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The Management of Blood Loss in Non-Syndromic 
Craniosynostosis Patients Undergoing Barrel Stave Osteotomy

ABSTRACT

are used in an attempt to keep the body temperature stable 
and it may be monitored continuously by a probe. However, 
it is nearly impossible to objectively evaluate the amount of 
bleeding in the calvarium while undergoing a barrel stave 
osteotomy. Therefore, the intraoperative observations of the 
surgeon, his experience, and his communication with the 
anesthetist and monitoring of vital signs are important in 
determining perioperative blood and fluid losses (13). 

Our aim was to evaluate blood loss and administration 
of blood products in patients being operated on to treat 
craniosynostosis, while taking age, body weight, type of 
craniosynostosis, preoperative and postoperative hemoglobin 
and hematocrit levels in to consideration.

█    INTRODUCTION

Craniosynostosis is the early and pathologic closure of 
one or more sutures in the cranium, generally causing an 
abnormal appearance (21). Although craniosynostosis 

cases are referred to a physician for cosmetic reasons, the 
main aim of neurosurgeons in treating craniosynostosis is to 
relieve an increase in potential intracranial pressure on the 
neural tissues and prevent and or treat disorders of cognitive 
function. Thus, a widely used procedure in neurosurgery, barrel 
stave osteotomy, is applied to the majority of craniosynostosis 
cases. Hypothermia and hypovolemia are the most important 
causes of morbidity and mortality in surgical interventions 
of craniosynostosis (18). During surgery, heating blankets 

AIm: Barrel stave osteotomy is a widely used procedure in neurosurgery for the majority of craniosynostosis patients. Both in the 
intraoperative and postoperative periods, there is inevitable leakage type bleeding from the bones undergoing osteotomy. A number 
of studies have been performed in order to prevent this complication but a concise procedure is still lacking.  
MaterIal and Methods: Synostectomy and parietotemporal barrel stave osteotomy were applied to 143 patients who were 
operated on with a diagnosis of craniosynostosis between the years 2005-2013. At the beginning to osteotomy, 5 ml/kg erythrocyte 
suspension (ES) was given for probable blood loss. Whole blood count was performed at the postoperative 1st and 6th hours and 
cases with hemoglobin levels below 10 or with hematocrit levels which had decreased more than 5% between the 1st and 6th hours 
were administered erythrocyte transfusion.     
Results: Of the patients, 100 were boys and 43 were girls. Of these, 98 had metopic, 30 had sagittal, 9 had metopic+sagittal, 4 had 
unilateral, 2 had bilateral and 6 had coronal synostosis. All the cases were administered intraoperative erythrocyte suspension. The 
preoperative amount of administered mean erythrocyte was 8.61 ml/kg. In the postoperative period, 92 patients were administered 
erythrocyte suspension. The postoperative amount of administered mean erythrocyte suspension was 7.98 ml/kg.  
ConclusIon: For an operated infant with craniosynostosis who is operated on in the first year of life, undergoing osteotomy and 
inevitable bone-borne blood losses are very important and these have to be replaced immediately.        
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█    MATERIAL and METHODS
One hundred and forty three cases operated on by the same 
surgical team with the diagnosis of craniosynostosis in Erciyes 
University, Faculty of Medicine, Department of Neurosurgery 
between the years 2005-2013 were included. Preoperative 
whole blood count, biochemistry, prothrombin time, active 
partial thromboplastin time and international normalized 
ratio (INR) tests were performed. Patients with hemoglobin 
levels below 9 were administered a 10 ml/kg erythrocyte 
suspension (ES) preoperatively to increase hemoglobin 
levels as recommended by consulted pediatricians. Patients 
with an abnormal thrombocyte count and INR values were 
excluded. In order to evaluate the cranium, preoperative brain 
tomography and three-dimensional cranium tomography were 
conducted. The cases were consulted with the Department of 
Pediatrics both in the preoperative and postoperative periods.

Surgical Technique

In order to prevent hypothermia, a blanket was placed on 
the operating room table. Patients were placed in supine 
and horseshoe headed position. The operation site was 
cleaned with chlorhexidine solution for three minutes. In the 
preoperative period, prophylactic antibiotics (30 minutes 
before surgery 40 mg/kg cefazolin sodium) were administered. 
In order to relieve blood loss and postoperative pain, 10 mg/
ml of local anesthetics were applied with an injector washed 
with epinephrine to the dermal incision sites. A bicoronal 
dermal incision was performed. Dermal bleeding was 
controlled using a bipolar thermal cautery probe. The skin 
was elevated to keep periosteum on the bone. Afterwards, 
the periosteum was scraped from the bone and bone-borne 
bleedings were closed with bonewax. Frontal craniectomy, 
frontoorbital advancement, remodeling and biparietal barrel 
stave osteotomy were performed for cases with metopic 
synostosis; sagittal synostectomy and biparietal barrel stave 
osteotomy were performed for cases with sagittal synostosis; 
bifrontoorbital improvement, bifrontal craniotomy, bilateral 
barrel stave osteotomy and orbital apex osteotomy were 
performed for cases with unilateral coronal synostosis; bilateral 
coronal synostectomy, frontoorbital reshaping, bifrontal and 
biparietal barrel stave osteotomy were performed for cases 
with bilateral coronal synostosis. Barrel stave osteotomies 
were performed using 1-2 cm cuts and interval lengths of 
4-6 cm (Figure 1). Erythrocyte suspensions were given in 
accordance with the amount of bleeding from the osteotomy 
sites in the aspirator bottle and the number of saturated 
sponges. A mini-vac drain was placed on the epidural site. 
Calvarial periosteum sites were fixed loosely from various 
parts. The subcutaneous site was closed with vicryl and the 
skin was closed with silk sutures.

A whole blood count was obtained at the first and sixth hour 
postoperatively. Patients with hemoglobin levels below 10 or 
with hematocrit levels which had decreased more than 5% 
between the first and sixth hour were administered a 10 mg/
kg erythrocyte transfusion. The cases were followed in the 
intensive care unit of neurosurgery department for 24 hours 
during the initial postoperative period. They were discharged 
on postoperative day three or four and called to the outpatient 

clinics on postoperative day seven in order to perform early 
control. Magnetic resonance imaging (MRI) was performed on 
all cases six months postoperatively. 

█    RESULTS
In the current study, 100 males (69.9%) and 43 females 
(30.1%) were included. Of the cases 98 (68.5%) had metopic, 
30 (20.9%) had sagittal, 9 (6.2%) had metopic and sagittal, 
and 6 (4%) had coronal synostosis, 4 (2.7%) being unilateral 
and 2(1.3%) being bilateral (Figure 2).

Of the cases, the mean age was 7.4 months (1-48 months), 
mean body weight was 8.26 kg (3.5-16.0 kg) and mean height 
was 65.5 cm (49-97 cm), respectively. Mean anesthesia 
duration was 148.7 minutes (60-270 minutes) and mean 
surgical time was 124.4 minutes (40-240 minutes), respectively. 
The preoperative mean hemoglobin level was 11.6 g/dL (9.0-
17.1 g/dL) and mean hematocrit level was 34.4% (27-54%), 
respectively. In the intraoperative period, all the cases were 
administered a mean 8.61 ml/kg erythrocyte suspension 
(ES). In the postoperative period, 92 cases (64.0%) were 
administered a mean 7.98 ml/kg erythrocyte suspension. The 
postoperative first hour mean hemoglobin level was 11.1 g/
dL (8.9-14.7 g/dL) and the mean hematocrit level was 34.8% 
(26.4-48.0%). The postoperative sixth hour mean hemoglobin 
level was 10.3 g/dL (8.7-15.1 g/dL) and the mean hematocrit 
level was 33.5% (25.4-46.1%) (Table I).

Figure 1: Barrel 
stave osteotomy 
in a patient with 
sagittal synostosis. 

Figure 2: The classification of craniosynostosis of the cases.
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No postoperative pyrexia or allergenic reaction was recorded 
and there were no mortalities. There were two (1.3%) surgical 
site infections, one (0.7%) thin epidural hematoma that did not 
require surgical intervention, one (0.7%) methemoglobinemia, 
one (0.7%) cerebrospinal fluid (CSF) leakage that stopped 
after using OPSITE® spray and one (0.7%) re-ossification that 
required surgical intervention.

█    DISCUSSION
Management of blood loss is an important issue in 
craniosynostosis surgery both in the intraoperative and 
postoperative periods (19). A small amount of blood loss 
may result in hypotension and cardiac arrest in an infant with 
craniosynostosis (7). Thus, attention should be paid both 
in the intraoperative and postoperative periods. Different 
methods have been attempted in order to decrease blood 
loss and to prevent transfusion complications. Even though 
there have been many efforts to improve blood sparing during 
craniosynostosis surgery, including minimally invasive and 
endoscopic techniques (6,10,12,14), the use of autologous 
blood obtained from the patient in the preoperative period 
(11), intraoperative aminocaproic acid (17), tranexamic acid 
(4,8), preoperative recombinant human erythropoietin (15) and 
fibrin glue (25) applications, there is no concise or universally 
accepted procedure yet. 

In the current study, of the 143 cases, 100 were male (69.9%) 
and 43 were female (30.1%). Although in recent studies, 
generally male-to-female ratios were equal or females had 
numerical superiority (1,5,10,19,24), the obvious majority 
of boys in our study may be due to the sociodemographic 
characteristics of the cases. 

Certain factors may influence timing in craniosynostosis 
surgery. As there is no increase in intracranial pressure, 
craniosynostosis surgery is performed in the first 3-6 months of 
life; in patients who will benefit from a barrel stave osteotomy, 
it is most appropriate to postpone the surgery to 5-6 months 

of age. In the study of Dahmani et al. (5), which included 41 
patients diagnosed with craniosynostosis, the mean age was 
7.2 months; in the study of Steinbok et al. (23), including 32 
cases, the mean age was 8.3 months. In the current study, the 
mean age was 7.4 months, in accordance with the literature.

In our study, the first and most prevalent cases were metopic 
(69.2%), the second were sagittal (20.2%) and the third were 
metopic+sagittal (6.2%). However, in a number of studies, 
sagittal synostosis is reported to be more prevalent (1,3,22). 
In our cases, the high prevalence of metopic synostosis may 
be due to their demographic characteristics. 

During surgical procedures, elongation of surgical time is the 
most important factor that influences bleeding (26). Thus, 
the experience of the surgical team may reduce the duration 
of surgery and also indirectly reduce the bleeding. In our 
study, the mean surgical time was 124.4 (60-270 minutes) 
minutes. However, in the literature there are many studies 
with significantly longer surgical times (2,13,24,26). White et 
al. (26), reported a mean surgical time of 5.11 hours in their 
study determining the markers of blood loss in frontoorbital 
advancement remodeling surgery. Kang et al. (13) reported 
a mean surgical time of 3.5 hours in their study on the 
management of blood loss in craniosynostosis surgery. In 
the current study, our duration of operation was shorter than 
that in other studies, probably due to the efficiency of our 
collaborative surgical team.

There is an insensible blood leakage from the cut bone when 
barrel stave osteotomy is being performed on the calvarium. 
This is the main difference from the other procedures. In the 
current study all of the cases were administered ES during 
barrel stave osteotomy. The mean amount of intraoperative 
ES was 61.2 ml (15-200 ml). White et al. (26), in their study 
with 116 cases, administered more than 300 ml ES and used 
intraoperative fibrin glue in order to decrease postoperative 
bleeding. Shah et al. (20), in their study comparing endoscopic 
and open methods, found mean blood amount given 
intraoperatively as 218 ml in the open method with 89 cases 
undergoing barrel stave osteotomy. Moon et al. (16), applying 
barrel stave osteotomy and “Z” osteotomy together in 5 cases 
with sagittal synostosis, reported the mean blood amount given 
intraoperatively as 452 ml. Zackary et al. (27), applying barrel 
stave osteotomy to 100 cases with craniosynostosis, reported 
the mean blood amount given intraoperatively as 302.8 ml. 
Jeong et al. (9), in their study on the complications of 94 cases 
with craniosynostosis, reported the mean blood amount given 
intraoperatively as 1231.5 ml. In the current literature, compared 
to other open-types of barrel stave osteotomy applications in 
craniosynostosis surgery, we administered lower amounts of 
blood. Both in the above-mentioned studies and also in our 
current study, there was bleeding in cases undergoing barrel 
stave osteotomy and blood had to be administered. In surgery, 
although blood transfusion was performed in each case, the 
preoperative mean hemoglobin level was measured as 11.6 
g/dL; this decreased to 11.1 g/dL in the first postoperative 
hour and 10.3 g/dL in sixth postoperative hour. ES given as 
0.5-1.0 ml/kg is a tolerable amount by the patients and is not 
expected to exert a serious effect on hemodynamics. In some 

Table I: Characteristics of the Cases

Mean Minimum-
Maximum

Age (months) 7.4 1-48
Body weight (kg) 8.26 3.5-16
Height (cm) 65.5 49-97
Duration of anaesthesia (min) 148.7 60-270
Mean surgical time (min) 124.4 40-240
Preoperative Hb (mg/dL) 11.6 9-17.1
Preoperative Htc (%) 34.4 27-54
Intraoperative ES (ml) 61.2 15-200
Intraoperative ES (ml/kg)
Postoperative 1st hour Hb

8.61
11.1

7.98
8.9-14.7

Postoperative 6th hour Hb 11.1 8.7-15.1
Postoperative ES (n=92) 49.7 15-160
ES: Erythrocyte suspension, Hb: Hemoglobin, Htc: Hematocrit.
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cases, although a 200 cc blood transfusion was performed 
according to estimated blood loss, our findings of a decrease 
in postoperative hemoglobin levels supports our view of blood 
administration in accordance with intraoperatively estimated 
blood loss. 

█    CONCLUSION
Barrel stave osteotomy is a widely used procedure in 
neurosurgery applications for craniosynostosis surgery. 
According to our results, ES should be administered to 
patients at the beginning of an osteotomy as there are both 
intraoperative and postoperative leakage-type bleedings from 
the bones undergoing the osteotomy, and sometimes these 
bleedings may reach a clinically significant volume and could 
possibly prove fatal. The volume of this bleeding is difficult 
to measure objectively and only may be estimated by the 
experience of the surgeon and the intraoperative observation 
of the anesthetist. Some objective criteria that may be 
applied is the count of used sponges with an approximated 
volume of blood absorbed and the amount of intraoperative 
irrigation fluid used which should be closely monitored by an 
experienced anesthetist who is accustomed to pediatric cases. 
The bleeding volume is particularly important for an infant in 
the first year of life, especially within the first six months. The 
lost blood volume should be replaced immediately. 
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