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To identify risk factors for blood transfusion during cesarean section in women with major placenta 
previa. We conducted a retrospective single-center cohort study of 110 women with major placenta 
previa who underwent cesarean section at the Department of Obstetrics and Gynecology, Karlsruhe 
Municipal Hospital, between 2014 and 2021. We grouped patients by whether they received a 
perioperative blood transfusion. Maternal characteristics and clinical factors were compared to 
identify risk factors. Twenty women (18.2%) required a blood transfusion. No significant differences 
were observed between groups for maternal age, gestational age at delivery, elective versus urgent 
cesarean section, antepartum bleeding, use of assisted reproductive technology, or history of 
curettage. Prior cesarean section was associated with higher odds of perioperative transfusion (OR 
4.63, 95% CI 1.65–12.95; Holm-adjusted p = 0.049). Major placenta previa itself is a recognized risk 
factor for obstetric hemorrhage and transfusion. Our study shows that a history of previous cesarean 
section is associated with an additional increase in transfusion risk. These findings emphasize the 
importance of careful preoperative planning and counseling in this high-risk population. 
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Major placenta previa is one of the most challenging obstetric conditions and can have devastating consequences 
for both mother and fetus. It can result in catastrophic hemorrhage that may require cesarean hysterectomy 
and massive blood transfusion. The prevalence of placenta previa is estimated at 0.4–0.5%, with substantial 
regional variation worldwide1,2. Its frequency has increased in recent decades, largely paralleling the global rise 
in cesarean deliveries. In a prospective study spanning 19 years, Kollmann et al. reported a 50% increase in the 
incidence of placenta previa3.

Placenta previa is defined as the presence of placental tissue covering or reaching the internal cervical os 
beyond 20 weeks of gestation4. Nearly 90% of low-lying placentas diagnosed in the second trimester resolve 
before term through the phenomenon of placental “migration” or trophotropism5. Persistent placenta previa at 
term, however, is strongly associated with severe maternal morbidity.

Previous studies have identified several risk factors for major placenta previa, including advanced maternal 
age, multiparity, assisted reproductive techniques, previous curettage, and particularly a history of cesarean 
delivery6–9. The rising global cesarean rate has therefore been recognized as a major contributor to the increasing 
incidence of placenta previa10.

Major placenta previa is also strongly associated with life-threatening maternal hemorrhage and the need 
for blood transfusion. Several studies have attempted to identify risk factors for transfusion among women 
with placenta previa11–14. However, many of these studies combined major and minor placenta previa, despite 
evidence that the risk profile differs significantly between these groups15,16.

To address this gap, our study focused exclusively on women with major placenta previa, defined according to 
the updated AIUM classification17. We aimed to identify clinical risk factors for perioperative blood transfusion 
in this high-risk population.
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Methods
Patient selection
Most previous studies of hemorrhage in women with placenta previa have included heterogeneous patient 
populations, often combining minor and major forms according to older classification systems. To provide a 
more refined assessment, we excluded cases of low-lying and marginal placenta previa, as defined by the updated 
AIUM criteria6,7. Our analysis focused exclusively on women with major placenta previa in order to evaluate 
maternal hemorrhage and the need for blood transfusion in a homogeneous cohort.

A total of 110 patients with major placenta previa were eligible for inclusion. According to AIUM (2018) 
criteria, 94 women (85.5%) had placenta previa totalis (full coverage of the internal cervical os), and 16 (14.5%) 
had placenta previa partialis (partial coverage of the internal cervical os).

Inclusion criteria were: confirmed diagnosis of major placenta previa (totalis or partialis) by ultrasound after 
20 weeks of gestation; cesarean section performed at our institution between 2014 and 2021; and availability 
of complete medical records. Exclusion criteria were: low-lying placenta or marginal placenta previa; multiple 
gestation; congenital fetal anomalies; and missing or incomplete data.

Patient selection is illustrated in Fig. 1, which outlines the stepwise inclusion and exclusion process.

Variables
We focused on maternal characteristics, reproductive history, and antepartum factors relevant to modern 
obstetric populations in Western Europe. Particular attention was given to advancing maternal age, the increasing 
use of assisted reproductive technologies (ART), a history of curettage, and previous cesarean delivery. We also 
examined the presence or absence of antepartum bleeding and the timing of cesarean section, recognizing that 
these nonmodifiable factors must be considered when counseling women with major placenta previa facing life-
threatening hemorrhage.

This retrospective cohort study analyzed all women with major placenta previa who underwent cesarean 
section at Karlsruhe Municipal Hospital between 2014 and 2021. Patients were identified using ICD-10 
diagnostic codes O44.00 and O44.01 (placenta previa without bleeding) and O44.10 and O44.11 (placenta previa 
with bleeding).

According to the updated AIUM classification, we excluded women with low-lying or marginal placenta 
previa (“minor placenta previa”) and included only those with major placenta previa (totalis and partialis) to 
achieve a more refined and homogenous assessment. Women were divided into two groups: those who received 
transfusions of packed red blood cells during cesarean section or before hospital discharge, and those who 
did not. Preoperative ultrasound findings and full clinical records were reviewed to identify risk factors for 
transfusion. Specifically, we recorded maternal age, gestational age at delivery, parity, and prior obstetric history 
(including the number of previous cesarean deliveries).

We also documented key perioperative outcomes such as estimated blood loss, need for cesarean hysterectomy, 
placenta accreta spectrum involvement, and pre- and postoperative hemoglobin levels. The hemoglobin values 
were used descriptively to gauge hemorrhage severity and recovery, but were not included as independent 
variables in the risk factor analysis. The patient selection process is illustrated in Fig. 1.

This retrospective study used anonymized data and was approved by the Ethics Committee of the Karlsruhe 
Institute of Technology (KIT), which granted a waiver of informed consent. All methods were performed in 
accordance with the relevant guidelines and regulations.

All women with placenta previa 
n = 216 

Women with minor 
placenta previa 

n = 116 

Women with major 
placenta previa 

n = 110 

Women with no blood transfusion 
n = 90 

Women with blood transfusion 
n = 20 

Fig. 1.  Patient selection between 2014 and 2021. The analysis only included women with placenta previa 
major.

 

Scientific Reports |          (2026) 16:633 2| https://doi.org/10.1038/s41598-025-34425-1

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Statistical analysis
Continuous variables are presented as means with standard deviation, and categorical variables as frequencies 
and percentages. The primary aim was to identify risk factors for blood transfusion in women with major 
placenta previa (totalis or partialis). We compared baseline characteristics between the transfusion and no-
transfusion groups.

For continuous variables (maternal age, gestational age at cesarean), Student’s t-tests were applied. For 
categorical variables (elective cesarean, antepartum bleeding, previous caesarean section, ART, previous 
curettage), chi-square tests or Fisher’s exact tests were used, depending on expected frequencies.

P values were corrected for multiple testing using the Bonferroni–Holm method. A corrected p < 0.05 was 
considered statistically significant. Effect estimates are presented with 95% confidence intervals (CI). Statistical 
analyses were performed using R version 4.3.0 (R Development Core Team, Vienna, Austria, 2023).

Outcome definition
The primary outcome was the need for perioperative blood transfusion. Transfusion was defined as the 
administration of at least one unit of packed red blood cells (PRBCs) during the cesarean procedure or before 
hospital discharge. At our institution, transfusion decisions followed a standardized protocol: transfusion was 
indicated for hemoglobin < 8  g/dL or in the presence of hemodynamic instability. An institutional massive 
transfusion protocol (MTP) was available; activation was considered for > 1500 mL blood loss with ongoing 
bleeding or for rapid blood loss approaching ≥ 2000 mL, even when vital signs were initially stable. Decisions 
were made in accordance with these institutional guidelines and clinical judgment. Because formal MTP 
activations were not consistently documented in the retrospective record, activation frequency was not analyzed.

Results
The study included 110 women with major placenta previa, as defined by the updated classification, who 
underwent cesarean section. Patient characteristics are presented in Table 1.

Overall, 20 women required a blood transfusion and 90 did not (transfusion rate 18.2%).
Median estimated blood loss was 1,750 mL (IQR 1,500–3,250) in the transfused group (n = 20) versus 

700 mL (IQR 500–1,000) in the non-transfused group (n = 90). The median hemoglobin decrease (ΔHb) was 
2.4 g/dL (IQR 1.5–3.5) among transfused patients and 2.3 g/dL (IQR 1.4–2.8) among non-transfused patients 
(Supplementary Table S1).

Table  2 compares women who required transfusion with those who did not, according to potential risk 
factors. No significant differences were found for nonmodifiable clinical factors such as maternal age, gestational 

Characteristic No transfusion (n = 90) Transfusion (n = 20) Effect estimate (95% CI) Raw p Corrected p

Age (years) 34.8 (4.9) 34.6 (4.4) Mean diff − 0.20 (− 2.38 to 1.98) 0.890 1.000

Gestational week at cesarean 33.9 (3.2) 32.2 (4.3) Mean diff − 1.70 (− 3.70 to 0.30) 0.108 0.539

Elective cesarean 40 (44.4%) 8 (40.0%) OR 0.83 (0.31–2.23) 0.717 1.000

Antepartum bleeding 69 (76.7%) 17 (85.0%) OR 1.72 (0.46–6.46) 0.556 1.000

Previous cesarean 16 (17.8%) 10 (50.0%) OR 4.63 (1.65–12.95) 0.007 0.049

ART 14 (15.6%) 3 (15.0%) OR 0.96 (0.25–3.71) 1.000 1.000

Previous curettage 29 (32.2%) 12 (60.0%) OR 3.16 (1.16–8.56) 0.020 0.120

Table 2.  Comparison by transfusion status with effect estimates effect estimates are reported with 95% 
confidence intervals; p-values adjusted using the Bonferroni–Holm method. After Bonferroni–Holm 
correction, only previous cesarean section remained statistically significant (corrected p = 0.049).

 

Characteristic Summary statistics

Age (years) Mean (SD) 34.7 (4.8)

Gestational week at cesarean section Mean (SD) 33.6 (3.5)

Elective cesarean section No 62 (56.4)

Yes 48 (43.6)

Antepartum bleeding No 24 (21.8)

Yes 86 (78.2)

Previous cesarean section No 84 (76.4)

Yes 26 (23.6)

Assisted reproductive technology (ART) No 93 (84.5)

Yes 17 (15.5)

Previous curettage No 69 (62.7)

Yes 41 (37.3)

Table 1.  Patient characteristics, showing means and standard deviation (SD) or frequencies and percentages
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age at delivery, type of cesarean section (elective or urgent), occurrence of antepartum bleeding, prior curettage, 
or use of assisted reproductive technology (ART).

A history of previous cesarean section was significantly more common among women who required 
transfusion (10 of 20; 50%) compared with those who did not (16 of 90; 17.8%). This factor remained significant 
after adjustment for multiple testing. In absolute terms, perioperative transfusion occurred in 10/26 (38.5%) 
women with prior cesarean section versus 10/84 (11.9%) without prior cesarean section. The risk ratio was 
3.23 (95% CI 1.51–6.90) and the risk difference was + 26.6% points (95% CI + 6.7 to + 46.5). These estimates 
complement the odds ratio and communicate the clinical magnitude of the association (Supplementary Table 
S2).

Among women without PAS (n = 100), transfusion occurred in 6/22 (27.3%) with prior cesarean delivery 
versus 6/78 (7.7%) without (RR 3.55, 95% CI 1.27–9.91). Among those with PAS (n = 10), transfusion occurred 
in 4/4 (100%) with prior cesarean section versus 4/6 (66.7%) without (RR 1.40, 95% CI 0.75–2.62). A Mantel–
Haenszel pooled estimate adjusting for PAS was OR 4.6 (95% CI 1.4–14.8), similar to the crude association. 
(Supplementary Table S3).

Cesarean hysterectomy was performed in 11 women, 10 of whom had histologically confirmed placenta 
increta. Eight of these 10 women received transfusions, corresponding to a transfusion rate of 80%, while two 
did not require blood products. Overall, the transfusion rate was 18.2% (20/110). Among women with prior 
cesarean, the absolute transfusion risk was 38.5% (10/26), and among those with placenta increta undergoing 
cesarean hysterectomy, 8/10 (80.0%) required transfusion.

Table 3 provides an overview of additional perioperative outcomes stratified by transfusion status. Of the 
110 women, 84 (76.4%) had no prior cesarean deliveries, 19 (17.3%) had one prior cesarean, and 7 (6.4%) had 
two or more. Consistent with our main finding, a higher proportion of the transfusion group had a history of 
cesarean delivery. Women who required transfusion also experienced substantially greater blood loss (median 
estimated blood loss 1.7 L vs. 0.7 L) and were more likely to undergo cesarean hysterectomy compared to those 
not transfused. Placenta accreta spectrum (typically placenta increta) was present in 40% of transfused patients 
versus 2% of non-transfused patients. Preoperative hemoglobin levels were slightly lower in the transfusion 
group, and postoperative hemoglobin was markedly lower in the transfusion group, reflecting the greater 
hemorrhage and hemodilution despite transfusions (Table  3). Placenta accreta spectrum (PAS) was strongly 
associated with perioperative transfusion: 8/10 (80.0%) with PAS were transfused versus 12/100 (12.0%) without 
PAS, corresponding to a crude OR 29.3 (95% CI 5.6–154.3).

Discussion
Our study evaluated risk factors for blood transfusion in women with major placenta previa who underwent 
cesarean section. We observed that a previous cesarean delivery was significantly associated with an increased 
need for perioperative blood transfusion. This result aligns with earlier studies that reported an elevated 
hemorrhage risk in women with uterine scarring and abnormal placentation12–15. Additionally, prior research 

Variable All patients (N = 110) No transfusion (N = 90) Received transfusion (N = 20)

Blood transfusion

Yes, n (%) 20 (18.2%) 0 (0.0%) 20 (100.0%)

No, n (%) 90 (81.8%) 90 (100.0%) 0 (0.0%)

Previous cesarean sections

None (0) 84 (76.4%) 74 (82.2%) 10 (50.0%)

One (1) 19 (17.3%) 11 (12.2%) 8 (40.0%)

Two or more (≥ 2) 7 (6.4%) 5 (5.6%) 2 (10.0%)

Cesarean hysterectomy

Yes, n (%) 11 (10.0%) 3 (3.3%) 8 (40.0%)

No, n (%) 99 (90.0%) 87 (96.7%) 12 (60.0%)

Estimated blood loss (EBL)

<1000 mL 65 (59.1%) 64 (71.1%) 1 (5.0%)

1000–2000 mL 37 (33.6%) 26 (28.9%) 11 (55.0%)

>2000 mL 8 (7.3%) 0 (0.0%) 8 (40.0%)

Hemoglobin levels

Preoperative (g/dL), mean ± SD 11.5 ± 1.1 11.6 ± 1.1 10.8 ± 0.8

Postoperative (g/dL), mean ± SD 9.3 ± 1.2 9.5 ± 1.1 8.5 ± 1.3

Placenta accreta spectrum (PAS)

PAS cases, n (%) 10 (9.1%) 2 (2.2%) 8 (40.0%)

PAS with hysterectomy, n (%) 10 (100.0%) 2 (100.0%) 8 (100.0%)

PAS with transfusion, n (%) 8 (80.0%) 0 (0.0%) 8 (100.0%)

Table 3.  Clinical characteristics stratified by transfusion status in women with major placenta previa. 
EBL Estimated blood loss. The “>2000 mL” category includes all cases above 2000 mL; two cases exceeded 4000 
mL.

 

Scientific Reports |          (2026) 16:633 4| https://doi.org/10.1038/s41598-025-34425-1

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


indicates a dose-dependent increase in hemorrhagic complications with each additional cesarean delivery. In 
placenta previa cases, multiple previous cesareans confer a progressively higher risk of placenta accreta spectrum 
and massive hemorrhage18,19. Although our cohort included only seven women with two or more prior cesareans, 
the trend in transfusion rates supports this escalation of risk.

Other factors such as maternal age, gestational age at delivery, antepartum bleeding, assisted reproductive 
techniques, and previous curettage showed associations in univariate analysis, but these did not remain 
significant after correction for multiple testing. This loss of significance may be related to the limited sample size. 
Our findings are consistent with some previous studies16,17, but differ from others that identified these variables 
as independent predictors of transfusion18,20.

Placenta increta was present in several cases and contributed to the transfusion burden. Its inclusion in the 
analysis was clinically justified, but it may also represent a confounder. Because multivariable logistic regression 
was not feasible due to the small sample size, residual confounding cannot be excluded. The potential influence 
of abnormal placental invasion on transfusion risk has been highlighted in prior studies19,21,22.

Several limitations of this study must be acknowledged. The retrospective single-center design carries an 
inherent risk of selection bias. Data collection was limited to available records, and surgical approaches varied 
among operators, potentially influencing blood loss and transfusion rates. Differences in surgical management 
decisions (for example, the threshold for proceeding to cesarean hysterectomy or other hemostatic interventions) 
could have impacted hemorrhage outcomes independently of patient factors. Moreover, unmeasured variables 
such as the presence of placenta accreta spectrum in varying degrees could confound the association between 
prior cesarean and transfusion. Therefore, our ability to draw causal inferences is limited, the observed link 
between previous cesarean and transfusion may reflect, in part, residual confounding by these factors. While 
the prior-cesarean association persisted after PAS stratification, precision was limited, particularly in the PAS 
stratum, and we could not perform stable multivariable adjustment. Additionally, intraoperative blood loss may 
vary with surgeon experience, surgical technique, and the availability of multidisciplinary support, which we 
could not fully account for in this retrospective design.

The relatively small sample size restricted the ability to build a multivariable model and may explain why 
some associations reported by others were not confirmed here14,15,17. Despite these limitations, our analysis 
focused strictly on cases of major placenta previa according to the updated AIUM classification, thereby 
improving internal validity by reducing heterogeneity compared with earlier studies that combined major and 
minor forms10,11.

Clinically, the association between previous cesarean section and transfusion risk emphasizes the importance 
of careful preoperative planning in women with placenta previa. Major placenta previa itself is a recognized risk 
factor for massive obstetric hemorrhage and transfusion2,6,8, and our findings highlight that this risk is further 
increased in women with a history of cesarean delivery. This includes ensuring the availability of adequate blood 
products, consultation with experienced surgical teams, and comprehensive counseling of patients regarding 
hemorrhage risk. These considerations are particularly relevant given the rising global rates of cesarean deliveries 
and the corresponding increase in abnormal placentation2,6,8.

Future research should include larger multicenter prospective studies to validate our findings and to identify 
additional risk factors. Incorporating multivariable models would allow adjustment for confounding factors, 
including abnormal placental invasion, and could lead to more accurate prediction of transfusion needs in this 
high-risk population.

Conclusions
In this exploratory, retrospective cohort of women with major placenta previa, prior cesarean section was 
associated with an increased risk of perioperative red-cell transfusion. Patients with major placenta previa plus 
prior cesarean merit enhanced perioperative planning (readily available blood products and an experienced 
multidisciplinary team).

In women with major placenta previa, the condition itself is a well-established risk factor for significant 
bleeding and the need for blood transfusion during delivery2,6,8. Our study further demonstrates that a history 
of previous cesarean section is associated with an additional increased risk of perioperative transfusion. 
This observation is consistent with earlier research linking uterine scarring to abnormal placentation and 
hemorrhage12–15. Other potential risk factors, such as maternal age, gestational week at delivery, antepartum 
bleeding, previous curettage, and assisted reproductive techniques, did not remain significant after correction 
for multiple testing.

The findings should be interpreted with caution given the retrospective single-center design, limited sample 
size, and the absence of multivariable analysis. Placenta increta, while included in the analysis, may have 
confounded results. These limitations prevent us from drawing firm causal conclusions.

Nevertheless, our results underscore the clinical importance of considering both major placenta previa 
itself and a history of cesarean delivery when assessing transfusion risk. Women with major placenta previa 
and a prior cesarean delivery should receive enhanced perioperative planning, including preparation of blood 
products and management by an experienced multidisciplinary team. For these patients, the availability of blood 
products, and counseling about hemorrhage risk are essential. Future large-scale prospective studies are required 
to confirm these associations and to support the development of robust prediction models for transfusion risk.

Data availability
The anonymized dataset generated and analyzed during the current study has been deposited in the Zenodo re-
pository and is publicly available: Baev E, Roth K, Nagel J, Krämer J, Dittrich R, Häberle L, Müller A. Dataset for 
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