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ABSTRACT

Objectives: Premature suture fusion in non-syndromic craniosynostosis often requires
surgery to permit normal brain growth. To minimize blood transfusion requirements,
minimally invasive surgery (MIS) has been proposed. This study will pool the prevalence
of blood transfusion in non-syndromic craniosynostosis surgeries, comparing open
surgery (OS) with MISs. Methods: A systematic review and proportion meta-analysis
was conducted in accordance with Preferred Reporting Items for Systematic Reviews and
Meta-Analysis guidelines and registered in PROSPERO (CRD42024604632). PubMed,
Scilit, Scopus, and Web of Science were searched up to 7 March 2024. Pooled prevalence
was calculated using the Freeman-Tukey double arcsine transformation. Results: Nine
studies with a total of 619 patients met the inclusion criteria. The pooled prevalence of
blood transfusion was 52.0% (95% CI: 32.0-72.0) for OS and 10.0% (95% CI: 1.0-
20.0) for MIS. Within OS, cranial vault remodeling exhibited the highest transfusion
prevalence of 58.1% (95% CI: 37.5-78.7). Among those undergoing MIS, strip-assisted
surgery had a lower prevalence (3.9%; 95% CI: -0.5-8.2) compared to endoscopic strip
craniectomy (13.1%; 95% CI: -0.4-26.6). OS for metopic craniosynostosis yielded
a blood transfusion prevalence of 76.2% (95% CI: 62.9-89.5), the highest among
affected sutures. Sagittal craniosynostosis repairs showed a prevalence of 22.5% (95%
CI: 9.6-35.3) in OS, compared with 2.6% (95% CI: 1.7-11.9) in MIS. Conclusions:
The prevalence of blood transfusion in craniosynostosis repair is significantly lower in
MIS compared to OS, suggesting the relative safety of MIS in terms of transfusion risks.

raniosynostosis is a congenital cranial

deformity resulting from the premature

fusion of cranial sutures, producing

abnormal head shape and risking
complications such as increased intracranial pressure
and disturbance on respiratory and neurologic systems.'
The condition is usually non-syndromic, occurring
independently from other congenital anomalies.*
Common types include sagittal synostosis, coronal
synostosis, metopic synostosis, and lambdoid synostosis.®
The primary treatment for craniosynostosis is
surgical intervention, aimed at correcting the shape of

the skull and allowing for normal brain growth.* Open
surgery (OS) involves a large incision that provides
direct access and clear visualization of the target
organs and tissues.’ Principal OS techniques include
cranial vault remodeling (CVR), cranial distraction
osteogenesis (CDO), fronto-orbital advancement, and
strip craniectomy (SC).¢ However, the large incisions
increases the likelihood of blood transfusion, prolonged
hospital stay, and post-surgical complications.”

On the other hand, minimally invasive surgery (MIS),
especially endoscopic methods, requires significantly
smaller incisions.*** Its other benefits include minimum
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trauma to surrounding tissues, shorter procedure time,
and earlier recovery with fewer complications. In both
OS and MIS, if the blood loss exceeds 100 mL (or ~10%
of the patient’s blood volume), blood transfusion should
be administered intraoperatively."

Measuring the prevalence of blood transfusion
is crucial for perioperative planning including
blood bank logistics, patient safety, and resource

allocation.!"!?

Existing studies are mostly
single-center, with limited sample sizes.”*"5 To
derive robust estimates of blood transfusion rates
in craniosynostosis surgeries, we conducted this

multicenter proportion meta-analysis.'*""?

METHODS

The study employed a proportional meta-analysis
design, as per the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis protocol.” The
research question was, “What is the prevalence of blood
transfusion in OS and MOS for the management of
non-syndromic craniosynostosis?” The study was
officially recorded in PROSPERO (registration
number CRD42024604632, November 01, 2024).

On 7 March 2024, we queried PubMed, Scilit,
Scopus, and Web of Science databases using the
following search terms: “craniosynostosis” OR “non-
syndromic craniosynostosis” OR “cranial suture
synostosis” AND “open surgery” OR “cranial vault
remodeling” OR “strip craniectomy” OR “endoscopic
surgery” OR “minimally invasive surgery” AND
“blood transfusion” OR “transfusion requirement”
OR “perioperative blood loss” OR “intraoperative
transfusion”. We used the recommended search syntax
and rules specific to each database.”!

Inclusion criteria: Studies focusing on patients with
non-syndromic craniosynostosis undergoing OS or
MIS, including CVR, endoscopic SC (ESC), spring-
assisted surgery (SAS), SC, remodeling with helmet
therapy (RH), and posterior vault distraction (PiP).
Eligible studies were required to report the prevalence or
incidence of blood transfusion as an outcome measure.
Accepted study designs included cross-sectional, case-
control, and cohort studies that provided primary
patient data relevant to surgical outcomes.

Exclusion criteria included studies with
non-comparative or incomplete data, case
series without distinct outcome reporting,
review articles, commentaries, editorials, and
conference abstracts.

Following automatic duplicate removal using
EndNote 19, screening was carried out in two phases:
first by evaluating titles and abstracts, and then by
reviewing full texts. Two authors independently
conducted each stage, resolving disagreements
through consensus; if consensus could not be reached,
a third author was consulted for clarification. The
Newecastle-Ottawa Scale was employed for the critical
appraisal of observational studies, which suggests a
maximum score of 9 for cohort studies and 7 for cross-
sectional studies.”*

We extracted the following data from each study:
first author, year of publication, country, study
design, sample size (mean patient age in months, sex
distribution), suture type (sagittal, coronal, metopic,
lambdoid, or mixed), surgical technique, and blood
transfusion rates. Continuous variables were reported
as mean * SD, while other data were converted using
standard formulae.**** Data extraction was carried
out by one author and verified and confirmed by
another author.

Meta-analysis was performed using Rstudio version
2024.04.2 (Posit, PBC, Boston, MA, USA). The
analysis focused on both OS (such as CVR and SC) and
MIS (including spring-assisted and spring-endoscope
surgeries). The pooled proportion was estimated by
Freeman-Tukey double arcsine transformation (FT'T)
method. Back-transformation was performed based
on the inverse of the variance of the pooled Freeman-
Tukey double arcsine transformation proportion.
Prevalence was calculated by multiplying 100% with
the back-transformed value. Heterogeneity among the
studies was evaluated by /* statistic, with cut-off criteria
of 50% and p-Het < 0.1 indicating high heterogeneity.
Subgroup analysis compared surgical techniques (CVR,
SC,SAS, ESC).

RESULTS
A total of 1473 records were retrieved. After removing
904 duplicates, 569 records were screened. Full texts
for 102 articles were retrievable; these were scrutinized
based on the eligibility criteria. Six were duplicates, and
78 studies failed our eligibility criteria due to wrong
design (8), missing outcome data (64), ineligible study
designs (6), or did not exclude syndromic patients
(4).7-° Finally, nine studies were identified as eligible
to include in our systematic review and meta-analysis
[Table 1]. The flow-diagram of the screening and

selection process is presented as Figure 1.
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IDENTIFICATION OF LITERATURE VIA DATABASES
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Figure 1: Flow-diagram for the screening and
selection of the studies eligible for the estimation
of blood transfusion prevalence in craniosynostosis
repairs.

Table 1 summarizes the nine studies. Seven were
from the US, one from the UK, and one from India.
Together they had a total of 619 patients aged 3-19.9

years. The quality of eight studies was assessed as ‘good’

using Newcastle—Ottawa Scale. One study was assessed
‘moderate’ due to small sample size (n = 35).! Another
concern was found in Jivraj et al,*! because their control
group data was sourced from external medical records,
thus affecting comparability.*!

The pooled prevalence of blood transfusion for
OS or MIS are presented in Figure 2 (a and b). The
prevalence for the OS was 52.0% (95% CI : 32.0-72.0).
As for the MIS, the prevalence was 10.0% (95% CI:
1.0-20.0). Heterogeneities were high in both pooled
estimates with /% values of 92.1% (p < 0.001) and
97.5% (p < 0.001) for OS and MIS, respectively. Egger’s
correlation suggested publication bias (p < 0.001) in the
pooled analysis of blood transfusion prevalence among
patients undergoing OS, but negligible bais for MIS
P =
of the funnel plot data are presented in
Figure 2 (cand d).

Results from the pooled estimates based on the

0.955). The symmetry and asymmetry

surgical techniques and types of sutures are presented
in Table 2. The highest blood transfusion prevalence
was observed in CDO (100%), though it was only
reported in one study. The second highest prevalence
was observed in CVR (58.1%; 95% CI: 37.5-78.7),
while SC (10.5%; 95% CI: 1.4-19.5) occupied the last
position among the OS. The lowest prevalence among
MIS was found in SAS (3.9%; 95% CI: -0.5-8.2),
followed by ES with a prevalence of 13.1% (95% CI:
-0.4-26.6). Among OS, from the highest to the lowest
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Figure 2: (a) Pooled prevalence of blood transfusion among patients undergoing open and (b) minimally
invasive surgeries. (¢) The funnel plot for publication bias detected in the pooled analysis of the prevalence
analysis in open and (d) minimally invasive surgery groups.
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Table 2: Subgroup analysis for the pooled estimates of blood transfusion prevalence in craniosynostosis

repairs.

Variable No of Sample size, n Prevalence, P, % p-Het
Studies % (95% CI)

Open surgeries
Cranial vault remodeling 203 58.1 (37.5-78.7) 92.0 <0.001*
Strip craniectomy 147 10.5 (1.4-19.5) 92.1 <0.001*
Osteogenesis 1 17 100 (not applicable) Not applicable Not applicable
Minimally invasive surgeries
Spring-assisted 2 72 3.9 (-0.5-8.2) 67.6 0.079
Spring-endoscope 180 13.1 (-0.4-26.6) 93.1 0.057
Suture
Open surgeries
Coronal 3 115 69.2 (29.8-10.9) 97.7 <0.001*
Sagittal 3 61 22.5(9.6-35.3) 37.1 0.210
Metopic 2 35 76.2 (62.9-89.5) 77.1 0.037*
Unicoronal 2 138 2.6(0.2-4.9) 97.0 <0.001*
Minimally invasive
Sagittal 5 159 2.6(1.7-11.9) 48.2 0.103

Significant

prevalence was observed in metopic (76.2%; 95% CI:
62.9-89.5), coronal (69.2%; 95% CI: 29.8-10.87),
sagittal (22.5%; 95%CI: 9.6-35.3), and unicoronal
sutures (2.6%; 95% CI: 0.2-4.9). In the case of
MIS, we were only able to pool the data for sagittal

sutures, where the prevalence was found to be 2.6%
(95% CI: 1.7-11.9).

Figure 3 presents the forest plots for the pooled
prevalence of blood transfusion in various craniosynostosis
repair techniques. The prevalence varied according to the
surgical technique. Open CVR demonstrated the highest
prevalence at 58.1% (95% CI: 37.5-78.7), while SC,
spring-assisted surgery, and endoscopic-assisted surgery
had significantly lower rates (4-20%).

Mendonca et al, 2020 —— 0.26 [0.08, 0.44]
Isaac etal, 2018 — . 0.29[0.14, 0.45] Jivraj et al, 2019 L4 0.02[-0.01,0.04]
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Figure 3: Forest plots for the pooled prevalence of blood transfusion in various craniosynostosis repair
techniques such as (a) open cranial vault remodeling, (b) strip craniectomy, (c) spring-assisted surgery, and

(d) endoscope-assisted surgery.
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Among open techniques, CVR demonstrated
the highest transfusion prevalence, with pooled rates
approaching 58% (95% CI: 37-79) [Figure 3a]. SC
showed a lower transfusion prevalence of 20% (95%
CI:-9-49) [Figure 3b]. SAS had the lowest transfusion
prevalence at only 4% (95% CI: 0-8), suggesting
minimal transfusion requirements [Figure 3c].
Endoscopic-assisted surgery showed a slightly higher
pooled prevalence of 13% (95% CI: 0-27), but still
substantially lower than traditional open techniques

[Figure 3d].

DISCUSSION
Variables such as patient age, blood volume dynamics,
and surgical complexity influence transfusion risk
in craniosynostosis repair. Although infants < 24
months are reported to have lower infection rates
and shorter hospital stays, their limited physiological
reserve increases susceptibility to intraoperative
blood loss. Consequently, the overall need for blood
transfusion does not significantly differ across age
groups.?>~*
prolonged hospitalization due to the need for closer

However, younger patients may require

postoperative monitoring.”> Importantly, only a
minority of transfusion-free hospitalizations have been
documented after craniofacial reconstruction.”® The
timing of surgery also significantly influences blood loss
and transfusion rates. Optimal intervention within the
first year of life, particularly in syndromic cases, reduces
complications and supports neurodevelopmental
outcomes, whereas delayed intervention is associated
with higher perioperative risks.*® Though Blood loss
is generally proportional to duration of surgery,”
reported transfusion rates vary widely (20-100%).%
In severe cases, rapid hemorrhage may necessitate
massive transfusion.’®*

Transfusion management in craniosynostosis
requires a patient-specific strategy that considers
surgical technique, intraoperative hemodynamics,
and transfusion thresholds. OS often necessitate early
transfusion, whereas minimally invasive procedures
typically require less. Guidelines recommend
transfusion when hemoglobin falls < 8 g/dL in stable
patients or 10 g/dL in unstable patients, with special
considerations for infants with congenital conditions.*
Effective management must balance evidence-based
thresholds with patient physiology and intraoperative
judgment to minimize complications. Open procedures
usually involve extensive tissue manipulation and larger

incisions.””* This indicates that surgical approach
and suture involvement, rather than age alone, are key
determinants of transfusion needs. Our meta-analysis
demonstrated that MIS techniques substantially
reduce transfusion requirements, supporting their
prioritization in patients at higher risk of transfusion-
related complications or in settings with limited blood
supply.*® Furthermore, transfusion prevalence data can
inform perioperative planning and optimize resource
allocation. Of note, OS in the included studies were
performed mainly by neurosurgeons and craniofacial
plastic surgeons, whereas only neurosurgeons performed
MIS. Age distribution also differed, with OS typically
performed in older infants (~9-17 months) and MIS
in younger infants (~3-5 months).

While guidelines recommend transfusion initiation
< 10g/dL in stable pediatric patients, emerging evidence
suggests that restrictive transfusion strategies may even
reduce mortality in non-craniosynostosis surgeries.*®
Such findings underscore the importance of tailoring
transfusion practices to patient-specific and procedural
factors. Prioritizing procedures with lower transtusion
requirements also facilitate cost and resource savings.*
The choice of surgical technique, however, extends
beyond transfusion risk. A prior survey indicated that
selection often depends on skull maturation.** For
infants older than 12 months, more invasive approaches
suchas CVRand CDO have been preferred, as extensive
exposure allows more complete correction of cranial
deformities.” Neurodevelopmental implications also
warrant consideration in surgical planning.>**

Taken together, these findings support broader
implementation of MIS techniques where feasible,
especially in resource-limited hospitals or in patients at
high transfusion risk. Improved training opportunities
and allocation of resources for MIS are recommended.

The main limitation of this study is the high
heterogeneity across prevalence estimates. However,
this variability highlights the need for tailored
transfusion strategies in craniosynostosis repair.
Caution should be applied when generalizing these
findings, as institutional protocols and local resources
may strongly influence transfusion practices. Large-
scale, multicenter studies are needed in the future
to compare long-term outcomes of OS versus MIS,
not only regarding transfusion but also recurrence
rates, neurodevelopment, and patient quality of
life. Standardized study designs will be essential to
refine surgical guidelines and optimize perioperative
blood management.
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CONCLUSION

There are significant differences in blood transfusion

requirements between OS and MIS for craniosynostosis

repair. The pooled prevalence of blood transfusion is
notably higher in OS (52.0%) than in MIS (10.0%).

Procedures such as CVR and metopic suture repairs are

associated with particularly high transfusion rates. Our

findings suggest that MIS techniques may minimize

transfusion requirements, and improve patient safety

and outcome. Targeted blood management strategies

are recommended for high-risk OS cases.

Disclosure
The authors declare no conflicts of interest. No funding was
received for this study.

REFERENCES

1.

10.

11.

12.

13.

Blessing M, Gallagher ER. Epidemiology, genetics, and
pathophysiology o%craniosynostosis. Oral Maxillofac Surg
Clin North Am 2022 Aug;34(3):341-352.

Spazzapan P, Velnar T. Isolated sagittal craniosynostosis:
a comprehensive review. Diagnostics (Basel) 2024

Feb;14(4):435.

Ornoy A. Craniofacial malformations and their
association with brain development: the importance of
a multidisciplinary approach for treatment. Odontology
2020 Jan;108(1):1-15.

Xue AS, Buchanan EP, Hollier LH Jr. Update in
management of craniosynostosis. Plast Reconstr Surg2022
Jun;149(6):1209¢-1223e.

Villavisanis D, Blum JD, Cho DY, Barrero C, Swanson JW,
Nah H-D, et al. Suture fusion, cephalic index, and head
shape in non-syndromic sagittal craniosynostosis. Plast
Reconstr Surg Glob Open 2022;10:132-133.

Shruthi NM, Gulati S. Craniosynostosis. ] Pediatr Neurosci
2022 Sep;17(Suppl 1):S54-S60.

Melin AA, Moffitt J, Hopkins DC, Shah MN, Fletcher
SA, Sandberg DI, et al. Is less actually more? An evaluation
of surgical outcomes between endoscopic suturectomy
and open cranial vault remodeling for craniosynostosis. J

Craniofac Surg 2020 Jun;31(4):924-926.
Al-Shagsi SZ, Lam NW, Forrest CR, Phillips JH.

Endoscopic versus open total vault reconstruction
of sagittal craniosynostosis. ] Craniofac Surg 2021
May;32(3):915-919.

Albuz B, Coskun ME, Egemen E. Endoscopy-assisted
craniosynostosis surgery versus cranial vault remodeling

for non-syndromic craniosynostosis: experience of a single
center. Turk Neurosurg 2024;34(1):102-112.

Porto Junior S, Meira DA, da Cunha BL, Fontes J, Pustilnik
HN, da Silva da Paz MG, et al. Endoscopic surgery for
craniosynostosis: A systematic review and single—arm meta

analysis. Clin Neurol Neurosurg 2024 Jul;242:108296.

Hevia-Rodriguez P, Romero-Lopez C, Martin-Fernandez
J, Rivero-Garvia M, Marquez-Rivas J. Endoscopy-assisted
craniosynostosis surgery without postoperative helmet
molding therapy. World Neurosurg 2024 Mar;183:79-85.
Kurlander DE, Ascha M, Marshall DC, Wang D, Ascha
MS, Tripi PA, etal. Impact of multidisciplinary engagement
ina quaﬁ)ity improvement blood conservation protocol for
Zraziosynostosis.] Neurosurg Pediatr 2020 Jun;26(4):406-
14.
Suarez AD, Taicher B, Fuchs H, Marcus J, Vestal M, Homi
M, et al. Predictors of blood transfusion for endoscopic

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

assisted craniosynostosis surgery. ] Craniofac Surg 2022

Jul-Aug;33(5):1327-1330.

Badiece RK, Popowitz E, Mark IT, Alcon A, Hwang ],
Rorison E, et al. Superior long-term appearance of strip
craniectomy compared with cranial vault reconstruction in
metopic craniosynostosis. Plast Reconstr Surg Glob Open

2022 Feb;10(2):e4097.

Mendonca DA, Gopal S, Gujjalanavar R, Deraje V.
H.R. S, Ramamurthy V. Endoscopic versus open cranial
reconstruction surgery for anterior craniosynostosis:
experience from South-East Asia. FACE 2020;1:105-113.

Putra ML, Gusti N, Duta TF, Alina M, Qanita I, Naufal
MA, etal. Vitamin D supplementation improves foot ulcers
among diabetic patients: Pooled analysis of randomized
controlled trials. Narra X 2023;1(3): e104.

Refin RY, Andika FF, Abudurrahman MF, Maidar M,
Yufika A, Mulya IC, et al. Can smartphone-based diabetes
control apps improve cardiovascular risk among patients
with dia]l;etcs? A systematic review and meta-analysis.

Narra X 2024;2:e123.

Wikurendra EA, Aulia A, Fauzi ML, Fahmi I, Amri L.
Willingness-to-pay for urban green space: A meta-analysis
of surveys across China. Narra X 2023 Dec;1(3).

Sandeep M, Padhi BK, Yella SS, Sruthi KG, Venkatesan
RG, Krishna Sasanka KB, et al. Myocarditis manifestations
in dengue cases: A systematic review and meta-analysis. J

Infect Public Health 2023 Nov;16(11):1761-1768.

Page M], McKenzie JE, Bossuyt PM, Boutron I, Hoffmann
TC, Mulrow CD, et al. The PRISMA 2020 statement: an
updated guideline for reporting systematic reviews. BMJ
2021 Mar;372(71):n71.

Putra MI, Amirsyah M, Budiman B, Amirah S, Al-Gunaid
ST, Ighrammullah M. Comparison of surgical techniques in
managing craniosynostosis: systematic review and baycsian
network meta-analysis. Surgeries (Basel) 2024;5:970-985.

Iqhrammullah M, Gusti N, Andika FF, Abdullah
A. Association of serum vitamin D and the risk of
cardiovascular disecases among diabetic patients: A
systematic review and meta-analysis. Clin Nutr ESPEN
2024 Aug;62:66-75.

Ighrammullah M, Duta TF, Alina M, Qanita I, Naufal
MA, Henira N, et al. Role of lowered level of serum vitamin
D on diabetic foot ulcer and its possible pathomechanism:
A systematic review, meta—anall;sis, and meta-regression.

Diabetes Epidemiol Manag 2024;13:100175.

ShiJ, Luo D, Wan X, Liu Y, Liu J, Bian Z, et al. Detecting
the skewness of data from the five-number summary and its
application in meta-analysis. Stat Methods Med Res 2023
Jul:32(7):1338-1360.

Luo D, Wan X, Liu J, Tong T. Optimally estimating the
sample mean from the sample size, mccf’ian, mid-range,
and/or mid-quartile range. Stat Methods Med Res 2018
Jun;27(6):1785-1805.

ShiJ, Luo D, Weng H, Zeng XT, Lin L, Chu H, et al.
Optimally estimating the sample standard deviation from
the five-number summary. Res Synth Methods 2020
Sep;11(5):641-654.

Park H, Choi JW, Ra YS. One-piece fronto-orbital
distraction osteogenesis without gandeau in patients
with coronal craniosynostosis: A five-year follow-
up retrospective study of 45 consecutive patients. J

Craniomaxillofac Surg 2022 Dec;50(12):884-893.
Massenburg BB, Nassar AH, Hopper RA. National

database reported outcomes following craniosynostosis
reconstruction. J Craniofac Surg 2020;31(1):154-157.

Hoppe IC, Taylor JA. A cohort study of strabismus rates
following correction of the unicoronal craniosynostosis
deformity: Conventional bilateral fronto-orbital
advancement versus fronto-orbital distraction osteogenesis.

J Craniofac Surg 2021 Oct;32(7):2362-2365.

Kanack MD, Proctor MR, Meara JG, Balkin DM,
Rodean J, Stringfellow IC, et al. Hospital variation and
resource use for infants with craniosynostosis undergoing

LHEIA A A

Oman Medical Specialty Board .



MIRNASARI AMIRSYAH, ET AL.

3L

32.

33.

34.

open, endoscopic, and distraction osteogenesis surgical
techniques. Cleft Palate Craniofac ] 2025 May;62(5):845-
852.

Jivraj BA, Ahmed N, Karia K, Menon R, Robertson E,
Sodha A, et al. A 24-month cost and outcome analysis
comparing traditional fronto-orbital advancment and
remodeling with endoscopic strip craniectomy and molding
helmet in the management of unicoronal craniosynostosis:
A retrospective bi-institutional review. JPRAS Open 2019
Feb;20:35-42.

Puthumana JS, Lopez CD, Lake IV, Yang R. Evaluation
of complications and outcomes in craniosynostosis by
age of operation: Analysis of the national surgical quality
improvement program-pediatric. ] Craniofac Surg 2023
Jan-Feb;34(1):29-33.

Beethe AB, Spitznagel RA, Kugler JA, Goeller JK, Franzen
MH, Hamlin R]J, et al. The road to transfusion-free
craniosynostosis repair in children less than 24 months old:
A quality improvement initiative. Pediatr Qual Saf 2020
Jul;5(4):e331.

Puente-Espel ], Rios-Lara y Lopez RL, Moreno-
Alvarez MC, Morel-Fuentes EJ. Craniosynostosis: A
multidisciplinary approach based on medical, social and
demograpfxic factors in a developing country. Rev Med

35.

36.

37.

38.

39.

40.

Hosp Gen (Mex) 2016;79:230-239.

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. Pacdiatr Anaesth 2011 Dec;21(12):1192-1197.

Bruce MR, Frasco PE, Sell-Dottin KA, Cuevas CV, Chang
Y-H, Lim ES, et al. Days alive and out of the hospital after
heart transplantation: A retrospective cohort study. J
Cardiothorac Vasc Anesth 2024 Jan;38(1):93-100.

Ali Z, Hassan N, Syed S. Blood transfusion practices in
neuroanaesthesia. Indian J Anaesth 2014 Sep;58(5):622-
628.

Kumba C. Hemoglobin levels and postoperative outcome
in pediatric surgical patients. SOJ Pedia Clin Neonato
2021;1(3):1-8.

Park S-Y, Seo K-S, Karm M-H. Perioperative red blood cell
transfusion in orofacial surgery. ] Dent Anesth Pain Med
2017 Sep;17(3):163-181.

Carson JL, Stanworth SJ, Guyatt G, Valentine S, Dennis J,
Bakhtary S, et al. Red blood cell transfusion: 2023 AABB
international guidelines. JAMA 2023 Nov;330(19):1892-
1902.

OMAN MED J, VOL 41, NO 1, JANUARY 2026



