

Values are shown as n (%) unless indicated otherwise.
* Included neurological (3.9%), cardiovascular (3.4%), gastrointestinal (3.9%), genetic (3.9%), respiratory, renal and urological, hematological or 
immunological, and metabolic conditions.
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be treated with cranial vault remodeling (mean age 14.7 
months) than strip craniectomy (mean age 3.4 months).

At the time of their baseline assessments, 26 children 
(13%) had one or more other known health problems, in-
cluding neurological (4%), gastrointestinal (4%), genetic 
(4%), or cardiovascular (3%) conditions. The rates of other 
health problems were similar in the 2 treatment groups: 
11% in patients who underwent strip craniectomy versus 
15% in patients who underwent cranial vault remodeling. 
Parents expressed developmental concerns for 7 children 
(3%), 6 of whom were treated with cranial vault remod-
eling. Overall, 16 patients (8%) had a family history of 
synostosis, with the majority of affected family members 
having sagittal synostosis (Table 2).

In 6 (3%) of the 183 patients who underwent preopera-
tive imaging, an additional fused suture was found. Base-

line visual evoked potentials were assessed in 12 patients 
(6%), and no children underwent formal neuropsychologi-
cal testing before surgery.

Surgical Technique and Perioperative Management
Surgical technique varied by site. One site described 

only 3 procedures in the database, and they were all strip 
craniectomies followed by helmet therapy. At the other 4 
sites, 7.7% of cases were treated with strip craniectomy at 1 
site compared with 62%, 80%, and 81% at the other 3 sites.

Surgical technique characteristics across the cohort 
are shown in Table 3. The strip craniectomy techniques 
(n = 126) included 1) wide craniectomy with 2 wedge os-
teotomies in the parietal bone followed by helmet ther-
apy (55 children [44%]), 2) narrow craniectomy with no 
parietal osteotomies followed by helmet therapy (46 chil-
dren [37%]), and 3) narrow craniectomy and insertion of 
springs without helmet therapy (25 children [20%]). An en-
doscope was used in 81% of strip craniectomy cases. The 
cranial vault remodeling procedures (n = 79) comprised pi 
procedures (11 children [14%]), reverse pi procedures (3 
children [4%]), posterior two-thirds cranial vault remodel-
ing without forehead remodeling (50 children [63%]), and 
total cranial vault remodeling including the forehead (15 

TABLE 2. Family history of synostosis

Suture Type
No. of Patients (%)

Parent Sibling Other

Sagittal 3 (2) 2 (1) 9 (4)
Other 2 (1) 0 3 (2)

TABLE 3. Intraoperative characteristics of strip craniectomy and cranial vault surgery

Characteristic
No. of Patients (%)

Strip Craniectomy Cranial Vault Surgery

Procedure type
 Wide craniectomy w/ parietal wedge osteotomies 55 (44)
 Narrow craniectomy w/o parietal osteotomy 46 (37)
 Narrow craniectomy w/ springs 25 (20)
Endoscope used 102 (81)
 For only epidural dissection 65 (64)
 For epidural dissection & bone cautery 37 (36)
Pi procedure used
 Modified 11 (14)
 Reverse 3 (4)
Cranial vault reconstruction
 w/o forehead remodeling 50 (63)
 w/ forehead remodeling 15 (19)
Patient position
 Sphinx 94 (75) 32 (41)
 Prone 25 (20) 40 (51)
 Supine 5 (4) 6 (8)
Antibiotics prior to incision 122 (97) 79 (100)
Line inserted
 Arterial 43 (34) 69 (88)
 Central 0 3 (4)
Foley catheter 11 (9) 64 (81)
Intraop steroids 72 (60) 70 (91)
TXA 7 (6) 62 (78)
Precordial Doppler 6 (5) 35 (44)
Cell salvage 1 (1) 5 (6)
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children [19%]). The sphinx position (75%) was preferred 
for strip craniectomy techniques, and the prone position 
(51%) was preferred for cranial vault procedures.

Perioperative interventions differed depending on the 
type of surgery performed (Table 3). Adjuncts were used 
more often in cranial vault remodeling than strip crani-
ectomy, although the difference was negligible in some 
cases. The placement of an arterial line was common (55% 
overall), but more so during cranial vault procedures (88%) 
than strip craniectomies (34%). A Foley catheter was used 
in 37% of cases (9% of strip craniectomies and 81% of cra-
nial vault remodeling procedures). Tranexamic acid (TXA) 
and precordial Doppler were used in the majority of cranial 
vault remodeling procedures. Central lines and cell salvage 
were rarely used in either surgery. These practice patterns 
did not vary substantially among sites, except use of TXA. 
It was almost always used during cranial vault remodeling 
at 3 sites but only rarely at the other 2 institutions. The in-
traoperative transfusion rate was 81% when TXA was used 
compared with 94% when it was not used.

Postoperative management data are shown in Table 4. 
Postoperative drains were not used in patients who under-

went strip craniectomy but were almost always used in 
patients who underwent cranial vault remodeling (94%). 
Postoperatively, all patients who underwent cranial vault 
remodeling were admitted to the pediatric intensive care 
unit, whereas only 10% of patients who underwent strip 
craniectomy required intensive care. The length of stay 
also varied between groups: the median length of stay 
was 1 day for patients who underwent strip craniectomy 
versus 3 days for patients who underwent cranial vault 
remodeling. Over half (59%) of patients who underwent 
cranial vault remodeling underwent CT scanning before 
discharge, whereas only 8% of patients who underwent 
strip craniectomy underwent imaging before discharge. 
All patients in the strip craniectomy group who underwent 
surgery without springs (100 patients) were treated with a 
postoperative helmet.

Unintended Events and Outcomes
Intraoperative complications were rare (Table 5). Du-

ral opening occurred during 1 strip surgery (1%) and 3 
cranial vault remodeling procedures (4%). Bleeding from 
the sagittal sinus was seen during 2 strip craniectomies 
(2%) and 1 vault surgery (1%). There were no air emboli or 
brain injuries. Intraoperative transfusions were more com-
mon in the cranial vault cohort (83%) than in the strip cra-
niectomy cohort (7%). Additional complications were also 
rare before hospital discharge. In the cranial vault cohort, 
there were 2 patients with subdural hematoma and 1 pa-
tient with epidural hematoma, but none required interven-
tion. Two patients who underwent strip craniectomy and 1 
patient who underwent cranial vault remodeling required 
a blood transfusion before discharge, neither of whom had 
received an intraoperative transfusion. Repeat surgery oc-
curred in 32 children. Repeat surgery was expected for 
device removal in the 25 patients who underwent spring-
assisted craniectomy and 1 patient who underwent distrac-
tor-assisted craniectomy. There were 5 unplanned reop-
erations for spring repositioning (1 patient), infection after 
strip surgery (1 patient), delayed hematoma after strip sur-

TABLE 4. Postoperative management following strip craniectomy 
and cranial vault surgery

Postop Technique Strip Craniectomy Cranial Vault Surgery

Subgaleal drain 0 74 (94)
Admitted to ICU 13 (10) 79 (100)
CT before discharge  
from hospital

8 (8) 43 (59)

Length of stay, days
 Median 1 3
 Mean 1.8 3.2
Postop helmet use 100 (79) NA

NA = not applicable.
Values are shown as n (%) unless indicated otherwise.

TABLE 5. Unintended perioperative events and reoperations

Event Type
No. of Patients (%)

Strip Craniectomy Cranial Vault Surgery Total

Durotomy 1 (1) 3 (4) 4 (2)
Transfusion 9 (7) 66 (83) 75 (37)
Sinus bleeding 2 (2) 1 (1) 3 (1)
Air embolus 0 0 0
Brain injury 0 0 0
Postop subdural blood on imaging 0 1 (1) 1 (1)
Postop epidural blood on imaging 0 2 (3) 2 (1)
Postop bone defect >2 cm at follow-up >6 mos 12 (10) 4 (5) 16 (8)
Unplanned reop 
 Additional suture synostosis 2 (2) 0 2 (1)
 Infection 1 (1) 0 1 (0.5)
 Hematoma 1 (1) 0 1 (0.5)
 Spring repositioning 1 (1) 0 1 (0.5)
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gery (1 patient), and delayed fusion of an additional suture 
after strip surgery (2 patients). There were no reoperations 
for cranial defect after any strip craniectomy or cranial 
vault surgery.

Change in CI, from baseline to last follow-up, appeared 
to vary with surgical technique (Table 6). Wide craniec-
tomy (≥ 4.0 cm) with parietal wedge osteotomies was as-
sociated with a change in CI of 0.11, and narrow craniecto-
my (≤ 2.5 cm) with no parietal osteotomies was associated 
with a change of 0.06. CI data were unavailable for the 25 
spring-assisted procedures. After cranial vault surgery, the 
mean change in CI was 0.06.

Almost all parents in both groups scored the head 
shape of the patient on follow-up as “much better,” with 
94% of parents in the cranial vault cohort and 86% in the 
strip craniectomy cohort describing the outcome as such. 
Three percent of the parents in the cranial vault cohort 
and 9% of those in the strip craniectomy cohort described 
the head shape as “a little better,” and only 5% and 3%, 
respectively, thought the results were the “same.” None of 
the parents reported a worse shape.

Discussion
The purpose of this study was to identify areas of com-

monality and practice variations among treatment sites, 
with the hope that these data will prompt further research. 
Not surprisingly, we found variations in many aspects of 
sagittal synostosis management, including surgical timing 
and technique and use of intraoperative TXA. We had no 
required protocols for perioperative patient management, 
and although we wanted to identify areas of variation, such 
variation potentially confounded our assessment of out-
comes. Equally interesting was the similarity of disease 
severity, with preoperative CIs being remarkably consis-
tent in patients who underwent cranial vault remodeling 
and strip craniectomy across sites. Similar baseline CIs 
are advantageous when comparing changes in CI across 
treatment modalities and centers.

Sagittal synostosis is commonly thought of as an iso-
lated health event that is not associated with other medi-
cal conditions. We recorded the presence of other complex 
chronic conditions in patients treated for sagittal synos-
tosis. We found that approximately 13% of children (or 1 
in 8) with sagittal synostosis had at least one other health 
issue; the most common of these were gastrointestinal, 
genetic, and other neurological conditions. The potential 
for other problems, particularly cardiac and neurological, 
may impact surgery and outcomes and should be consid-

ered when planning the procedure. An additional fused 
suture on CT is another preoperative observation that may 
affect clinical treatment. In our study, 6 patients (3%) were 
found to have an additional fused suture; this is similar to 
another study in which 7 (5%) of 139 patients were found 
to have multiple-suture synostosis on preoperative evalua-
tion for sagittal synostosis.7

We have identified multiple areas of interest that could 
be studied more formally in the future: 1) our data suggest 
that surgical technique and magnitude of scaphocephaly 
correction may be related, and 2) use of TXA to minimize 
blood loss and transfusion may be beneficial in cranial 
vault remodeling surgery.

Children treated with wide craniectomy, defined as cra-
niectomy ≥ 4 cm, and parietal wedge osteotomies had a 
mean improvement in CI of 0.11, whereas those treated 
with narrow craniectomy without parietal osteotomies im-
proved by 0.06. This contrasts with the results of Dlouhy et 
al.,8 who found no difference between endoscope-assisted 
wide craniectomy with barrel-stave osteotomies and nar-
row craniectomy in a prospective study of 28 patients. In 
that study, the authors defined craniectomy widths as 4–6 
cm and 2 cm, respectively.8 Another single-center study 
that utilized narrow craniectomy with adjuvant helmet 
therapy showed similar results to those of our study, with 
a mean change in CI of 0.07 and a mean final CI of 0.76 in 
61 patients.9 In a comparison of cranial vault procedures 
with strip craniectomy, a large systematic review of 27 
studies found that both treatment modalities had varying 
degrees of improvement in CI, but there was not enough 
evidence to suggest either treatment group had greater im-
provement than the other.10 The lower cost associated with 
strip surgery has been documented.11 The choice of op-
erative technique for correction of scaphocephaly remains 
controversial and should be studied further.

Multiple studies have been published on the utility of 
TXA to reduce blood loss in craniosynostosis surgery.12–14 
These studies are retrospective but show favorable results, 
with decreased rates of intraoperative blood loss, red blood 
cell transfusion volume, and plasma and platelet transfu-
sion.12,14 Consistent with these results, our study revealed 
that 81% of children required transfusion when TXA was 
used in cranial vault remodeling compared with 94% when 
TXA was not used. These other studies did not report sig-
nificant complications associated with TXA use, but the 
assessment levels of these studies remain unclear. Cer-
tainly, in the nonsynostosis literature, complications such 
as stroke and seizure have been reported with TXA use.15–17

TABLE 6. CI outcomes

CI Strip Craniectomy Cranial Vault Surgery Total

Final 0.79 (0.78–0.80) 0.75 (0.73–0.77) 0.77
Change 0.09 (0.08–0.10) 0.06 (0.03–0.08) 0.09
Change w/ wide craniectomy* 0.11 (0.10–0.13)
Change w/ narrow craniectomy† 0.06 (0.05–0.08)

Values are shown as the mean (95% confidence interval).
* Defined as ≥ 4 cm with parietal wedge osteotomies.
† Defined as ≤ 2.5 cm without parietal osteotomy.
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In our analysis, we intentionally did not use statistical 
tests. We did not believe they were justified because this is 
an initial observational study without a priori hypotheses 
or sample size. We sought to simply describe our early ex-
perience and obtain event rates that will allow the devel-
opment of testable hypotheses for further work. We have 
also identified areas for improvement of our network. Con-
sistent use of the same outcome measure is essential. We 
thought that CI would be a simple universal outcome, but it 
was not part of the practice at 1 site, and another site used 
it inconsistently. This limited our sample size for assess-
ing change in CI. In addition, although its quantification 
is simple, CI does not reflect frontal bossing or pterional 
narrowing very well. More complicated measurements 
could be considered but often require postoperative CT,18 
which was not done consistently at our centers and results 
in additional radiation exposure. Finally, 1 site had per-
sonnel changes soon after joining the network, resulting 
in a limited number of included patients. We believe that 
these issues can be corrected and that the advantages of 
multicenter collaboration, using common data fields, defi-
nitions, and common study questions, will provide useful 
data for the management of these children.
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