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Background: The rising rates of caesarean section (CS) globally have been associated with an increase in maternal complications,
including the need for blood transfusions. Maternal anaemia, uterine atony, and placenta-related disorders contribute significantly to
haemorrhagic complications during CS. This study aimed to evaluate the factors associated with blood transfusions in pregnant women
undergoing CS at Siriraj Hospital over a 20-year period.

Methods: This large, retrospective study enrolled 1277 pregnant women who underwent CS and received blood transfusions at Siriraj
Hospital between January 1999 and December 2019. Demographic data, baseline haematocrit, underlying diseases, indications for CS,
and relevant neonatal details were retrieved from medical records. Statistical analyses were performed to identify factors associated
with increased transfusion rates, with a focus on maternal anaemia, uterine atony, placenta previa, and placenta accreta spectrum.
Results: Over the 20-year period, the rate of CS increased from 1.9% in 2002 to 48.5% in 2017. Concurrently, the need for blood
transfusions also rose, with the highest transfusion rate recorded at 3.2% in 2019. The most common indications for transfusion were
uterine atony (22.6%), placenta previa, and anaemia. Women with placenta accreta spectrum had a 6-fold higher likelihood of
transfusion (aOR 6.530, 95% CI 4.056-10.510; P < 0.001), and those with uterine atony were 3.5 times (aOR 3.612, 95% CI
2.599-5.019; P < 0.001) more likely to require transfusions. Anaemic mothers also demonstrated a significantly higher risk for
transfusion.

Conclusion: Blood transfusion risk in CS is strongly linked to placenta accreta spectrum, uterine atony, and maternal anaemia. Early
identification of high-risk pregnancies and optimization of antenatal care are essential for reducing transfusion needs and improving
maternal outcomes.

Clinical Trial Registration: Clinical trial number: TCTR20200505001 (Registered on 5 May 2020).

Plain Language Summary: Over a 20-year period, 1277 women who required blood transfusions during caesarean sections at
Siriraj Hospital were studied to identify conditions that increased transfusion risk. Placenta accreta, heavy bleeding from uterine atony,
and maternal anaemia were the strongest predictors of needing transfusions. Recognizing these risks early allows healthcare teams to
plan safer deliveries, provide better pregnancy care, and reduce the need for transfusions.
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Introduction

Caesarean section, a common surgical procedure, carries a low but notable risk of blood transfusion. A large prospective
study found that 3.2% of women undergoing primary caesarean deliveries and 2.2% of those with repeat caesareans
required transfusions, with transfusion needs ranging from 2 to 4 units." Key risk factors for transfusion include general

anesthesia, placenta previa, and severe preoperative anaemia, particularly in women with multiple prior caesareans.’

International Journal of Women’s Health 2025:17 3511-3526 3511
Received: 11 July 2025 © 2025 Chawanpaiboon et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.
AT com/terms.php and incorporate the Creative Commons Attribution — Non Commercial (unported, v4.0) License (http:/creativecommons.org/licenses/by-nc/4.0/). By

Accepted: 1 October 2025
Published: 7 October 2025

accessing the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly
attributed. For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-3207-6187
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/4.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Chawanpaiboon et al

These findings underscore the importance of optimizing maternal health, such as managing anaemia and implementing
careful perioperative planning for high-risk cases. Massive blood loss remains a leading cause of maternal mortality,
contributing to approximately 10% of maternal deaths worldwide.” > Although global maternal mortality has decreased
by 38%, postpartum hemorrhage continues to be a major cause of death.® Proper timing and appropriate use of blood
transfusions are crucial for managing women at risk of hemorrhage, particularly those at risk of blood loss exceeding
1000 mL, who should deliver in facilities equipped with intensive care units and blood components.”

Pregnant women with underlying diseases or complications are at an increased risk of bleeding during delivery or the
post-partum period, potentially leading to shock and necessitating blood transfusions. The reported rates of blood
transfusion during pregnancy and post-partum vary from 0.16% to 2%—6%, with particularly high rates among those
with abnormal deliveries.®®” Jadwin et al analyzed 6696 transfusion events across 15 hospitals and found that more than
half of blood component transfusions were unnecessary, leading to longer hospital stays and increased costs due to
reliance on laboratory criteria and suboptimal blood management practices.'® Moreover, blood transfusion, though life-
saving, carries risks such as infections, red blood cell allo-immunization, exposure to incorrect blood components, and
increased costs."'

Although advancements in medical management have contributed to an overall decline in transfusion rates, obstetric
transfusions remain a significant concern, particularly in the context of rising caesarean section rates worldwide. Intra-
operative and post-partum hemorrhage during caesarean delivery continues to be a major contributor to maternal
morbidity and mortality, accounting for approximately 10% of maternal deaths globally.! Post-partum hemorrhage
remains the leading cause of maternal mortality despite global efforts to reduce maternal death rates.? Therefore, proper
timing and indication of blood transfusions, particularly in cases of severe anaemia and massive blood loss, are crucial.’

The primary objective of this study is to analyze blood transfusion patterns and risk factors during caesarean sections
over a 20-year period, aiming to identify key determinants of transfusion and outcomes. The secondary objectives are to
examine the relationship between the amount of blood loss and associated risk factors, and to evaluate the use of different
blood components (fresh frozen plasma, platelets, cryoprecipitate) and their related risk factors.

Materials and Methods
This was a large, retrospective, descriptive study. Before this research began, the Ethics Committee of the Faculty of
Medicine Siriraj Hospital approved its protocol (approval number Si 235/2020). The work was also registered at the Thai
Clinical Trials Registry (TCTR20200505001). The requirement for informed consent was waived by the Siriraj
Institutional Review Board due to the retrospective nature of the study, which involved anonymized data extraction
from medical records with no direct contact with patients.

A retrospective chart review was conducted of pregnant women who underwent a caesarean section and received
a blood transfusion at Siriraj Hospital between 1999 and 2019. Details of the following were recorded: demographic data,
maternal haemoglobin and haematocrit, number of antenatal care visits, type of caesarean section, indications for
caesarean section, gestational age at caesarean section, time of delivery (regular working hours and after hours), total
time of caesarean section, maternal medical complications, maternal complications arising from caesarean section,
neonatal birth weight, APGAR scores, and neonatal complications.

Statistical Analysis

Statistical analyses were conducted with PASW Statistics for Windows, version 18.0 (SPSS Inc., Chicago, IL, USA).
Descriptive statistics included frequencies, percentages, means with standard deviations, and medians with ranges.
Categorical data were analyzed using chi-squared or Fisher’s exact tests, while quantitative variables were analyzed
with the Mann—Whitney U-test and multiple logistic regression for univariate and multivariate analyses, respectively.

Results
Over the 20-year study period, the lowest birth rate was in 2001 (4780 cases/year), and the highest rate was in 2012
(9748 cases/year). The lowest caesarean section rate of 1.9% was in 2002, with the highest rate of 48% occurring in
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2017. The blood transfusion rate in women undergoing caesarean section peaked at 3.2% in 2019. No blood transfusions

were found between 1999 and 2001 (Figure 1).

The most common risk factors for the 1274 transfused women were maternal anaemia (523 cases; 41%), placenta
previa (384 cases; 30.1%) and uterine atony (370 cases; 29.0%; Table 1). The most frequently used anaesthetic method
was spinal block (607 cases; 47.6%), and most operations lasted between 45 and 60 minutes (291 cases; 22.8%; Table 1).

Table | Risk Factors and Quantity, Types and Blood Components of Blood Transfusion (n = 1274)

Risk Factors

Number of Cases

Maternal anaemia (Hct < 33%)

523 (41%)

Uterine atony

370 (29.0%)

Abnormal placentation

535 (42.0%)

Placenta accreta spectrum

Placenta accreta 32 (2.5%)
Placenta increta 44 (3.5%)
Placenta percreta 22 (1.7%)

Placenta previa

384 (30.1%)

Placental abruption

45 (3.5%)

Uterine rupture

8 (0.6%)

(Continued)
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Table | (Continued).

Risk Factors

Number of Cases

Adjacent organ injury 218 (17.1%)
Tear lower uterine segment 117 (9.2%)
Tear bladder 41 (3.2%)
Tear uterine artery 31 (2.4%)
Other injuries 29 (2.3%)

Hypertensive disorders in pregnancy
No

1055 (82.8%)

Gestational hypertension 33 (2.6%)
Pre-eclampsia without severe feature 40 (3.1%)
Pre-eclampsia with severe feature 117 (9.2%)
Eclampsia 8 (0.6%)
Superimpose pre-eclampsia with severe feature 21 (1.6%)
HELLP 44 (3.5%)
Thrombocytopenia 28 (2.2%)
Coagulopathy 50 (3.9%)

Gestational diabetes mellitus (GDM)
No
GDM Al
GDM A2

1156 (90.7%)
102 (8.0%)
16 (1.3%)

Time of caesarean section
Official time (9.00 A.M.—16.00 PM.)
Out of official time (16.00 PM.-9.00 A.M.)

627 (49.2%)
647 (50.8%)

Anaesthetic methods

General anaesthesia

501 (39.3%)

Spinal block 607 (47.6%)
Spinal block with general anaesthesia 123 (9.7%)
Other 43 (3.4%)
Total operative time (minutes)
<30 18 (1.4%)
30—< 45 213 (16.7%)
45-< 60 291 (22.8%)
60—<75 191 (15.0%)
75-<90 126 (9.9%)
90-< 105 87 (6.8%)
105-< 120 69 (5.4%)
120-< 150 86 (6.8%)
150-< 180 65 (5.1%)
= 180 127 (10.0%)

Blood Loss, and Type of Blood and Blood Component Transfusions

Number of Cases

Median (range), mean £ SD

Estimated blood loss (EBL) (mL)
< 500
500-999
10001499

1200 (100-23,500)
210 (16.5%)
288 (22.6%)
256 (20.1%)

(Continued)
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Table | (Continued).

Blood Loss, and Type of Blood and Blood Component Transfusions | Number of Cases

Median (range), mean £ SD

1500-1999 164 (12.9%)
2000-2499 120 (9.4%)
25004999 185 (14.5%)
5000-9999 45 (3.5%)
= 10,000 6 (0.5%)
Packed red blood cells (units) 1163 (91.3%)
2 (1-34),28 £ 3.1
Whole blood (units) 199 (15.6%)

2(1-10),23 % 1.8

Fresh-frozen plasma (units) 267 (21.0%)

4(1-39), 48 £ 3.9

Platelets (units) 196 (15.4%)

6 (1-60), 11.1 £ 11.0

Cryoprecipitate (units) 92 (7.2%)

10 (1-46), 10.8 + 8.2

The highest volumes of blood loss were in the range of 500 to 999 mL (288 cases; 22.6%). The most common blood type
used was packed red cells (1163 cases; 91.3%; Table 1).

The factors associated with maternal anaemia included maternal age under 20 years (adjusted odds ratio [aOR] 8.42;
95% CI 3.64-19.44) and age 20-29 years (aOR 3.19, 95% CI 1.97-5.18); P < 0.001. Pre-eclampsia with severe features
was also a significant factor (aOR 2.69, 95% CI 1.60—4.52), as well as hypertension with superimposed pre-eclampsia
(aOR 3.08, 95% CI 1.00-9.51; P = 0.002) (Table 2).

Table 2 Factors Associated with Maternal Anaemia (Multivariable Analysis: Multiple Logistic Regression)

Factors Unadjusted Odds P value Adjusted Odds P value
Ratio (95% CI) Ratio (95% CI)
Age < 0.001 < 0.001
<20 (n=43) 8.92 (4.46-17.83) 8.42 (3.64-19.44)
20-29 (n = 397) 3.88 (2.57-5.86) 3.19 (1.97-5.18)
30-35 (n = 440) 1.68 (1.09-2.61) 1.54 (0.94-2.54)
> 35 (n=394) 1.00 1.00
Parity 0.032 0.369
0 1.40 (0.95-2.08) 0.80 (0.48-1.33)
| 0.92 (0.60-1.42) 0.68 (0.40-1.17)
> | 1.00 1.00
Haemoglobinopathy < 0.001 < 0.001
No 1.00 1.00
Hb H disease 10.51 (3.14-35.19) 12.46 (3.25-47.74)
Beta thal-trait 3.50 (1.32-9.28) 5.41 (1.90-15.44)
Hb E trait 1.48 (0.93-2.37) 1.66 (1.01-2.73)
Alpha thal-trait 1.84 (0.95-3.59) 2.44 (1.19-4.97)
Others 10.59 (7.05-15.91) 13.85 (8.71-22.02)
(Continued)
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Table 2 (Continued).

Factors Unadjusted Odds P value Adjusted Odds P value
Ratio (95% CI) Ratio (95% CI)
Anti-HIV 4.81 (1.98-11.69) 0.001 2.95 (0.99-8.86) 0.053
Number of antenatal care visits < 0.001 0.045
No 3.35 (1.81-6.18) 1.37 (0.19-10.08)
1—4 1.83 (1.15-2.91) 2.00 (1.13-3.54)
25 1.00 1.00
Hypertension (HT) 0.001 0.002
No 1.00 1.00
Gestational HT 1.16 (0.47-2.85) 1.06 (0.37-3.02)
Pre-eclampsia without severe features 1.10 (0.48-2.54) 1.64 (0.63-4.27)
Pre-eclampsia with severe features 2.50 (1.65-3.81) 2.69 (1.60—4.52)
Superimposed pre-eclampsia 1.63 (0.59-4.50) 3.08 (1.00-9.51)
Gestational diabetes (GDM) 0.001 0.047
No 1.00 1.00
GDM Al 0.17 (0.06-0.47) 0.25 (0.07-0.83)
GDM A2 0.28 (0.04-2.15) 0.32 (0.04-2.75)

Blood loss of >1000 mL was significantly associated with several factors: maternal age >35 years (aOR 1.952, 95%
CI 1.419-2.685; P < 0.001), placenta accreta spectrum (aOR 0.076, 95% CI 0.043-0.134; P < 0.001), placenta previa
(aOR 2.226, 95% CI 1.577-3.142; P < 0.001), and adjacent organ injuries (aOR 4.034, 95% CI 2.062—7.890; P < 0.001)
(Table 3). Blood loss volumes starting from 1000 mL and progressing through 1500 mL, 2000 mL, and 2500 mL were
consistently associated with these risk factors, as detailed in Table 3.

PRC transfusion of >5 units was significantly associated with the following factors: maternal age >35 years (aOR
1.417, 95% CI 1.001-2.005; P = 0.049), placenta accreta spectrum (aOR 5.987, 95% CI 3.585-10.000; P < 0.001),

Table 3 Factors Associated with Varying Volumes of Blood Loss: a Univariable and Multivariable Logistic Regression Analysis

Factors No (n=498) Yes (n=776) | Univariable Analysis Multivariable Analysis
Crude Odds p-value | Adjusted Odds p-value
Ratio (95% CI) Ratio (95% CI)
Blood loss 21000 milliliters
Age: 2 35 years 120 (24.1%) 350 (45.1%) 2.588 (2.017, 3.321) | <0.001 1.952 (1.419, 2.685) | <0.001
Body mass index (kg/m?) (n=937) -
20 - 249 136 (41.7%) 318 (52%) 1.000 -
<20 129 (39.6%) 127 (20.8%) 0.421 (0.307, 0.578) | <0.001
225 6l (18.7%) 166 (27.2%) 1.164 (0.816, 1.661) | 0.403
Total weight gain 2 10 kg (n=920) | 211 (65.3%) 423 (70.9%) 1.290 (0.966, 1.723) | 0.084 - -
Parity = 2 76 (15.3%) 172 (22.2%) 1.581 (1.175, 2.128) | 0.002 1.416 (0.946, 2.121) | 0.091
Preterm delivery 249 (50.3%) 312 (40.4%) 0.670 (0.534, 0.841) | <0.001 0.691 (0.508, 0.940) | 0.019
Gestational diabetes mellitus 26 (5.2%) 92 (11.9%) 2.442 (1.556, 3.833) | <0.001 1.340 (0.794, 2.261) | 0.273
Hypertension 31 (6.2%) 26 (3.4%) 0.522 (0.306, 0.891) | 0.015 0.497 (0.249, 0.991) | 0.047
(Continued)
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Table 3 (Continued).

Factors No (n=498) Yes (n=776) | Univariable Analysis Multivariable Analysis
Crude Odds p-value | Adjusted Odds p-value
Ratio (95% CI) Ratio (95% CI)
Hemoglobinopathy 197 (42.1%) 228 (30.1%) 0.593 (0.466, 0.754) | <0.001 0.980 (0.710, 1.353) | 0.901
Maternal anaemia 208 (41.8%) 18 (2.3%) 0.033 (0.020, 0.055) | <0.001 0.076 (0.043, 0.134) | <0.001
Placenta accreta spectrum 4 (0.8%) 93 (12%) 16.82 (6.140, 46.06) | <0.001 11.51 (3.879, 34.13) | <0.001
Placenta previa 87 (17.5%) 297 (38.3%) 2.929 (2.230, 3.848) | <0.001 2226 (1.577, 3.142) | <0.001
Placental abruption 20 (4%) 25 (3.2%) 0.796 (0.437, 1.448) | 0.454 - -
Uterine atony 48 (9.6%) 322 (41.5%) 6.649 (4.780, 9.250) | <0.001 5.583 (3.828, 8.144) | <0.001
Uterine rupture | (0.2%) 7 (0.9%) 4.524 (0.555, 36.88) | 0.159 - -
Adjacent organs injuries 12 (2.4%) 105 (13.5%) 6.338 (3.449, 11.65) | <0.001 4.034 (2.062, 7.890) | <0.001
Factors No (n=754) Yes (n=520) | Univariable Analysis Multivariable Analysis
Crude Odds p-value | Adjusted Odds p-value
Ratio (95% CI) Ratio (95% CI)
Blood loss >1500 milliliters
Age: 2 35 years 222 (29.4%) 248 (47.7%) 2.185 (1.731, 2.757) | <0.001 1.620 (1.225, 2.142) | <0.001
Body mass index (kg/m?) (n=937) - -
20-24.9 236 (44.8%) 218 (53.2%) 1.000
<20 174 (33%) 82 (20%) 0.510 (0.370, 0.703) | <0.001
225 117 (22.2%) 110 (26.8%) 1.018 (0.740, 1.400) | 0.914
Total weight gain = 10 kg (n=920) | 352 (68.1%) 282 (70%) 1.092 (0.824, 1.448) | 0.539 - -
Parity = 2 128 (17%) 120 (23.1%) 1.467 (1.110, 1.939) | 0.007 1.128 (0.796, 1.598) | 0.498
Preterm delivery 358 (47.8%) 203 (39.2%) 0.704 (0.561, 0.883) | 0.002 0.659 (0.492, 0.881) | 0.005
Gestational diabetes mellitus 54 (7.2%) 64 (12.3%) 1.819 (1.243, 2.663) | 0.002 1.233 (0.798, 1.904) | 0.345
Hypertension 42 (5.6%) 15 (2.9%) 0.504 (0.276, 0.918) | 0.023 0.608 (0.305, 1.215) | 0.159
Hemoglobinopathy 282 (39.5%) 143 (28%) 0.595 (0.466, 0.760) | <0.001 0.815 (0.607, 1.094) | 0.173
Maternal anaemia 218 (28.9%) 8 (1.5%) 0.038 (0.019, 0.079) | <0.001 0.102 (0.047, 0.219) | <0.001
Placenta accreta spectrum 13 (1.7%) 84 (16.2%) 10.98 (6.051, 19.93) | <0.001 8919 (4.665, 17.05) | <0.001
Placenta previa 166 (22%) 218 (41.9%) 2.557 (2.001, 3.267) | <0.001 2.204 (1.606, 3.024) | <0.00I
Placental abruption 31 (4.1%) 14 (2.7%) 0.645 (0.340, 1.225) | 0.177 - -
Uterine atony 138 (18.3%) 232 (44.6%) 3.596 (2.792, 4.631) | <0.001 3.629 (2.693, 4.891) | <0.001
Uterine rupture 2 (0.3%) 6 (1.2%) 4.389 (0.882, 21.83) | 0.069 8517 (1.533,47.32) | 0.014
Adjacent organs injuries 40 (5.3%) 77 (14.8%) 3.103 (2.080, 4.628) | <0.00I 2.194 (1.387, 3.470) | <0.001
(Continued)
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Table 3 (Continued).

Factors No (n=918) Yes (n=356) | Univariable Analysis Multivariable Analysis
Crude Odds p-value | Adjusted Odds p-value
Ratio (95% CI) Ratio (95% CI)
Blood loss 22000 milliliters
Age: 2 35 years 292 (31.8%) 178 (50%) 2.144 (1.670, 2.752) | <0.001 1.561 (1.156,2.109) | 0.004
Body mass index (kg/m?) (n=937) - -
20-24.9 308 (47%) 146 (52%) 1.000
<20 199 (30.3%) 57 (20.2%) 0.604 (0.424, 0.861) | 0.005
225 149 (22.7%) 78 (27.8%) 1.104 (0.788, 1.547) | 0.564
Total weight gain = 10 kg (n=920) | 434 (67.4%) 200 (72.5%) 1.273 (0.933, 1.738) | 0.128 - -
Parity = 2 155 (16.9%) 93 (26.1%) 1.741 (1.299, 2.333) | <0.001 1.307 (0.907, 1.883) | 0.151
Preterm delivery 425 (46.6%) 136 (38.3%) 0.712 (0.554, 0.914) | 0.008 0.581 (0.419, 0.805) | 0.001
Gestational diabetes mellitus 76 (8.3%) 42 (11.8%) 1.482 (0.995, 2.207) | 0.052 1.032 (0.649, 1.640) | 0.895
Hypertension 47 (5.1%) 10 (2.8%) 0.536 (0.268, 1.072) | 0.073 0.764 (0.350, 1.660) | 0.499
Hemoglobinopathy 330 (37.8%) 95 (27.1%) 0.612 (0.466, 0.803) | <0.001 0.821 (0.595, 1.134) | 0.232
Maternal anaemia 221 (24.1%) 5 (1.4%) 0.045 (0.018, 0.110) | <0.001 0.122 (0.046, 0.325) | <0.001
Placenta accreta spectrum 15 (1.6%) 82 (23%) 18.02 (10.22, 31.75) | <0.001 17.20 (9.232, 32.03) | <0.001
Placenta previa 222 (24.2%) 162 (45.5%) 2.618 (2.024, 3.387) | <0.001 2.191 (1.553, 3.091) | <0.001
Placenta abruption 37 (4%) 8 (2.2%) 0.547 (0.252, 1.187) | 0.122 - -
Uterine atony 208 (22.7%) 162 (45.5%) 2.850 (2.199, 3.695) | <0.001 3.462 (2,519, 4.759) | <0.001
Uterine rupture 2 (0.2%) 6 (1.7%) 7.851 (1.577, 39.09) | 0.008 19.64 (3.479, 110.8) | <0.001
Adjacent organs injuries 60 (6.5%) 57 (16%) 2.726 (1.854, 4.009) | <0.001 2.013 (1.274, 3.182) | 0.003
Factors No (n=1038) | Yes (n=236) | Univariable Analysis Multivariable Analysis
Crude Odds p-value | Adjusted Odds p-value
Ratio (95% CI) Ratio (95% CI)
Blood loss >2500 milliliters
Age: 2 35 years 354 (34.1%) 116 (49.2%) 1.868 (1.404, 2.485) | <0.001 1.300 (0.929, 1.819) | 0.126
Body mass index (kg/m?) (n=937) - -
20-24.9 355 (47.3%) 99 (53.2%) 1.000
<20 217 (28.9%) 39 (21%) 0.644 (0.429, 0.968) | 0.034
=225 179 (23.8%) 48 (25.8%) 0.962 (0.652, 1.418) | 0.843
Total weight gain 2 10 kg (n=920) | 502 (68.2%) 132 (71.7%) 1.183 (0.828, 1.690) | 0.354 - -
Parity = 2 178 (17.1%) 70 (29.7%) 2.037 (1.476, 2.813) | <0.001 1.519 (1.027, 2.246) | 0.036
Preterm delivery 460 (44.6%) 101 (43%) 0.937 (0.704, 1.248) | 0.657 - -
Gestational diabetes mellitus 89 (8.6%) 29 (12.3%) 1.494 (0.957, 2.332) | 0.076 1.152 (0.688, 1.930) | 0.591
Hypertension 51 (4.9%) 6 (2.5%) 0.505 (0.214, 1.191) | 0.112 - -
Hemoglobinopathy 364 (36.7%) 61 (26.2%) 0.612 (0.445, 0.842) | 0.002 0.856 (0.594, 1.234) | 0.404
(Continued)
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Table 3 (Continued).

Factors No (n=1038) | Yes (n=236) | Univariable Analysis Multivariable Analysis
Crude Odds p-value | Adjusted Odds p-value
Ratio (95% CI) Ratio (95% CI)
Maternal anaemia 222 (21.4%) 4 (1.7%) 0.063 (0.023, 0.172) | <0.001 0.191 (0.064, 0.568) | 0.003
Placenta accreta spectrum 30 (2.9%) 67 (28.4%) 13.32 (8.406, 21.11) | <0.001 12.43 (7.368, 20.97) | <0.001
Placenta previa 272 (26.2%) 112 (47.5%) 2.544 (1.902, 3.401) | <0.001 1.972 (1.349, 2.882) | <0.001
Placenta abruption 39 (3.8%) 6 (2.5%) 0.668 (0.280, 1.597) | 0.361 - -
Uterine atony 259 (25%) 111 (47%) 2.671 (1.995, 3.576) | <0.001 4.091 (2.835, 5.905) | <0.001
Uterine rupture 2 (0.2%) 6 (2.5%) 13.51 (2.710, 67.38) | <0.001 28.15 (5.014, 158.1) | <0.001
Adjacent organs injuries 76 (7.3%) 41 (17.4%) 2.661 (1.767, 4.009) | <0.001 2.123 (1.304, 3.456) | 0.002

uterine atony (aOR 3.404, 95% CI 2.297-5.043; P < 0.001), and adjacent organ injuries (aOR 1.794, 95% CI
1.072-3.002; P = 0.026) (Table 4).

Factors associated with fresh frozen plasma transfusion include maternal anaemia (aOR 0.369, 95% CI 0.189-0.719;
P =0.003), placenta accreta spectrum (aOR 6.530, 95% CI 4.056-10.510; P < 0.001), uterine atony (aOR 3.612, 95% CI

Table 4 Factors Associated with Transfusion of 5 or More Units of Packed Red Blood Cells: a Univariable and Multivariable Logistic

Regression Analysis

Factors No (n=1097) Yes (n=177) Univariable Analysis Multivariable Analysis
Crude Odds p-value Adjusted Odds p-value
Ratio (95% CI) Ratio (95% CI)

Age: 2 35 years 384 (35%) 86 (48.6%) 1.755 (1.274, 2.416) <0.001 1.417 (1.001, 2.005) 0.049
Body mass index (kg/m?) (n=937) - _

20-24.9 394 (48.7%) 60 (46.9%) 1.000

<20 220 (27.2%) 36 (28.1%) 1.075 (0.689, 1.677) 0.751

=225 195 (24.1%) 32 (25%) 1.078 (0.679, 1.711) 0.751
Total weight gain = 10 kg (n=920) 551 (69.1%) 83 (67.5%) 0.926 (0.617, 1.390) 0.712
Parity = 2 199 (18.1%) 49 (27.7%) 1.727 (1.201, 2.484) 0.003 1.341 (0.901, 1.997) 0.149
Preterm delivery 465 (42.7%) 96 (54.2%) 1.593 (1.158, 2.192) 0.004 1.769 (1.233, 2.537) 0.002
Gestational diabetes mellitus 98 (8.9%) 20 (11.3%) 1.299 (0.780, 2.161) 0.314 - -
Hypertension 50 (4.6%) 7 (4%) 0.862 (0.385, 1.933) 0.719 - -
Hemoglobinopathy 374 (35.6%) 51 (29.5%) 0.758 (0.534, 1.076) 0.120 - -
Maternal anaemia 210 (19.1%) 16 (9%) 0.420 (0.246, 0.717) 0.001 0.982 (0.531, 1.816) 0.955
Placenta accreta spectrum 54 (4.9%) 43 (24.3%) 6.198 (3.995, 9.615) <0.001 5.987 (3.585, 10.00) <0.001
Placenta previa 311 (28.4%) 73 (41.2%) 1.774 (1.279, 2.460) <0.001 1.282 (0.848, 1.937) 0.238
Placental abruption 40 (3.6%) 5 (2.8%) 0.768 (0.299, 1.974) 0.583 - -
Uterine atony 291 (26.5%) 79 (44.6%) 2233 (1.613, 3.091) <0.001 3.404 (2.297, 5.043) <0.001
Uterine rupture 5 (0.5%) 3 (1.7%) 3.766 (0.892, 15.90) | 0.087 4.091 (0.806, 20.77) 0.089
Adjacent organs injuries 89 (8.1%) 28 (15.8%) 2.128 (1.346, 3.365) <0.001 1.794 (1.072, 3.002) 0.026
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2.599-5.019; P < 0.001), uterine rupture (aOR 6.698, 95% CI 1.452-30.900; P = 0.015), and adjacent organ injuries
(aOR 1.678, 95% CI 1.061-2.653; P = 0.027) (Table 5).

Factors associated with platelet transfusion include maternal hemoglobinopathy (aOR 0.630, 95% CI 0.431-0.919;
P =0.016), placenta accreta spectrum (aOR 3.575, 95% CI 2.205-5.797, P < 0.001), and uterine atony (aOR 1.995, 95%
CI 1.393-2.856; P < 0.001) (Table 6).

Table 5 Factor Associated with Fresh Frozen Plasma Transfusion: a Univariable and Multivariable Logistic Regression Analysis

Factors No (n=1007) | Yes (n=267) Univariable Analysis Multivariable Analysis
Crude Odds p-value Adjusted Odds p-value
Ratio (95% CI) Ratio (95% CI)

Age: 2 35 years 352 (35%) 118 (44.2%) 1.474 (1.120, 1.938) | 0.005 1.160 (0.854, 1.576) | 0.343
Body mass index (kg/m?) (n=937) - -

20-24.9 353 (47.9%) 101 (50.5%) 1.000

<20 202 (27.4%) 54 (27%) 0.934 (0.643, 1.357) | 0.721

225 182 (24.7%) 45 (22.5%) 0.864 (0.583, 1.282) | 0.468
Total weight gain = 10 kg (n=920) | 502 (69.3%) 132 (67.3%) 0.912 (0.651, 1.279) | 0.593 - -
Parity = 2 179 (17.8%) 69 (25.8%) 1.612 (1.173,2.21¢6) | 0.003 1.312 (0911, 1.889) | 0.145
Preterm delivery 427 (42.7%) 134 (50.4%) 1.365 (1.041, 1.789) | 0.024 1.585 (1.152, 2.181) | 0.005
Gestational diabetes mellitus 89 (8.8%) 29 (10.9%) 1.257 (0.807, 1.957) | 0311 - -
Hypertension 45 (4.5%) 12 (4.5%) 1.006 (0.524, 1.930) | 0.986 - -
Hemoglobinopathy 358 (37.1%) 67 (25.9%) 0.593 (0.436, 0.806) | <0.001 0.770 (0.549, 1.078) | 0.128
Maternal anaemia 215 (21.4%) Il (4.1%) 0.158 (0.085, 0.295) | <0.001 0.369 (0.189,0.719) | 0.003
Placenta accreta spectrum 42 (4.2%) 55 (20.6%) 5.961 (3.884, 9.147) | <0.001 6.530 (4.056, 10.51) | <0.001
Placenta previa 299 (29.7%) 85 (31.8%) 1.106 (0.827, 1.479) | 0.497 - -
Placental abruption 30 (3.0%) 15 (5.6%) 1.938 (1.027, 3.658) | 0.038 1.545 (0.744, 3.205) | 0.243
Uterine atony 242 (24%) 128 (47.9%) 2911 (2.200, 3.853) | <0.001 3.612 (2,599, 5.019) | <0.001
Uterine rupture 3 (0.3%) 5 (1.9%) 6.387 (1.517,26.89) | 0.013 6.698 (1.452, 30.90) | 0.015
Adjacent organs injuries 77 (7.6%) 40 (15%) 2.128 (1.414, 3.203) | <0.001 1.678 (1.061, 2.653) | 0.027

Table 6 Factors Associated with Platelet Transfusion: a Univariable and Multivariable Logistic Regression Analysis

Factors No (n=1078) | Yes (n=196) Univariable Analysis Multivariable Analysis
Crude odds p-value Adjusted Odds p-value
Ratio (95% CI) Ratio (95% CI)
Age: 2 35 years 386 (35.8%) 84 (42.9%) 1.345 (0.987, 1.832) | 0.060 1.147 (0.824, 1.597) | 0.417
Body mass index (kg/m?) (n=937) - -
20-24.9 380 (47.4%) 74 (54.4%) 1.000
<20 226 (28.2%) 30 (22.1%) 0.682 (0.432, 1.074) | 0.099
225 195 (24.4%) 32 (23.5%) 0.843 (0.538, 1.321) | 0.455
(Continued)
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Table 6 (Continued).

Factors No (n=1078) | Yes (n=196) Univariable Analysis Multivariable Analysis
Crude odds p-value Adjusted Odds p-value
Ratio (95% CI) Ratio (95% CI)
Total weight gain = 10 kg (n=920) | 542 (69%) 92 (68.7%) 0.986 (0.664, 1.464) | 0.945 - -
Parity = 2 196 (18.2%) 52 (26.5%) 1.625 (1.142, 2.313) | 0.007 1.386 (0.946, 2.030) | 0.094
Preterm delivery 453 (42.3%) 108 (55.4%) 1.696 (1.248, 2.306) | <0.001 1.699 (1.213, 2.378) | 0.002
Gestational diabetes mellitus 95 (8.8%) 23 (11.7%) 1.376 (0.848, 2.230) 0.194 - -
Hypertension 44 (4.1%) 13 (6.6%) 1.669 (0.882, 3.161) 0.112 - -
Hemoglobinopathy 381 (36.8%) 44 (23.3%) 0.522 (0.364, 0.748) | <0.001 0.630 (0.431, 0.919) | 0.0l6
Maternal anaemia 209 (19.4%) 17 (8.7%) 0.395 (0.235, 0.664) | <0.001 0.736 (0.418, 1.294) | 0.287
Placenta accrete spectrum 60 (5.6%) 37 (18.9%) 3.948 (2.537, 6.146) <0.001 3.575 (2.205, 5.797) <0.001
Placenta previa 331 (30.7%) 53 (27%) 0.836 (0.595, 1.176) | 0.304 - -
Placental abruption 32 (3%) 13 (6.6%) 2.322 (1.196, 4.508) | 0.011 1.586 (0.747, 3.368) | 0.230
Uterine atony 295 (27.4%) 75 (38.3%) 1.645 (1.197, 2.260) | 0.002 1.995 (1.393, 2.856) | <0.001
Uterine rupture 5 (0.5%) 3 (1.5%) 3.336 (0.791, 14.07) | O.111 - -
Adjacent organs injuries 94 (8.7%) 23 (11.7%) 1.392 (0.858, 2.258) 0.180 - -

Factors associated with cryoprecipitate transfusion include maternal anaemia (aOR 0.258, 95% CI 0.078-0.852; P =
0.026), placenta accreta spectrum (aOR 4.928, 95% CI 2.751-8.826; P < 0.001), and uterine atony (aOR 2.943, 95% CI
1.810—4.784; P < 0.001) (Table 7).

Table 7 Factor Associated with Cryoprecipitate Transfusion: a Univariable and Multivariable Logistic Regression Analysis

Factors No (n=1182) Yes (n=92) Univariable Analysis Multivariable Analysis
Crude Odds p-value Adjusted Odds p-value
Ratio (95% CI) Ratio (95% CI)
Age: 2 35 years 425 (36%) 45 (48.9%) 1.705 (1.114, 2.610) 0.013 1.295 (0.829, 2.023) 0.256
Body mass index (kg/m?) (n=937) - -
20-24.9 416 (48%) 38 (54.1%) 1.000
<20 240 (27.7%) 16 (22.9%) 0.730 (0.398, 1.337) 0.308
225 211 (24.3%) 16 (22.9%) 0.830 (0.452, 1.523) 0.548
Total weight gain = 10 kg (n=920) 588 (69.1%) 46 (66.7%) 0.895 (0.531, 1.507) 0.675 - -
Parity = 2 228 (19.3%) 20 (21.7%) 1.162 (0.694, 1.947) 0.568 - -
Preterm delivery 508 (43.2%) 53 (57.6%) 1.784 (1.162, 2.741) 0.008 2.069 (1.299, 3.294) 0.002
Gestational diabetes mellitus 106 (9%) 12 (13%) 1.523 (0.804, 2.884) 0.194 - -
Hypertension 54 (4.6%) 3 (3.3%) 0.704 (0.216, 2.297) 0.793 - -
Hemoglobinopathy 398 (35.1%) 27 (30%) 0.794 (0.497, 1.266) 0.331 - -
(Continued)
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Table 7 (Continued).

Factors No (n=1182) Yes (n=92) Univariable Analysis Multivariable Analysis
Crude Odds p-value Adjusted Odds p-value
Ratio (95% ClI) Ratio (95% ClI)
Maternal anaemia 223 (18.9%) 3 (3.3%) 0.145 (0.045, 0.462) <0.001 0.258 (0.078, 0.852) 0.026
Placenta accrete spectrum 74 (6.3%) 23 (25%) 4.991 (2.946, 8.457) <0.001 4.928 (2.751, 8.826) <0.001
Placenta previa 353 (29.9%) 31 (33.7%) 1.193 (0.761, 1.872) 0.441 - -
Placental abruption 40 (3.4%) 5 (5.4%) 1.641 (0.631, 4.264) 0.370 - -
Uterine atony 327 (27.7%) 43 (46.7%) 2.295 (1.494, 3.523) <0.001 2.943 (1.810, 4.784) <0.001
Uterine rupture 6 (0.5%) 2 (2.2%) 4.356 (0.867, 21.89) 0.109 - -
Adjacent organs injuries 104 (8.8%) 13 (14.1%) 1.706 (0.917, 3.171) 0.088 1.319 (0.687, 2.530) 0.406
Discussion

This 20-year review provides valuable insights into blood transfusion patterns during caesarean section (CS) at Siriraj
Hospital, revealing significant associations between transfusion needs and specific maternal and obstetric risk factors.'?
The increasing CS rate, which rose from 1.9% in 2002 to 48.5% in 2017, reflects global trends of rising operative
deliveries and underscores the growing burden of perioperative complications.'*'* Parallel to this trend, our findings
show that the transfusion rate also increased, peaking at 3.2% in 2019, which emphasizes the importance of identifying
women at highest risk and implementing targeted preventive measures. The majority of blood losses were between 500
and 999 mL, consistent with other studies but with increased risks associated with underlying anaemia.'>'®

Among all risk factors, placenta accreta spectrum emerged as the strongest predictor of transfusion, with a more than
sixfold increased likelihood of requiring multiple blood components. This aligns with global evidence showing that
abnormal placentation is one of the leading causes of massive obstetric haemorrhage, maternal morbidity, and peripartum
hysterectomy.'” The rising prevalence of placenta accreta spectrum has been linked to increasing CS rates, which create
uterine scarring and predispose women to abnormal placental attachment in subsequent pregnancies.'”'® Our findings
reinforce the critical need for early antenatal diagnosis through ultrasound and MRI, multidisciplinary delivery planning,
and blood bank preparedness in tertiary care settings to reduce morbidity and optimize outcomes. Obstetric haemorrhage
remains a leading cause of maternal mortality in many countries, including Thailand, where it ranks as a major cause of
direct maternal mortality.'**

Uterine atony, another significant predictor, was present in nearly one-third of cases requiring transfusion. Despite
advances in uterotonic protocols, uterine atony remains the leading cause of postpartum haemorrhage worldwide and is
a common reason for escalation to transfusion.**'” Our data support the importance of early recognition and aggressive
management of atony, including the use of second-line uterotonics, tranexamic acid, and surgical interventions where
needed. Given its high prevalence, training delivery teams in atony management through simulation-based education and
standardized protocols may reduce transfusion requirements and improve safety outcomes.

Maternal anaemia was also strongly associated with transfusion, particularly in women under 30 years old, those with
a low BMI, and those with fewer antenatal visits. These findings are consistent with studies from other low- and middle-
income countries where iron deficiency anaemia remains a persistent contributor to obstetric morbidity.*'** We observed
that anaemia was more common in women with a BMI < 18.5, those under 30, and those with fewer antenatal visits.>**
Anaemia can lead to severe complications such as post-partum infection, uterine atony, and the need for blood
transfusions, even with moderate blood loss.”>*® Anaemia reduces maternal reserve, leading to a greater likelihood of
transfusion even with moderate blood loss. Strengthening antenatal care, increasing access to iron and folic acid

supplementation, and routine haemoglobin monitoring are critical strategies to improve maternal outcomes.?’ Public
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health initiatives targeting nutritional deficiencies and anaemia screening could substantially reduce transfusion demand
in obstetric populations.

In addition to these primary risk factors, placenta previa, uterine rupture, and adjacent organ injury were also
significantly associated with blood loss >1000 mL and high transfusion volumes. These conditions, often linked to
emergency CS and delayed presentation, highlight the importance of early referral systems, appropriate surgical
expertise, and readily available blood products in tertiary centers. Our findings underscore that while CS is a life-
saving procedure, its increasing use necessitates proactive planning to address the rising risk of obstetric haemorrhage
and transfusion dependence. Blood transfusions, while lifesaving, carry risks such as infections, electrolyte imbalances,

and increased mortality in massive transfusions.*®?’

3031 gur results demonstrate that

Although this study did not specifically evaluate massive transfusion protocols,
certain risk factors; particularly placenta accreta spectrum and uterine atony are closely tied to high transfusion volumes,
placing patients at greater risk of complications associated with massive transfusion.*>** These complications include
coagulopathy, hypothermia, electrolyte imbalance, and multi-organ failure, which contribute to poor maternal outcomes
and increased resource utilization. Proactive measures such as standardized massive transfusion protocols, early
hemorrhage risk scoring, and multidisciplinary planning for high-risk pregnancies are essential. Furthermore, optimizing
antenatal care and encouraging delivery in well-equipped tertiary centers could reduce the need for massive transfusions
and improve maternal safety.

Our findings also have implications for blood management strategies. Variability in transfusion practices among

d,>*>" and while our study did not directly measure provider-level variation, the high

clinicians has been well documente
rates of transfusion observed in association with specific obstetric risk factors highlight the need for standardized,
evidence-based guidelines. Implementing patient blood management (PBM) programs, which emphasize minimizing
unnecessary transfusions and optimizing hemoglobin levels pre-delivery, has been shown to reduce transfusion rates and
improve outcomes.'® Education, audit, and feedback interventions could enhance adherence to PBM principles and
reduce variability in transfusion decisions.**

Finally, this study emphasizes the importance of prevention-focused approaches. Addressing maternal anaemia
through early screening and supplementation programs is an achievable strategy, particularly in resource-limited settings
where blood supplies are constrained. Efforts to reduce primary caesarean section rates could indirectly lower placenta
accreta spectrum prevalence, thereby decreasing the likelihood of severe hemorrhage and transfusion requirements in
future pregnancies. Strengthening obstetric emergency preparedness, especially in rural and referral hospitals, will also
be crucial to reducing maternal morbidity and mortality.

Importantly, while similar studies have been conducted in both the Global North and South, our analysis provides one
of the largest datasets from Southeast Asia, covering a 20-year period at Thailand’s largest tertiary referral center. This
regional context is unique, as patterns of maternal risk factors, caesarean delivery rates, and availability of blood products
differ substantially from high-income and other low- and middle-income countries. Our findings therefore add value by
offering locally relevant evidence to guide clinical practice and inform national health system planning. By identifying
key predictors of transfusion, our study highlights opportunities for targeted interventions to improve maternal outcomes
and reduce reliance on blood products. Future research could explore predictive models integrating antenatal and
intrapartum factors to better stratify risk and guide blood bank resource allocation.

Strengths of the Study

This study draws on two decades of data from a large tertiary referral center, providing a comprehensive overview of
transfusion patterns and risk factors during caesarean section. The large sample size and detailed clinical information
strengthen the validity of the findings. The use of multivariable analyses allowed us to adjust for multiple confounders
and identify independent predictors of transfusion, offering insights that can inform clinical practice and resource
planning.

International Journal of Women’s Health 2025:17 hetps: 3523



Chawanpaiboon et al

Limitations of the Study

As a retrospective single-center study, the findings are subject to limitations inherent to chart reviews, including missing
data and potential coding errors. The study population primarily reflects women receiving care at a tertiary center in
Thailand, which may limit generalizability to other healthcare settings or ethnic populations. Additionally, while we
examined transfusion volumes and component use, we did not assess maternal outcomes beyond the delivery admission
period or evaluate long-term effects of transfusion. Future multicenter or prospective studies are needed to validate these
findings across diverse populations and healthcare systems.

Conclusions

This 20-year retrospective review identified placenta accreta spectrum, uterine atony, placenta previa, and maternal
anaemia as the strongest predictors of blood transfusion during caesarean section. Women with placenta accreta spectrum
had a more than sixfold increased likelihood of transfusion, and those with uterine atony were over three times more
likely to require blood products. Rising caesarean section rates were associated with an increased transfusion burden,
highlighting the need for preventive strategies. Improving antenatal care to address maternal anaemia, early diagnosis of
abnormal placentation, and careful delivery planning for high-risk pregnancies are critical steps to reduce transfusion
requirements and improve maternal outcomes. Development and implementation of standardized transfusion protocols
and massive transfusion readiness may further enhance safety and optimize resource use in obstetric care.
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