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Abstract
Background
Bleeding is one of the most common complications of craniosynostosis surgery, which its appropriate
management is associated with better post-operative outcomes. The aim of this retrospective study
was to evaluate the visual estimated blood loss in intraoperative management of infants with
craniosynostosis surgery.
Materials and Methods
This retrospective study was performed on 200 patients who underwent craniocinostosis surgery and
hospitalized in intensive care unit (ICU) at Mofid Hospital, Tehran, Iran, from July 2015 to June
2017. Data collecting was done using a self-made checklist and from patients' medical record.
Required data include age, gender, method of anesthesia, and arterial blood gas (ABG), hemoglobin
(Hb), and platelet (Plt) changes during surgery, volume of administered blood and fluid were recorded
and evaluated. Data analysis using SPSS software (version 22.0).
Results
Among the patients, 59% (n=118) were boys, the mean age of patients was 13.3 ± 13.52 months.
Anesthesia technics were total intravenous anesthesia (TIVA) (15.5%, n= 31), and inhalation or
mixed (84.5%, n=169). Patients received 992.02 ± 468 ml fluid and 205.86± 100 ml blood, before
surgery. There was no significant difference between preoperative Hb and first Hb in pediatric
intensive care unit (PICU) (p=0.12). However, preoperative and first Plt in PICU were different
(p=0.000). Also, last Hb in ABG (10.5±1.90), and the first Hb in PICU showed no significant
difference (r=0.088, p=0.219).
Conclusion
According the results, visual assessment and correction of blood loss with hemoglobin measurement
and by experienced anesthesiologist was a reliable and safe method in patients with craniosynostosis
surgery and feasible in every operating room.
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1- INTRODUCTION
Craniosynostosis is a condition in
which one or more cranial vault sutures
prematurely fused by ossification that
leads to abnormal shape of the skull. Its
prevalence is approximately 1 per 2,000
live births. In addition to aesthetic issues,
this disorder can lead to increased
intracranial pressure (ICP), optic or
auditory nerves impairments or cognitive
impairment. Craniosynostosis in 85% of
cases are isolated and 15% syndromic and
involve various systems of the body (1, 2).
The treatment is surgical repair during the
first few months of life. Although
craniosynostosis repair appears to be
relatively safe in the absence of underlying
diseases, the perioperative period can be
very complicated (3, 4).
One of the major complications associated
with surgery is high excessive bleeding
(5). Perioperative bleeding can occur
slowly or acutely that massive transfusion
is required. Bleeding mainly is high risk
for infants with lower age and weight, and
in long duration surgeries like syndromic
type. A number of Studies showed that the
average volume of transfusion is 50 ml/kg
but may reach to more than 100 ml/kg (6,
7). Keeping in mind, the main challenge in
surgical and anesthetic management of
craniosynostosis patients is to control and
correct the hemorrhage and care should be
focused on maintaining hemodynamic
stability and prevention of coagulation
disorder. Many researches are carried on
management of bleeding and application
of
strategies
to
reduce
it
in
craniosynostosis surgery (8, 9).
These approaches include less invasive
surgical techniques such as endoscopic
surgery, or modifying open surgical
techniques
(10), prescribing iron or
erythropoietin before surgery, prescribing
antifibrinolytics
and
autologous
transfusion techniques such as cell salvage
and preoperative autologous blood
donation. These techniques are usually
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easy to use in older children and adults,
but in infants need special equipment and
skilled personnel (7, 10-27). Furthermore,
overestimation or underestimation of
bleeding and transfusion has minor and
major complications including risks related
to
massive
transfusion,
increased
myocardial workload a, pulmonary edema,
anemia, cerebral hypoxia and longer
duration of stay in intensive care unit
(ICU) (28, 29). The accurate estimation of
bleeding and appropriate compensation in
craniosynostosis surgery remains a major
challenge for anesthesiologist (30-33).
Using visual estimation of blood loss such
as the volume of suctioned blood, drapes,
swabs, blood shed on floor, soaked
surgical gowns and bloody gauze are
controversial. Other various methods, such
as measuring hemoglobin (Hb) and
hematocrit (Hct), and gravimetric central
venous pressure (CVP), and electrical
conductivity measurements are used. The
unavailability of equipment and personnel
for performing laboratory tests, the long
duration of surgery and financial issues are
the limitation of these methods (28, 34,
35). This study aimed to determine
reliability of visually estimated blood loss
with hemoglobin measurement which is a
simple and feasible method in every
operating room.
2- MATERIALS AND METHODS
In this retrospective, cross sectional
study, 200 patients who underwent
primary reconstruction of craniosynostosis
at Mofid Hospital, Tehran-Iran, from July
2015 to June 2017 were included to the
study. The study was approved by hospital
ethics committee. Sample size was
estimated by sample size calculator
software with 95% confidence interval and
p<0.05 considered analytically significant.
Inclusion criteria were non syndromic
craniosynostosis primary repair, age less
than 10 years. Exclusion criteria were
patients with life threatening underlying
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disease such as heart and pulmonary
diseases, anemia, coagulation disorders,
hypothyroidism, metabolic disorders (36)
and meningitis. The same team of
surgeons and anesthesiologists were
responsible for all the cases in our study.
Perioperative period was from start of
anesthesia until entrance to recovery.
Postoperative period was from entering
recovery room until discharge from
pediatric intensive care unit (PICU).
Anesthesia technics were total intravenous
anesthesia (TIVA), and inhalation or
mixed. In TIVA, induction was performed
with thiopental 5mg/kg, fentanyl 2 µg/kg
and atracurium 0.5 mg/kg in both groups
and patients were intubated with spiral
Uncuffed Endotracheal Tube (ETT).
In addition to standard monitoring (Blood
pressure
(BP),
Pulse rate (PR),
Electrocardiography (ECG), end tidal
carbon dioxide (ETCO2), invasive
monitoring including arterial line and
central venous catheter was established.
All of patients were in 15 degree head up
position. Maintenance of anesthesia was
provided by Isoflurane (1 MAC) in group
A and Propofol 150 ug/kg/min and
remifentanil 0.1ug/kg/min in group B. The
mean blood pressure (MAP), and heart rate
(HR) were recorded every 5 minutes. In
inhalation anesthesia method, 15 minutes
before
starting
craniotomy,
hyperventilation with the aim of keeping
partial pressure of end tidal carbon dioxide
(PETCO2) around 25-30 and Paco2 30-35
mmHg was established.
Also, normocapnia (PETCO2=35 mmHg)
was maintained. ABG samples were used
to measure Paco2. During surgery, the
surgeon evaluated intra cranial pressure
(ICP) (37). Data collecting was done using
a self-made checklist and from patients’
medical record after allowing the member
staffs who were responsible for
maintaining the patients’ records. Data
include duration of anesthesia, volume of
transfusion blood and fluid intake,
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receiving calcium and fresh frozen plasma
(FFP). Total amount of bleeding was
estimated based on ml of blood in suction
tank and gauzes and surgical fields by
continue evaluation of anesthesiologist
during operation (31). Using each
individual
patient’s
preoperative
hemoglobin (Hb), Hb lost was converted
to volume of blood loss with the formula
Volume in mL = measured Hb loss in g ×
(100 mL/dL)/(Preoperative Hb in g/dL)
(5).
All
patients’
demographic
characteristics such as age, weight, gender,
duration of anesthesia and lab results for
primary outcomes including preoperative
hemoglobin and platelets, last Hb in
arterial blood gas (ABG), first Hb and
platelets (Plt) in PICU were recorded. Last
Hg of ABG had been usually checked and
noted in anesthesia chart preoperatively to
have a document for legal issues.
Secondary outcomes including fever in
PICU, volume of blood transfusion and
fluid intake and length of PICU stay were
also recorded.
Statistical analysis was conducted by using
SPSS 22.0 software (Chicago, IL, USA).
The parametric variables were presented as
mean ± standard deviation [SD] and
analyzed by student t-test and as
appropriate. For non- parametric variables
Chi-square or Mann-Whitney U-test were
used, also p-value less than 0.05 was
considered as statistically significant.
3- RESULTS
A total of 210 cases were investigated,
of which 10 were excluded due to
inadequate information in their medical
record. Finally, 200 patients were enrolled
in the study that among them 59% (n=118)
were boys and 41% (n=82) were girls. The
Mean age was 13.3 ± 13.52 months (2.5 to
108 months). The mean weight of patients
was 9.30 ± 3.17 Kilograms (5 to 30 kg).
Anesthesia techniques were TIVA 15.5%
(n= 31) and inhalation or mixed 84.5% (n=
169). The mean duration of anesthesia was
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6.9 ± 0.87 hours and the patients received
992.02 ± 468 mL fluid and 205.86 ± 100
mL blood during surgery. Also, the
volume of fluid intake to weight ratio was
110.01 ± 45.88 ml/kg and the volume of
transfused blood to weight ratio was 23.04
± 12.33 ml/kg. The mean PICU length of
stay was 32.2 ± 14.03 hours (8 to 96 h).
None of the patients received FFP, while
80% (n=159) of them received Calcium
intravenously. Bleeding in drain bag
occurred in more than 50% (n=101) of the
patients and 11% (n=22) had fever

(temperature > 38 degrees centigrade) in
PICU. There was no death during or after
surgery. Table.1 shows preoperative Hg
and platelet and first measurement of Hg
and platelet of patients in PICU. There was
no
significant
difference
between
preoperative Hb and first Hb in PICU
(p=0.12). Preoperative and first Plt count
in PICU were significantly different
(p=0.000). Also, Last Hb in ABG
(10.5±1.90) and the first Hb in PICU
showed no difference. (t=0.088, p=0.219).

Table-1: The comparison of Preoperative Hb and Plt with first Hg and Plt in PICU.
Variables
Hemoglobin
Platelet

Before surgery
Mean ± SD
11.35 ± 1.04

In PICU
Mean ± SD
11.13± 1.89

t-test

P-value

1.56

0.12

371400 ± 287330

212050 ± 74760

-8.30

0.000

PICU: Pediatric intensive care; SD: Standard deviation.

4- DISCUSSION
This study showed that close
observation of hemodynamic changes and
continues visual monitoring of blood loss
by anesthesiologist is a reliable and safe
method to estimate blood loss and
resulting accurate corrections. Blood loss
was compensated acceptably and first Hb
in PICU was close to preoperative values.
Although in previous studies, various
methods such as colorimetric Hb,
osmolarity and gravimetric were used to
estimate blood loss during surgery, but due
to their limitations they did not succeed
perfectly. In agree with our study, some
researchers resulted that close monitoring
of hemodynamics and central venous
pressure (CVP), and Hb measurements
were preferred approach (33, 35). Guinn
et al., compared anesthesiologist estimates
of intraoperative blood loss with measured
Hb loss to determine the accuracy of
intraoperative blood loss estimation in 60
patients undergoing posterior spine
surgery. Level of Hb was converted into
volume of blood lost and compared with
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estimates of blood loss. They concluded
that estimated blood loss exceeded
measured blood loss by 40% on average.
The finding of Guinn study does not
support our results that may be due to the
differences between anesthesiology team
in visually estimated blood loss to
determine
Hb
concentration
of
sanguineous solutions in suction canisters
and surgical sponges (5). Hass et al. (2014)
investigated improvements in patient blood
management for pediatric craniosynostosis
surgery
using
a
rotational
thromboelastometry (ROTEM) (38). In
their study, the amount of unnecessary
transfusion was significantly reduced. In
some of the studies, simple objective
techniques have been successful in
determining the endpoint for transfusion or
Hb measurement (5, 39). However, in
Jareonrattanadaechakul study (2017), chart
for visual estimation was applied which
was more reliable than visual estimation
method alone (40). In contrast to our
results, in studies conducted on midwifery
and cesarean section, orthopedics and
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urology surgeries, visual estimation of
blood loss were not a precision method
and delayed diagnosis or underestimate of
blood loss have been reported (41, 42).
Furthermore, in two studies, using blood
gas measurements in the estimation of
blood loss was more reliable than visual
approach (45, 46). However, Seruya et al.
(2011) who compared estimated blood loss
(EBL) and calculated blood loss (CBL)
based on Hb in craniotomy surgery
patients, both methods was associated with
underestimated and overestimation to
compensate of blood loss (43). There was
a significant difference between the mean
platelet count before and after the surgery,
which may be due to uncompensated Plt
during
surgery
and
dilutional
thrombocytopenia. In the present study,
the mean length of stay in the PICU was
32.2 hours, which is less than Shastin et al.
(2017) study that was 3.5 days in patients
with craniosynostosis surgery (44).

5- CONCLUSION

It may be due to keeping hemodynamic
stability during surgery and not required
intensive hemodynamic challenges in
PICU which resulted faster discharge.
Also, none of the patients in our study
received FFP, and died in PICU. Since the
most important factor of mortality in this
surgery is massive bleeding and
consequent coagulopathy, our acceptable
management of bleeding caused these
findings. In addition, the mean average of
transfused blood was lower than 1.5 blood
volume of patients (23.04+_12.33 ml/kg)
so, FFP was not administered.

4.
Nguyen C, Hernandez-Boussard T,
Khosla RK, Curtin CM. A national study on
craniosynostosis surgical repair. The Cleft
Palate-Craniofacial Journal. 2013;50(5):55560.

4-1. Limitations of the study
One of the limitations of this study was
lack of long post-operative outcomes such
as need for transfusion in PICU period.
Also, we did not record type of anomalies
which are important factors affecting time
of surgery and amount of bleeding. We
recommend another prospective study
aimed to visual assessment of bleeding
along with serial screening component of
Hct in ABGs.
Int J Pediatr, Vol.6, N.9, Serial No.57, Sep. 2018

According to the results, visual
assessment of bleeding with Hb
measurement can be a reliable method to
assess blood loss during craniosynostosis
surgery. Further studies are recommended
to confirm our findings.
6- CONFLICT OF INTEREST: None.
7- REFERENCES
1.
Kim HJ, Roh HG, Lee IW.
Craniosynostosis: Updates in radiologic
diagnosis. Journal of Korean Neurosurgical
Society. 2016;59(3):219-26.
2.
Proctor
MR.
craniosynostosis
repair.
pediatrics. 2014;3(3):247.

Endoscopic
Translational

3.
Di Rocco C, Tamburrini G, Pietrini D,
editors. Blood sparing in craniosynostosis
surgery. Seminars in pediatric neurology;
2004: Elsevier.

5.
Guinn NR, Broomer BW, White W,
Richardson W, Hill SE. Comparison of
visually estimated blood loss with direct
hemoglobin measurement in multilevel spine
surgery. Transfusion. 2013;53(11):2790-4.
6.
Pearson A, Matava C. Anaesthetic
management for craniosynostosis repair in
children. Bja Education. 2016;16(12):410-6.
7.
Thomas K, Hughes C, Johnson D, Das
S. Anesthesia for surgery related to
craniosynostosis: a review. Part 1. Pediatric
Anesthesia. 2012;22(11):1033-41.
8.
Kucuk A, Tumturk A, Gergin IS, Oral
S, Gorkem SB, Kurtsoy A, et al. The
management of blood loss in non-syndromic
craniosynostosis patients undergoing barrel
stave
osteotomy.
Turk
Neurosurg.
2017;27(1):138-41.
9.
White N, Marcus R, Dover S, Solanki
G, Nishikawa H, Millar C, et al. Predictors of
blood loss in fronto-orbital advancement and

8211

Visually Estimated Blood Los with Hemoglobin Measurement

remodeling. Journal of Craniofacial Surgery.
2009;20(2):378-81.
10.
Goobie SM, Haas T. Bleeding
management for pediatric craniotomies and
craniofacial surgery. Pediatric Anesthesia.
2014;24(7):678-89.
11.
Pietrini D, Goobie S. Intraoperative
management
of
blood
loss
during
craniosynostosis surgery. Pediatric Anesthesia.
2013;23(3):278-84.
12.
Anantheswar Y, Venkataramana N.
Pediatric
craniofacial
surgery
for
craniosynostosis: Our experience and current
concepts: Part-1. Journal of pediatric
neurosciences. 2009;4(2):86.
13.
Bonhomme V, Damas F, Born J, Hans
P, editors. Perioperative management of blood
loss
during
surgical
treatment
for
craniosynostosis.
Annales
francaises
d'anesthesie et de reanimation; 2002.
14.
Mekitarian Filho E, De Carvalho WB,
Cavalheiro S, Horigoshi NK, Freddi NA.
Perioperative
factors
associated
with
prolonged intensive care unit and hospital
length of stay after pediatric neurosurgery.
Pediatric neurosurgery. 2011;47(6):423-9.
15.
Song G, Yang P, Hu J, Zhu S, Li Y,
Wang Q. The effect of tranexamic acid on
blood loss in orthognathic surgery: a metaanalysis of randomized controlled trials. Oral
surgery, oral medicine, oral pathology and oral
radiology. 2013;115(5):595-600.
16.
Song G, Yang P, Zhu S, Luo E, Feng
G, Hu J, et al. Tranexamic acid reducing blood
transfusion
in
children
undergoing
craniosynostosis
surgery.
Journal
of
Craniofacial Surgery. 2013;24(1):299-303.
17.
van Uitert A, Megens JH, Breugem
CC, Stubenitsky BM, Han KS, de Graaff JC.
Factors influencing blood loss and allogeneic
blood transfusion practice in craniosynostosis
surgery.
Pediatric
Anesthesia.
2011;21(12):1192-7.
18.
Kearney RA, Rosales JK, Howes WJ.
Craniosynostosis: an assessment of blood loss
and transfusion practices. Canadian journal of
anaesthesia. 1989;36(4):473-7.
19.
Cárdenas VHG, Martínez MVV,
Rueda MER, Guevara NS, Prada JR, Baquero

Int J Pediatr, Vol.6, N.9, Serial No.57, Sep. 2018

P. Anestesia para craneosinostosis. Revista
Colombiana
de
Anestesiología.
2014;42(3):199-204.
20.
Hsu G, Taylor J, Fiadjoe J, Vincent A,
Pruitt E, Bartlett S, et al. Aminocaproic acid
administration is associated with reduced
perioperative blood loss and transfusion in
pediatric
craniofacial
surgery.
Acta
Anaesthesiologica
Scandinavica.
2016;60(2):158-65.
21.
Stricker PA, Fiadjoe JE. Anesthesia
for craniofacial surgery in infancy.
Anesthesiology clinics. 2014;32(1):215-35.
22.
Velardi F, Di Chirico A, Di Rocco C,
Fundaro C, Genovese O, Rendeli C, et al. “No
Allogeneic Blood Transfusion” protocol for
the surgical correction of craniosynostoses II.
Clinical application. Child's Nervous System.
1998;14(12):732-9.
23.
Krajewski K, Ashley RK, Pung N,
Wald S, Lazareff J, Kawamoto HK, et al.
Successful
blood
conservation during
craniosynostotic correction with dual therapy
using procrit and cell saver. Journal of
Craniofacial Surgery. 2008;19(1):101-5.
24.
Faberowski L, Black S, Mickle J.
Blood loss and transfusion practice in the
perioperative management of craniosynostosis
repair.
Journal
of
neurosurgical
anesthesiology. 1999;11(3):167-72.
25.
Hansen JK, Lydick AM, Wyatt MM,
Andrews BT. Reducing Postoperative
Bleeding After Craniosynostosis Repair
Utilizing a Low-Dose Transexamic Acid
Infusion Protocol. Journal of Craniofacial
Surgery. 2017;28(5):1255-9.
26.
Koh JL, Gries H. Perioperative
management of pediatric patients with
craniosynostosis. Anesthesiology clinics.
2007;25(3):465-81.
27.
Ursitti F, Fadda T, Papetti L, Pagnoni
M, Nicita F, Iannetti G, et al. Evaluation and
management
of
nonsyndromic
craniosynostosis.
Acta
Paediatrica.
2011;100(9):1185-94.
28.
Bower W, Jin L, Underwood M. Perioperative blood transfusion increases length of
hospital stay and number of postoperative
complications in non-cardiac surgical patients.
Hong Kong Med J. 2010;16(2):116-20.

8212

Sadeghi et al.

29.
Williams GD, Ellenbogen RG, Gruss
JS. Abnormal coagulation during pediatric
craniofacial surgery. Pediatric neurosurgery.
2001;35(1):5-12.
30.
Vlayen A, Verelst S, Bekkering GE,
Schrooten W, Hellings J, Claes N. Incidence
and preventability of adverse events requiring
intensive care admission: a systematic review.
Journal of evaluation in clinical practice.
2012;18(2):485-97.
31.
Hormozi
AK,
Mahdavi
N,
Foroozanfar MM, Razavi SS, Mohajerani R,
Eghbali A, et al. Effect of Perioperative
Management on Outcome of Patients after
Craniosynostosis Surgery. World journal of
plastic surgery. 2017;6(1):48.
32.
Seruya M, Oh AK, Rogers GF, Han
KD, Boyajian MJ, Myseros JS, et al. Blood
loss
estimation
during
fronto-orbital
advancement:
implications
for
blood
transfusion practice and hospital length of
stay. Journal of Craniofacial Surgery.
2012;23(5):1314-7.
33.
Ali A, Basaran B, Yornuk M, Altun D,
Aydoseli A, Sencer A, et al. Factors
influencing blood loss and postoperative
morbidity
in
children
undergoing
craniosynostosis surgery: a retrospective
study. Pediatric neurosurgery. 2013;49(6):33946.
34.
Abbasi S, Enam S. Comparison of
visual estimation of blood loss with serial Hb
and Hct estimation in supratentorial
craniotomy. Blood Loss. 2011.
35.
Hare GM, Tsui AK, McLaren AT,
Ragoonanan TE, Yu J, Mazer CD. Anemia and
cerebral outcomes: many questions, fewer
answers.
Anesthesia
and
Analgesia.
2008;107(4):1356-70.
36.
Yazdiha MS, Ghorbani R, Behshad J,
Hoseini SM, Razavi M, Emadi A. Relationship
between idiopathic hypercalciuria and urinary
tract infection in children of 1-14 years of age.
koomesh Journal. 2016;18(1): 153-8.
37.
Mahdavi A, Malekianzadeh B,
Sadeghi AS. The Effect of Inhalation

Int J Pediatr, Vol.6, N.9, Serial No.57, Sep. 2018

Anesthesia with Hyperventilation and total
Intravenous Anesthesia on Intracranial
Pressure Control in Pediatrics with
Craniosynostosis Surgery: A Randomized
Clinical Trial. International Journal of
Pediatrics. 2018.
38.
Haas T, Goobie S, Spielmann N,
Weiss M, Schmugge M. Improvements in
patient blood management for pediatric
craniosynostosis
surgery
using
a
ROTEM®‐assisted strategy–feasibility and
costs. Pediatric Anesthesia. 2014;24(7):77480.
39.
Ashraf Aly H, Ramadani HM.
Assessment of blood loss during cesarean
section under general anesthesia and epidural
analgesia using different methods. AJAIC.
2006;9(1).
40.
Jareonrattanadaechakul
N.
The
effectiveness of guide charts for visual
estimation of intraoperative blood loss for
anesthesia providers at Maharaj Nakorn
Chiang Mai Hospital. Thailand Journal of
Anesthesiology. 2017;41(1):27-39.
41.
Algadiem EA, Aleisa AA, Alsubaie
HI, Buhlaiqah NR, Algadeeb JB, Alsneini HA.
Blood loss estimation using gauze visual
analogue. Trauma monthly. 2016;21(2).
42.
Zuckerwise L, Raab C, Buhimschi C,
Pettker C, Lipkind H. 541: Estimating blood
loss: can an easily accessible visual aid
significantly improve visual estimation?
American
Journal
of
Obstetrics
&
Gynecology. 2013;208(1):S232-S3.
43.
Seruya M, Oh AK, Boyajian MJ,
Myseros JS, Yaun AL, Keating RF.
Unreliability of intraoperative estimated blood
loss in extended sagittal synostectomies.
Journal
of
Neurosurgery:
Pediatrics.
2011;8(5):443-9.
44.
Shastin D, Peacock S, Guruswamy V,
Kapetanstrataki M, Bonthron DT, Bellew M,
et al. A proposal for a new classification of
complications in craniosynostosis surgery.
Journal
of
Neurosurgery:
Pediatrics.
2017;19(6):675-83.

8213

