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Abstract

Background The appropriate use of obstetric blood transfusion is crucial for patients with placenta previa and prena-
tal anemia. This retrospective study aims to explore the correlation between prenatal anemia and blood transfusion-
related parameters in this population.

Methods We retrieved the medical records of consecutive participants who were diagnosed with placenta previa
and underwent cesarean section in our hospital. We compared the baseline demographics and clinical characteristics
of patients with and without anemia. The correlation between prenatal anemia and obstetric blood transfusion-
related parameters was evaluated using multivariate regression analysis.

Results A total of 749 patients were enrolled, with a mean prenatal hemoglobin level of 10.87+1.37 g/dL. Among
them, 54.87% (391/749) were diagnosed with anemia. The rate of obstetric blood transfusion was significantly higher
in the anemia group (79.54%) compared to the normal group (44.41%). The median allogeneic red blood cell transfu-
sion volume in the anemia group was 4.00 U (IQR 2.00-6.00), while in the normal group, it was 0.00 U (IQR 0.00-4.00).
The prenatal hemoglobin levels had a non-linear relationship with intraoperative allogeneic blood transfusion rate,
massive blood transfusion rate, red blood cell transfusion units, and fresh plasma transfusion volume in patients

with placenta previa, with a threshold of 12 g/dL.

Conclusions Our findings suggest that prenatal anemia is associated with a higher rate of blood transfusion-
related parameters in women with placenta previa when the hemoglobin level is < 12 g/dL. These results highlight
the importance of promoting prenatal care in placenta previa patients with a high requirement for blood transfusion.
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Introduction

Placenta previa, a condition in which the placenta par-
tially or completely covers the internal os of the cervix
after the 28th week of pregnancy, is associated with a ris-
ing prevalence. This increase is positively correlated with
advanced maternal age and a history of previous cesarean
section [1-3], making it crucial to address this condition
promptly. Pregnant women diagnosed with placenta pre-
via require emergent medical care before, during, or after
delivery due to the potential for danger or life-threaten-
ing complications. This condition not only impedes safe
vaginal delivery but also mandates the delivery of new-
borns by cesarean section.

Patients with placenta previa face a heightened risk of
anemia, a common pregnancy complication known to
lead to adverse maternal-fetal outcomes [4—6]. Hemo-
globin, a crucial component of red blood cells responsible
for oxygen transport, is integral to maintaining adequate
oxygenation for both the mother and the developing
fetus. Antepartum anemia can elevate nitric oxide pro-
duction, enhancing its biologic effects, which may result
in uterine muscle relaxation and contribute to atonic
perioperative and postpartum hemorrhage [7-13]. Sev-
eral studies have explored the intricate interplay between
anemia and the pregnancy outcomes, both maternal and
fetal. Shi et al. found that the severity of anemia during
pregnancy correlated with an elevated risk of adverse
events, including placental abruption, preterm birth,
severe postpartum hemorrhage, and fetal malformations.
[14] Another population-based study demonstrated that
anemia during pregnancy was associated with increased
risks of peri-partum, intra-partum, and post-partum
complications for the mother, as well as a higher likeli-
hood of preterm birth for the infant [6]. A longitudinal
study involving 2000 pregnant women revealed signifi-
cant differences in prematurity, birth weight, and hyper-
tensive disorders of pregnancy between anemic and
nonanemic groups, emphasizing the broad-ranging
impact of anemia on pregnancy outcomes [15]. There-
fore, raising awareness of anemia is essential for tailor-
ing effective management strategies to optimize maternal
and fetal well-being in pregnant women with placenta
previa.

Obstetric blood transfusion has emerged as a life-sav-
ing strategy for managing hemorrhage caused by anemia.
In cases of acute bleeding, the role of blood transfusion
is to maintain tissue oxygenation and reverse or prevent
coagulation. Obstetric blood transfusion involves the use
of allogeneic blood products during and up to 24 h after
delivery. When the hemoglobin level falls below 7 g/dL,
blood transfusion is often necessary to reduce the preva-
lence rate of bleeding and mortality [16]. Proper use of
blood component transfusion is crucial for meeting
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transfusion needs and preventing transfusion reaction
risks such as allergy, acute immune hemolysis, or delayed
hemolysis.

This retrospective study aims to evaluate the associa-
tion of prenatal anemia with obstetric blood transfusion-
related parameters in patients diagnosed with placenta
previa.

Methods

Participants and study design

This is a retrospectively study, and we retrospectively
reviewed the medical records of pregnant women with
placenta previa who gave birth at the Department of
Obstetrics of the Second Hospital of Hebei Medical Uni-
versity between January 2014 and December 2020 [17].
Eligible patients underwent cesarean section and had a
gestational age of 28—42 weeks. Those with hematological
disorders, coagulopathy, thrombocytopenia, or missing
data on prenatal anemia and obstetric blood transfusion
were excluded.

The requirement for informed consent was waived due
to the retrospective and anonymous nature of the data.
The study received approval from the Ethics Commit-
tee of the Second Hospital of Hebei Medical University
(approval No. 2019-R085).

Procedures

Patient information was retrieved from electronic medi-
cal records using International Classification of Diseases
10th edition (ICD O44) codes. Demographic and clini-
cal data were collected using EpiDatav3.1 software, cov-
ering baseline characteristics such as age, occupation,
region, body mass index, pregnancy complications, gra-
vidity, parity, number of previous cesarean sections, sur-
gical history, placental details, and hemorrhage during
pregnancy.

Assessments

Maternal hemoglobin concentration was determined
preoperatively using a blood cell analyzer (UniCel DxH
800, Beckman Coulter). Prenatal anemia was defined as
hemoglobin concentration<11.0 g/dL according to the
World Health Organization (WHO) guidelines [18].
Massive blood transfusion was defined as transfusion
of > 10 units of allogeneic red blood cells. Placental loca-
tion, placenta previa types, placenta accreta spectrum,
and fetal presentation were examined preoperatively
using the American GE-E10 color Doppler ultrasound
diagnostic instrument. Examination involved transab-
dominal or transabdominal combined with transvaginal
scanning [19].
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Statistical analysis

No formal statistical assumptions of samples size were
involved in this study. Continuous variables with normal
distribution were presented as mean tstandard devia-
tion (SD), and between-group differences were compared
using analysis of variance (ANOVA). Continuous vari-
ables with skewed distribution were presented as median
(interquartile range [IQR]), and the Kruskal-Wallis rank-
sum test was used to compare the differences between
groups. Categorical variables were presented as number
(percentage), and inter-group comparisons were per-
formed using the Chi-Square test. If the theoretical count
for a categorical variable is<10, P values were obtained
using Fisher’s exact probability test.

Multivariable regression analyses were conducted to
explore the correlation between anemia in patients with
anterior placenta previa and intraoperative blood prod-
uct use. A generalized estimating equation model (GEE)
was used to explore the association between prenatal
anemia and intraoperative allogeneic blood transfu-
sion, as recommended in the STROBE statement [20].
Three models were used to adjust for potential con-
founders. Model A was the non-adjusted model. Age
(continuous), region, occupation, body mass index (con-
tinuous), placenta previa types, placental location, and
placenta accreta spectrum were adjusted for in model B,
as described in previous studies [21-23]. Region, occu-
pation, number of cesarean sections, uterine anomalies
(bicornuate uterus, adenomyosis, uterine fibroids, or
prior uterine surgery), hemorrhage during pregnancy,
emergency surgery, placental location, placenta previa
types, and placenta accreta spectrum were adjusted for in
model C based on their association with the outcomes of
interest or a change in effect estimate above 10%. Mul-
tiple imputation was used to evaluate the sensitivity of
missing data. The results of group comparisons were pre-
sented as odds ratios (ORs) with a 95% confidence inter-
val (CI). Additionally, a generalized additive model with a
spline smoothing function was used to explore the non-
linear relationship between prenatal anemia level and
intraoperative blood transfusion.

All analyses were performed using R statistical soft-
ware (http://www.R-project.org, The R Foundation) and
Empower Stats (http://www.empowerstats.com, X&Y
Solutions, Inc., Boston, MA). Statistical significance was
set at P<0.05 and all analyses were two-tailed.

Results

Baseline demographics and clinical characteristics

of participants

This study analyzed a total of 749 participants diagnosed
with placenta previa. The baseline demographics and
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clinical characteristics of the study population are pre-
sented in Table 1.

Among the 749 enrolled patients, 52.20% (391/749;
95% CI 50.91-58.86) of the total patients were diag-
nosed with prenatal anemia. The occurrence of prenatal
anemia showed a gradual decline over the study period
(2014-2020, Fig. 1). The prenatal hemoglobin level of
the total patients was 10.87 +1.37 g/dL (mean + SD), with
9.82+0.85 g/dL in the anemia group and 12.01+0.82 g/
dL in the normal group (P<0.001).

Compared with the normal group, the prenatal anemia
group showed lower values of maternal age (31.02+4.72
vs 31.72+4.53 years, mean+SD), were more likely to
be from rural areas (56.77% vs 43.23), had no occupa-
tion (72.38% vs 64.25%), higher gravidity (>3, 76.21% vs
69.27%), were more likely to have a history of caesarean
Sect. (83.63% vs 76.26%), exhibited placental central loca-
tion, and were more likely to have partial placenta previa
(all P<0.05).

Comparison of obstetric blood transfusion-related
parameters in the prenatal anemia group and the normal
group

The median volume of intraoperative blood loss (1500 mL
vs. 1050 mL) in the anemia group was significantly higher
than that of the normal group (P<0.05). With respect to
obstetric blood transfusion-related parameters, placenta
previa patients with prenatal anemia had higher rates of
obstetric blood transfusion (79.54% vs. 44.41%), massive
blood transfusion (12.53% vs. 1.68%), and fresh plasma
transfusion (75.45% vs. 43.85%), more units of intraoper-
ative red blood cell transfusion (4.00 U vs. 0 U), and more
volume of fresh plasma transfusion (400.00 mL vs. 0 mL),
compared with placenta previa patients without prenatal
anemia (all P<0.05; Table 2).

Association of prenatal anemia with specific obstetric
blood transfusion-related parameters

Multivariate regression models were used to explore the
association of prenatal anemia with the above five obstet-
ric blood transfusion-related parameters that were signif-
icantly different between the two study groups (Table 3).
The adjusted models (model b and model c) showed a
significant correlation between prenatal anemia with
blood transfusion rate, massive blood transfusion rate,
intraoperative allogeneic red blood cell units, and fresh
plasma transfused volume. Unadjusted model (model a)
indicated that the obstetric blood transfusion rate (OR
4.87, 95% CI 3.53-6.72) and massive blood transfusion
rate (8.41, 95% CI 3.55-19.87) were significantly posi-
tively correlated with anemia. The values of non-adjusted
ORs were similar to that of the adjusted ORs.
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Table 1 Baseline demographics and clinical characteristics
Characteristics Total (n=749) Anemia (n=391) Normal (n=358) P value
Maternal age, mean+SD, years 31.36+4.64 31.02+4.72 31.72+453 0.041
Region® <0.001

Rural 495 281 (56.77%) 214 (43.23%)

Urban 253 110 (43.48%) 143 (56.52%)

Unknown 1 0 1(0.28%)
Occupation 0.019

No 513 (68.49%) 283 (72.38%) 230 (64.25%)

Yes 235(31.38%) 108 (27.62%) 127 (35.47%)

Unknown 1(0.13%) 0 1 (0.28%)
Body mass index, kg/m? 2849+392 28.23+4.05 28.76+3.76 0.067
Pregnancy complications 217 (28.97%) 103 (26.34%) 114 (31.84%) 0.097
Gestational age at delivery, weeks 3533+230 3506+241 3562+2.14 0.806
Gravidity 0.023

2 203 (27.10%) 93 (23.79%) 110 (30.73%)

3 193 (25.77%) 115 (29.41%) 78 (21.79%)

>4 353 (47.13%) 183 (46.80%) 170 (47.49%)
Parity 0.051

0 75 (10.01%) 31 (7.93%) 44 (12.29%)

1 480 (64.09%) 245 (62.66%) 235 (65.64%)

2 166 (22.16%) 99 (25.32%) 67 (18.72%)

>3 28 (3.74%) 16 (4.09%) 12 (3.35%)
Previous caesarean section 600 (80.11%) 327 (83.63%) 273 (76.26%) 0.012
Previous vaginal delivery 114 (15.22%) 55 (14.07%) 59 (16.48%) 0358
Uterine anomalies 479 (63.95%) 258 (65.98%) 221 (61.73%) 0.226
Assisted reproduction technology 34 (4.54%) 18 (4.60%) 16 (4.47%) 0.930
Emergency surgery 179 (23.90%) 100 (25.58%) 79 (22.07%) 0.261
Hemorrhage during pregnancy 468 (62.48%) 250 (63.94%) 218 (60.89%) 0.390
Multiple pregnancy 21 (2.80%) 15 (3.84%) 6 (1.68%) 0.074
Placental location 0.012

Posterior 166 (22.16%) 74 (9.88%) 92 (25.70%)

Lateral 49 (6.54%) 19 (2.54%) 30 (8.38%)

Anterior 131 (17.49%) 69 (17.65%) 62 (17.32%)

Central 399 (53.27%) 227 (58.06%) 172 (48.04%)

Unknown 4(0.53%) 2(0.51%) 2 (0.26%)
Placenta previa types 0.013

Low-lying 10 (1.34%) 4(1.02%) 6 (1.68%)

Marginal 111 (14.82%) 43 (11.00%) 68 (18.99%)

Partial 61 (8.14%) 36 (9.21%) 25 (6.98%)

Central 567 (75.70%) 308 (78.77%) 259 (72.35%)

Placenta accrete spectrum 693 (93.02%) 366 (94.09%) 327 (91.85%) 0.232
Fetal presentation 0.630

Cephalic 599 (80.08%) 318(81.33%) 281 (78.71%)

Breech 98 (13.10%) 47 (12.02%) 51 (14.29%)

Shoulder 51 (6.82%) 26 (6.65%) 25 (7.00%)

Unknown 1(0.13%) 0 1(0.28%)

Prenatal hemoglobin, g/dL 10.87£1.37 9.82+0.85 12.01+0.82 <0.001

Data are presented as mean = SD or n (%)

2The percentages were calculated using the total numbers 495 and 253 as the denominators for rural and urban, respectively
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Fig. 1 The prevalence of anemia in patients with placenta previa
over the study period from 2014 to 2020
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Non-linear relationship of prenatal hemoglobin level
with specific obstetric blood transfusion-related
parameters
A generalized additive model and smooth curve fitting were
employed to investigate the relationship between prena-
tal anemia and the above four obstetric blood transfusion-
related parameters that exhibited significant differences
between the two study groups (Fig. 2). Adjusting for region,
occupation, number of caesarean sections, uterine anoma-
lies, hemorrhage during pregnancy, emergency surgery, pla-
cental location, placenta previa types, and placenta accrete
spectrum, the prenatal hemoglobin level exhibited a non-
linear relationship with obstetric blood transfusion rate,
massive blood transfusion rate, intraoperative allogeneic red
blood cell units, and fresh plasma transfused volume.
Furthermore, a two-piecewise linear regression analy-
sis was conducted to identify the threshold effect of these
parameters. The analysis indicated that when the prena-
tal hemoglobin level was below 12 g/dL, prenatal hemo-
globin level was significantly negatively correlated with
obstetric blood transfusion rate (OR 0.37, 95% CI 0.30—
0.46), massive blood transfusion rate (OR 0.57, 95% CI

Table 2 Obstetric blood transfusion-related parameters between groups

Characteristics Total (n=749) Anemia (n=391) Normal (n=358) P value
Blood loss, mL 1200.00 (800.00-2200.00) 1500.00 (805.00-2600.00) 1050.00 (605.00-1600.00) <0.001
Obstetric blood transfusion rate 470 (62.75%) 311 (79.54%) 159 (44.41%) <0.001
Massive blood transfusion rate ® 55 (7.34%) 49 (12.53%) 6 (1.68%) <0.001
Red blood cell transfusion, U 2.00 (0.00-4.00) 4.00 (2.00-6.00) 0.00 (0.00-4.00) <0.001
Fresh plasma transfusion rate 452 (60.3%) 295 (75.45%) 157 (43.85%) <0.001
Fresh plasma transfusion, mL 400.00 (0.00-450.00) 400.00 (150.00-600.00) 0.00 (0.00-400.00) <0.001
Platelets transfused, U 0.00 (0.00-0.00) 0.00 (0.00-0.00) 0.00 (0.00-0.00) NA

Data are presented as median (IQR) or n (%)

@ Massive blood transfusion is defined as the transfusion of 10 units of packed red blood cells within a 24-h period

Table 3 Association between maternal anemia and maternal outcomes in patients with placenta previa

Outcomes Normal Anemia

OR/B (95% CI)? aOR/P (95% CI)® aOR/B (95% CI)¢
Blood transfusion rate 1.0 4.87(3.53,6.72) 498 (3.48,7.13) 4.89 (3.39,7.06)
Red blood cell transfusion units 0 2.72(2.21,3.23) 245 (1.94, 2.96) 2.29(1.80,2.77)
Massive blood transfusion rate 1.0 841 (3.55,19.87) 6.90 (2.88,16.51) 7.33(3.01,17.81)
Fresh plasma transfusion rate 1.0 3.93(2.88,537) 3.88(2.73,551) 391(2.72,5.62)
Fresh plasma transfusion volume 0 216.25 (166.09, 266.42) 181.76 (132.72, 230.79) 167.07 (120.98, 213.16)

Multivariable regression analyses were conducted to explore the correlation between anemia in patients with anterior placenta previa and intraoperative blood

product use

Abbreviations: OR odds ratio, C/ confidence interval

? Non-adjusted model

b Adjusted for age (continuous), region, occupation, BMI (continuous), type of placenta previa, placental location, placenta accrete spectrum

€ Adjusted for region, occupation, Number of caesarean sections, uterine anomalies (bicornuate uterus, adenomyosis, uterine fibroids or prior uterine surgery),
hemorrhage during pregnancy, emergency surgery, placental location, placenta previa types, and placenta accrete spectrum. Massive blood transfusion is defined as
the transfusion of 10 units of packed red blood cells within a 24-h period
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Fig. 2 Correlation between prenatal hemoglobin levels and intraoperative blood transfusion-related parameters A Blood transfusion rate.

B Massive blood transfusion rate. C Red blood cell transfusion units. D Fresh plasma transfused volume. The generalized additive model

with a spline smoothing function (penalized spline method) was conducted to explore the nonlinear relationship between the prenatal
hemoglobin level and intraoperative blood transfusion. The fitting curve is represented by solid dots, while the upper and lower 95% confidence

intervals are represented by imaginary dots

0.43-0.75), intraoperative allogeneic red blood cell units
(ap -1.18, 95% CI -1.41 to -0.95), and fresh plasma trans-
fused volume (ap -81.46, 95% CI -103.49 to -59.43). How-
ever, when the prenatal hemoglobin was greater than or
equal to 12 g/dL, no significant association was observed
between prenatal hemoglobin and obstetric blood trans-
fusion rate, massive blood transfusion rate, intraoperative
allogeneic red blood cell transfused units, or fresh plasma
transfused volume (Table 4).

Discussion

In our study, the prevalence of prenatal anemia in placenta
previa patients was found to be 52.20%, which was higher
compared with the prevalence reported in previous stud-
ies [24—26]. The high prevalence could be attributed to the
high risk of postpartum bleeding during pregnancy [27],
different levels of economic development, residence in
the rural area [24], and lower educational level among the
subjects. Our findings also showed that the prevalence of
prenatal anemia in patients with placenta previa decreased
from 59.02% in 2014 to 39.19% in 2020, which was con-
sistent with previous studies indicating a downward trend
in the prevalence of anemia in China from 2000 to 2019.
The results demonstrated that prenatal hemoglobin levels

were significantly correlated with the rate of intraoperative
allogeneic blood transfusion, rate of massive blood trans-
fusion, intraoperative allogeneic red blood cell units, and
fresh plasma transfused volume in patients with placenta
previa and a prenatal hemoglobin level of <12 g/dL. Future
studies are warranted to confirm our findings and investi-
gate the role of different interventions in improving preg-
nancy outcomes in this patient population.

Clinical risk factors such as type of placenta previa,
antepartum bleeding, placenta accrete spectrum, and
history of C-section are associated with adverse preg-
nancy outcomes in placenta previa patients [12, 23, 28,
29]. Our findings also indicated that prenatal anemia
was an independent risk factor for intraoperative allo-
geneic blood transfusion, massive blood transfusion,
intraoperative allogeneic red blood cell transfusion units,
and fresh plasma transfusion volume in placenta pre-
via patients, which is consistent with previous studies
[5, 27, 30]. Placenta previa patients with prenatal ane-
mia were associated with high volumes of intraopera-
tive blood loss compared with patients without anemia,
which may be due to their lower reserves of red blood
cells and increased risk for blood requirement, as shown
by our findings and previous studies [31]. The smooth
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Table 4 Association between the level of maternal preoperative hemoglobin and maternal outcomes based on two-piecewise linear

regression analysis

Effect size adjusted B/OR  95% Cl P P for the log-
likelihood ratio
test

Blood transfusion rate <0.001
Hemoglobin <12 g/dL 037 (0.30, 0.46) <0.0001
Hemoglobin>12 g/dL 1.03 (0.66, 1.60) 0.9093

Massive blood transfusion rate? 0.033
Hemoglobin < 12 g/dL 057 (0.43,0.75) <0.0001
Hemoglobin>12 g/dL 0.00 (0.00, Inf) 0.9847

Red blood cell transfusion units <0.001
Hemoglobin < 12 g/dL -1.18 (-141,-0.95) <0.0001
Hemoglobin>12 g/dL 0.04 (-0.56,0.63) 0.9062

Fresh plasma transfusion volume 0.039
Hemoglobin <12 g/dL -81.46 (-103.49,-59.43) <0.0001
Hemoglobin>12 g/dL -9.33 (-66.61,47.96) 0.7498

A two-piecewise linear regression model was used to examine the threshold effect of the prenatal hemoglobin level on intraoperative blood transfusion using a
smoothing function. Likelihood ratio tests were conducted to compare the one-line linear regression model with a two-piecewise linear model

Adjusted for region, occupation, number of caesarean sections, uterine anomalies (bicornuate uterus, adenomyosis, uterine fibroids or prior uterine surgery),
hemorrhage during pregnancy, emergency surgery, placental location, placenta previa types, and placenta accrete spectrum

Abbreviations: OR odds ratio, C/ confidence interval

@ Massive blood transfusion is defined as the transfusion of 10 units of packed red blood cells within a 24-h period

curve fitting and two-piecewise model indicated a signifi-
cant association between hemoglobin level and the risk
of intraoperative allogeneic blood transfusion, massive
transfusion, intraoperative allogeneic red blood cell vol-
ume, and fresh plasma transfused volume, after adjust-
ing for confounders in placenta previa patients. This
finding implies that timely treatment of prenatal anemia
is crucial for patients with placenta previa, and prospec-
tive multi-center studies should be conducted to further
explore the causal relationship between prenatal hemo-
globin level and pregnancy outcomes.

The present study had some limitations that need to be
acknowledged. Firstly, it was a single-center retrospec-
tive analysis, which may have led to bias and one-sided-
ness of the findings. Secondly, several uterotonic agents,
including tranexamic acid, and surgical approaches
such as bilateral uterine artery ligation, B-lynch sutures,
focal sutures, and cervical pull sutures were not used
for adjustment factor, which might have underestimated
the association between prenatal hemoglobin levels
and intraoperative allogeneic red blood cell transfusion.
Nonetheless, target independent variables were used as
continuous variables, thereby enhancing the robustness
of our results.

Our study findings have profound implications for the
clinical management of placenta previa patients. Spe-
cifically, for pregnant women facing the dual challenge
of placenta previa and anemia, there is a compelling
emphasis on the necessity of early blood transfusion

during pregnancy. This proactive measure aims to miti-
gate risks associated with antenatal anemia, ultimately
enhancing overall pregnancy outcomes. Additionally,
our results underscore the need for healthcare cent-
ers to adopt a proactive approach by establishing dedi-
cated and robust blood transfusion backup for patients
navigating the complexities of placenta previa and ane-
mia. Furthermore, we emphasize the importance of
promoting antenatal awareness, empowering patients
to recognize and address anemia and placenta previa
complications promptly. This increased awareness facil-
itates early intervention, allowing healthcare provid-
ers to manage these conditions more effectively during
delivery, thereby lowering the risk of postpartum hem-
orrhage. The proposed prevention measures, including
routine iron supplementation, early anemia screen-
ings, and educational programs, align with successful
interventions in managing pregnancy-related anemia,
offering a feasible strategy to reduce the prevalence of
prenatal anemia and associated complications in pla-
centa previa patients.

Acknowledgements
We thank all subjects and their families for participating in this study.

Authors’ contributions

Conceptualization: Wenli Wang and Xianghua Huang. Data curation: Baolian
Zhang, Hong Liu, Haiyan Li, Jia Wang, and Peijia Yu. Methodology: Baolian
Zhang, Hong Liu and Jia Wang. Visualization: Baolian Zhang, Jia Wang, Peijia Yu.
Writing — original draft: Wenli Wang and Xianghua Huang. Writing - review &
editing: all authors.



Zhang et al. BMC Pregnancy and Childbirth (2024) 24:92

Funding
This study was supported by Scientific Research Fund Project of The Second
Hospital of Hebei Medical University (Grant number: 2h2019058).

Availability of data and materials
The data that support the findings of this study are available from the cor-
responding author upon reasonable request.

Declarations

Ethics approval and consent to participate

This study was conducted according to the Declaration of Helsinki. This retro-
spective study was approved by the Ethics Committee of the Second Hospital
of Hebei Medical University (approval No. 2019-R085). The requirement for
informed consent was waived off by the Ethics Committee of the Second
Hospital of Hebei Medical University.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 2 June 2023 Accepted: 17 January 2024
Published online: 30 January 2024

References

1. Chattopadhyay SK, Kharif H, Sherbeeni MM. Placenta praevia and accreta
after previous caesarean section. Eur J Obstet Gynecol Reprod Biol.
1993;52(3):151-6.

2. Keag OE, Norman JE, Stock SJ. Long-term risks and benefits associated
with cesarean delivery for mother, baby, and subsequent pregnancies:
Systematic review and meta-analysis. PLoS Med. 2018;15(1): €1002494.

3. Jauniaux E, Alfirevic Z, Bhide AG, et al. Placenta Praevia and Placenta

Accreta: Diagnosis and Management: Green-top Guideline No. 27a. BJOG.

2019;126(1):e1-48.

4. MaedaY, Ogawa K, Morisaki N, Tachibana Y, Horikawa R, Sago H.
Association between perinatal anemia and postpartum depression: A
prospective cohort study of Japanese women. Int J Gynaecol Obstet.
2020;148(1):48-52.

5. Smith C, Teng F, Branch E, Chu S, Joseph KS. Maternal and Perinatal
Morbidity and Mortality Associated With Anemia in Pregnancy. Obstet
Gynecol. 2019;134(6):1234-44.

6. Beckert RH, Baer RJ, Anderson JG, Jelliffe-Pawlowski LL, Rogers EE.
Maternal anemia and pregnancy outcomes: a population-based study. J
Perinatol. 2019;39(7):911-9.

7. Soltan MH, Ibrahim EM, Tawfek M, Hassan H, Farag F. Raised nitric oxide
levels may cause atonic postpartum hemorrhage in women with anemia
during pregnancy. Int J Gynaecol Obstet. 2012;116(2):143-7.

8. Harrison RK, Lauhon SR, Colvin ZA, McIntosh JJ. Maternal anemia and
severe maternal morbidity in a US cohort. Am J Obstet Gynecol MFM.
2021;3(5): 100395.

9. Gibbins KJ, Einerson BD, Varner MW, Silver RM. Placenta previa and
maternal hemorrhagic morbidity. J Matern Fetal Neonatal Med.
2018;31(4):494-9.

10. Yu L, HuKJ, Yang HX. A retrospective analysis on the pernicious
placenta previa from 2008 to 2014. Zhonghua Fu Chan Ke Za Zhi.
2016;51(3):169-73.

11. Levin G, Rottenstreich A, llan H, Cahan T, Tsur A, Meyer R. Predictors of
adverse neonatal outcome in pregnancies complicated by placenta
previa. Placenta. 2021;104:119-23.

12. BiS, Zhang L, Wang Z, et al. Effect of types of placenta previa on maternal
and neonatal outcomes: a 10-year retrospective cohort study. Arch
Gynecol Obstet. 2021;304(1):65-72.

13. Hou, Zhou X, Shi L, Peng J, Wang S. Influence factors and pregnancy
outcomes for pernicious placenta previa with placenta accreta. Zhong
Nan Da Xue Xue Bao Yi Xue Ban. 2020;45(9):1074-81.

Page 8 of 8

14. ShiH, Chen L, Wang, et al. Severity of Anemia During Pregnancy and
Adverse Maternal and Fetal Outcomes. JAMA Netw Open. 2022;5(2):
e2147046.

15. Tunkyi K, Moodley J. Anemia and pregnancy outcomes: a longitudinal
study. J Matern Fetal Neonatal Med. 2018;31(19):2594-8.

16. Reveiz L, Gyte GM, Cuervo LG. Treatments for iron-deficiency anaemia in
pregnancy. Cochrane Database Syst Rev. 2007;(2):CD003094. https://www.
cochranelibrary.com/cdsr/doi/10.1002/14651858.CD003094.pub2/full.

17. Obstetrics Subgroup CSoO, Gynecology CMA. [Guidelines for the diagno-
sis and management of placenta previa (2020)]. Zhonghua Fu Chan Ke Za
Zhi. 2020;55(1):3-8.

18. World Health Organization. Haemoglobin concentrations for the diag-
nosis of anaemia and assessment of severity. 2011. https://www.who.int/
publications/i/item/WHO-NMH-NHD-MNM-11.1. Accessed 22 Nov 2023.

19. Reddy UM, Abuhamad AZ, Levine D, Saade GR, Fetal Imaging Workshop
Invited P. Fetal imaging. Executive summary of a Joint Eunice Kennedy
Shriver National Institute of Child Health and Human Development,
Society for Maternal-Fetal Medicine, American Institute of Ultrasound in
Medicine, American College of Obstetricians and Gynecologists, Ameri-
can College of Radiology, Society for Pediatric Radiology, and Society of
Radiologists in Ultrasound Fetal Imaging Workshop. Am J Obstet Gynecol.
2014,210(5):387-97.

20. Vandenbroucke JP, von Elm E, Altman DG, et al. Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE): explana-
tion and elaboration. Int J Surg. 2014;12(12):1500-24.

21. Kang J, Kim HS, Lee EB, et al. Prediction Model for Massive Transfu-
sion in Placenta Previa during Cesarean Section. Yonsei Med J.
2020,61(2):154-60.

22. HuJ,Yu ZP,Wang P, Shi CY, Yang HX. Clinical Analysis of Postpartum Hem-
orrhage Requiring Massive Transfusions at a Tertiary Center. Chin Med J
(Engl). 2017;130(5):581-5.

23. Jing L, Wei G, Mengfan S, Yanyan H. Effect of site of placentation on preg-
nancy outcomes in patients with placenta previa. PLoS ONE. 2018;13(7):
e0200252.

24. Lin L, WeiY, Zhu W, et al. Prevalence, risk factors and associated adverse
pregnancy outcomes of anaemia in Chinese pregnant women: a multi-
centre retrospective study. BMC Pregnancy Childbirth. 2018;18(1):111.

25. Peil, Ren L, Wang D, Yan H. Assessment of maternal anemia in rural
Western China between 2001 and 2005: a two-level logistic regression
approach. BMC Public Health. 2013;13:366.

26. SunY, Shen ZZ,Huang FL, et al. Association of gestational anemia with
pregnancy conditions and outcomes: A nested case-control study. World
J Clin Cases. 2021;9(27):8008-19.

27. Rukuni R, Bhattacharya S, Murphy MF, Roberts D, Stanworth SJ, Knight
M. Maternal and neonatal outcomes of antenatal anemia in a Scottish
population: a retrospective cohort study. Acta Obstet Gynecol Scand.
2016;95(5):555-64.

28. Altraigey A, Ellaithy M, Barakat E, Majeed A. Cervical length should be
measured for women with placenta previa: cohort study. J Matern Fetal
Neonatal Med. 2021;34(13):2124-31.

29. Lyu B, Chen M, Liu XX. Risk factors of peripartum hysterectomy in pla-
centa previa: a retrospective study of 3 840 cases. Zhonghua Fu Chan Ke
Za Zhi. 2016,51(7):498-502.

30. Guignard J, Deneux-Tharaux C, Seco A, et al. Gestational anaemia and
severe acute maternal morbidity: a population-based study. Anaesthesia.
2021,76(1):61-71.

31. LiuCN,Yu FB, Xu'YZ, et al. Prevalence and risk factors of severe post-
partum hemorrhage: a retrospective cohort study. BMC Pregnancy
Childbirth. 2021;21(1):332.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD003094.pub2/full
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD003094.pub2/full
https://www.who.int/publications/i/item/WHO-NMH-NHD-MNM-11.1
https://www.who.int/publications/i/item/WHO-NMH-NHD-MNM-11.1

	Obstetric blood transfusion in placenta previa patients with prenatal anemia: a retrospective study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Participants and study design
	Procedures
	Assessments
	Statistical analysis

	Results
	Baseline demographics and clinical characteristics of participants
	Comparison of obstetric blood transfusion-related parameters in the prenatal anemia group and the normal group
	Association of prenatal anemia with specific obstetric blood transfusion-related parameters
	Non-linear relationship of prenatal hemoglobin level with specific obstetric blood transfusion-related parameters

	Discussion
	Acknowledgements
	References


