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Assessing maternal and perinatal
complication incidence in
pregnant patients with sickle
cell disease: a retrospective
analysis of transfusion therapy
at a tertiary care hospital
Ram Prakash Thirugnanasambandam1* and John Muthu2

1Department of Internal Medicine, SUNY Downstate Health Sciences University, Brooklyn,
NY, United States, 2Department of Adult Sickle Cell Practice, NYC Health+ Hospitals/Kings County,
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Background: Pregnant individuals with sickle cell disease (SCD) face high

maternal and fetal complication rates. While some studies suggest transfusions

may improve outcomes, evidence is limited. This study analyzed maternal and

fetal complications in pregnant SCD patients of different genotypes who

received transfusions.

Methods: We performed a retrospective review of medical records at New York

City Health and Hospitals/Kings County over nine years (2015–2024), including

all pregnant patients with SCD (N=42). Maternal and fetal complications were

analyzed based on genotype, hemoglobin levels, age, and race

Results: Patients with homozygous sickle cell disease (HbSS) comprised 69% of

the cohort, with most HbSS patients over 35 years old. Baseline hemoglobin

levels were 7.2 g/dl for HbSS, 9.5 g/dl for HbSC, and 7.0 g/dl for HbS Beta+

thalassemia. Transfusion needs were highest in HbSS patients (72.4%) compared

to HbSC (44.4%) and HbS Beta+ thalassemia (25%) but were not statistically

significant. Obstetric complications such as pre-eclampsia (20.7%) and

postpartum hemorrhage (17.2%) were more common in HbSS patients but

without statistical significance. Fetal complications included intrauterine

growth restriction (6.9%) in HbSS patients and fetal distress (22.2%) in HbSC

patients with no significant differences. Comparing transfused and non-

transfused HbSS patients, transfused patients had lower hemoglobin levels and

more vaso-occlusive episodes. However, obstetric and fetal complications were

similar in both groups.
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Conclusion: Despite transfusions, HbSS patients experienced more

complications. A personalized, evidence-based approach is needed for

managing SCD pregnancies, focusing on transfusion timing, comorbidities, and

fetal monitoring.
KEYWORDS

maternal sickle cell complications, maternal obstetric and perinatal complications,
HbSS, retrospective analyses, sickle cell disease
1 Introduction

Globally, the population of individuals living with sickle cell

disease (SCD) has notably increased, rising by more than 41% (from

5.46 million in 2000 to 7.74 million in 2021), with many

reaching reproductive age (1). Despite advancements in medical

care, maternal and perinatal mortality rates among pregnant

individuals with SCD remain disproportionately high (2).

Optimal management of SCD during pregnancy necessitates

specialized obstetric and hematology care, yet outcomes vary

depending on the availability of resources and expertise (3). It is

imperative to acknowledge the critical role of a team of healthcare

providers, which includes experts in SCD management and experts

in high-risk obstetric care, to ensure favorable pregnancy outcomes

for individuals with SCD (4).

Red blood cell (RBC) transfusions are integral in managing

severe anemia and acute sickle cell complications and mitigating

adverse perinatal outcomes such as low birth weight and small for

gestational age infants (5). However, the benefits of RBC

transfusions must be carefully weighed against potential risks,

including alloimmunization and iron overload (6). Previous

research, including a randomized controlled trial and a

retrospective study, yielded inconclusive results regarding the

efficacy of prophylactic RBC transfusions in reducing maternal

and perinatal mortality rates among pregnant individuals with

SCD (7, 8). The need for a large-scale randomized controlled trial

to assess the benefits of prophylactic transfusions in this population

has been addressed by the TAPS-2 study (9).This feasibility trial

assessed serial prophylactic exchange blood transfusion (SPEBT)

versus standard care in pregnant women with SCD. While no

statistically significant differences were observed in maternal,

infant, and postnatal outcomes, trends suggested a lower

incidence of vaso-occlusive crises, preterm delivery, and improved

birthweight in the intervention group (9). Similarly, a systematic

review and meta-analysis by AlMoshary et al. demonstrated that

prophylactic blood transfusion during pregnancy in women with

SCD reduced vaso-occlusive crises, pulmonary complications,

perinatal mortality, and preterm births in the prophylactic
02
transfusion group compared to controls, underscoring its

potential to improve maternal and fetal outcomes (10).

While existing evidence suggests a potential association between

prophylactic transfusions and improved maternal and perinatal

outcomes, the limited number of studies and methodological

constraints necessitate further investigation (5, 8). Considering

these findings, this study attempted to retrospectively analyze the

incidence of maternal and perinatal complications among both

transfused and non-transfused pregnant patients of different sickle

genotypes, thereby aiming to contribute to a deeper understanding

of the optimal management strategies for pregnant individuals

with SCD.
2 Materials and methods

2.1 Study design and population

A retrospective analysis was conducted of medical records from

NYC Health and Hospitals/Kings County to identify pregnant

patients diagnosed with sickle cell disease between January 1, 2015,

and January 1, 2024. Access to patient medical records was facilitated

through EPIC and Quadramed software. While efforts were made to

ensure the completeness of data, it is acknowledged that some women

may have received care at other institutions, which could include pre-

conception visits, certain aspects of antenatal care, or delivery. This

limitation is inherent to retrospective analyses and underscores the

potential for fragmented care outside the study center.

This study did not include a formal sample size justification or

power analysis due to its retrospective nature and reliance on the

available patient population over the study period. We recognize

that the small sample size may limit the statistical power to detect

significant differences for certain parameters. Despite these

limitations, the study provides exploratory insights into maternal

and perinatal complications in patients with sickle cell disease.

Future prospective studies with larger cohorts and formal power

analyses are warranted to validate these findings.
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2.2 Inclusion criteria

The analysis includes all pregnant patients diagnosed with sickle

cell disease and receiving care at NYC Health and Hospitals/Kings

County during the specified study period.
2.3 Data collection

2.3.1 General details
Demographic information was extracted, including age,

ethnicity, and relevant medical history, from the medical records

of eligible patients. Race was recorded based on self-reported

information documented in the patient’s medical records. This

approach aligns with standard practices at our institution to

ensure accuracy and reflect the patient’s own identification.

Additionally, data on sickle cell genotype, mean hemoglobin

levels at baseline and averaged throughout pregnancy, along with

the presence of comorbidities such as diabetes mellitus,

hypertension, pre-eclampsia/eclampsia, and hyperlipidemia, were

recorded. Sickle cell genotypes were confirmed using hemoglobin

electrophoresis, the diagnostic standard at our institution. This

method allowed for the identification of abnormal hemoglobin

patterns and the classification of patients into HbSS, HbSC, and

HbS beta+ thalassemia groups based on their electrophoretic

profiles. No patients with S/beta thalassemia 0 were identified in

this cohort. In this study, HbSS refers to the genotype with

homozygous sickle hemoglobin, which is the underlying genetic

basis for sickle cell disease. Vaso-occlusive crises (VOC) were

defined as episodes of acute pain severe enough to require

medical evaluation and documented as VOC in the medical

record, with or without hospital admission.

Hemoglobin values were calculated using all available

laboratory results documented in the medical records. For

‘baseline hemoglobin,’ values were obtained from pre-pregnancy

or the first trimester. For ‘hemoglobin during pregnancy,’ values

were averaged from all documented hemoglobin measurements

during the second and third trimesters. Transfusion timing and

frequency were analyzed by reviewing patient records for evidence

of transfusion during pregnancy. However, the number of

transfusions per patient, detailed categorization of transfusion

timing (e.g., pre-pregnancy, during pregnancy, or postpartum),

and the nature of transfusions (e.g., sporadic or scheduled) were

not systematically evaluated. This limitation is due to the

retrospective nature of the study and the possibility that some

women may have received care at other institutions outside the

NYC Health and Hospitals system, which affected our ability to

collect comprehensive data beyond our system.
2.3.2 Definition of maternal and fetal
complications
Fron
• Hypertension: Systolic blood pressure ≥140 mmHg and/or

diastolic blood pressure ≥90 mmHg on two separate

occasions at least four hours apart.
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• Pre-eclampsia/Eclampsia: Pre-eclampsia was defined as

hypertension with proteinuria (≥300 mg/24 hours) or

evidence of end-organ dysfunction. Eclampsia was defined

as the occurrence of seizures in a patient with pre-eclampsia.

• Fetal Distress: Abnormal fetal heart rate patterns requiring

clinical intervention, such as late decelerations or

reduced variability.

• Preterm Delivery: Delivery before 37 completed weeks

of gestation.

• Postpartum Hemorrhage: Blood loss ≥500 mL after vaginal

delivery or ≥1000 mL after cesarean delivery.

• Intrauterine Growth Restriction (IUGR): Fetal weight

below the 10th percentile for gestational age, determined

via ultrasonography.
2.4 Statistical analysis

The majority of the data are expressed as n (%). Normality

testing (D’Agostino & Pearson omnibus normality test) was

performed on all data sets. A comparison of groups was

performed by Student’s t-test (two-tailed) when data passed the

normality testing and by Mann-Whitney test if data did not pass the

normality testing. Experiments with more than 2 groups were

analyzed using a 1-way ANOVA or Kruskal-Wallis test with

Bonferroni posttests analysis. P-values were reported to indicate

the statistical significance of findings, with a threshold set at p<0.05

for determining significance. All analyses were performed using

GraphPad Prism Software (Version 5.0h).

Given the relatively small sample size of this study, there is an

increased risk of Type II errors, meaning that some associations

may not have reached statistical significance despite potential

clinical relevance. A larger dataset with greater statistical power

could better differentiate significant differences among transfusion

subgroups and maternal-fetal outcomes. Future studies with larger

cohorts are warranted to more robustly assess these relationships

and minimize the likelihood of false-negative results.

3 Results

This study included a predominance of patients with

homozygous sickle cell disease (HbSS), constituting 69% of the

study population. The majority (66%) of these patients were above

35 years of age (Table 1). The mean baseline hemoglobin levels were

consistently lower in the HbSS group at approximately 7.0 g/dl

(Table 2), which remained relatively constant throughout their

pregnancy for the vast majority. In comparison, patients with

heterozygous sickle genotypes (HbSC and HbS Beta+ thalassemia)

showed higher than mean baseline hemoglobin levels of

approximately 9.5 g/dl and approximately 7.0 g/dl respectively,

which averaged around 8.0g/dl during pregnancy, though the

differences were not statistically significant.

The need for blood transfusions during pregnancy was highest

among HbSS patients, with 72.4% receiving transfusions (Table 2).
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This was in contrast to 44.% of HbSC patients and 25% of HbS Beta

+ thalassemia patients, highlighting the varying medical needs and

interventions required by different groups.These differences were

not statistically significant (p = 0.092). Due to the retrospective

nature of the study, we were unable to distinguish between patients

receiving scheduled prophylactic exchanges and those receiving

transfusions for pregnancy-related complications, limiting the

interpretation of these findings.

Obstetric complications were more prevalent among HbSS

patients compared to other genotypes. However, these differences

did not achieve statistical significance unless otherwise noted. Pre-

eclampsia was observed exclusively in the HbSS genotype (21%),

while the HbSC and HbS Beta+ thalassemia groups had no cases.

The incidence of postpartum hemorrhage was higher among HbSC

patients (44%) compared to HbSS patients (17%), while none of the

HbS Beta+ thalassemia patients experienced this complication;

however, this difference was not statistically significant (p =

0.127). Cesarean section was frequent across all groups, having

been conducted among 55% of HbSS, 56% of HbSC, and 50% of

HbS Beta+ thalassemia patients, with no statistically significant

differences. Miscarriages occurred in 10% of HbSS patients as

compared to 11% of HbSC patients, while none were noted

among HbS Beta+ thalassemia patients, though these differences

were not statistically significant. While the majority of the obstetric

complications among the three genotypes did not attain any

statistical significance, placenta previa had a statistical significance

with p=0.025 and was found among 22% of HbSC patients and 25%

of the HbS Beta+ thalassemia patients.

Fetal complications also varied among the genotypes. The

incidence of Intrauterine growth retardation (IUGR) was

predominantly noted in HbSS patients (7%) These differences

were not statistically significant (p = 0.412). Fetal distress was

more prevalent in HbSC patients (22%) compared to HbSS

patients (3%) and none in HbS Beta+ thalassemia patients,

though this result did not reach statistical significance (p =

0.143). Intrauterine fetal death was more frequent among HbSC

patients (22%) compared to HbSS patients (3%), while none was

observed among HbS Beta+ thalassemia patients; however, this
Frontiers in Hematology 04
difference was not statistically significant (p = 0.143). The incidence

of breech presentation was higher among HbS Beta+ thalassemia

patients (25%), compared to other groups, with a p-value of 0.006,

which may be interpreted as near significant.

Vaso-occlusive episodes during pregnancy occurred in 29% of

all patients, with varying incidence among different genotypes.

Among HbSS patients, 34% experienced vaso-occlusive episodes,

compared to 11% of HbSC patients and 25% of HbS Beta+

thalassemia patients though this difference was not statistically

significant (p = 0.412). The comparative analysis between HbSS

patients who received transfusions and those who did not receive

transfusions (Table 3) reveals several key insights. While the mean

age of both cohorts was similar, transfused patients exhibited lower

hemoglobin levels during pregnancy compared to non-transfused

patients. Obstetric complications such as miscarriage, pre-

eclampsia, and cesarean section were comparable between the two

groups, with no statistically significant differences. Additionally,

fetal complications, including IUGR and fetal distress, were more

prevalent in the transfused groups, though not statistically

significant. Notably, transfused patients have a significantly higher

rate of VOC compared to non-transfused patients (p=0.015),

indicating a potential association between VOC and transfusions.
4 Discussion

Sickle cell disease (SCD) affects approximately 100,000

individuals in the USA, resulting from a mutation in the beta
globin gene that leads to sickle hemoglobin production (11). In the

U.S., the majority of individuals who have sickle cell disease are of

black descent (12). The New York State Department of Health

estimates that approximately 150-200 babies are diagnosed with

sickle cell each year, with an incidence of approximately 1 in 500

live births among Black or African American infants (13). The

population presented here, as depicted in Table 1, comprises

exclusively women of black descent from an underserved area of

Central Brooklyn. This population was further categorized into

different age groups and genotypes.
TABLE 1 General demographics classified by genotype.

Characteristic Hemoglobin SS N (%) Hemoglobin SC N (%) Hemoglobin S Beta+Thalassemia N (%) p-value

Race

Black 29 (100%) 9 (100%) 4 (100%)

Mean Age (Range) 37 (24, 47) 38 (30, 47) 41 (33, 49) 0.413

Age

24-30 2 (6.9%) 1 (11.1%) 0 (0%) 0.783

31-35 8 (27.6%) 4 (44.4%) 1 (25%) 0.629

36-40 10 (34.5%) 0 (0%) 1 (25%) 0.126

41-45 7 (24.1%) 2 (22.2%) 1 (25%) 0.992

46-50 2 (6.9%) 2 (22.2%) 1 (25%) 0.340
Bold values – Statistically significant values.
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This retrospective analysis highlights significant disparities in

maternal and fetal outcomes among different sickle cell genotypes,

emphasizing the need for tailored management strategies for each

group. Patients with homozygous sickle cell disease (HbSS)

exhibited the highest rates of severe obstetric complications, such

as pre-eclampsia and postpartum hemorrhage, which may increase

the need for blood transfusions to manage these complications. A

previous study also reported that women with sickle cell disease

have a higher prevalence of pregnancy-related complications,

including pre-eclampsia and postpartum hemorrhage, even

compared to women with other chronic conditions associated

with multi-organ failure (14).In contrast, the HbSC subgroup was

associated with a higher incidence of fetal complications, such as

fetal distress and intrauterine fetal death, underscoring the
Frontiers in Hematology 05
importance of genotype-specific management strategies to

optimize maternal and fetal outcomes.

Variability in mean hemoglobin levels among different sickle

cell genotypes reflects the diverse pathophysiological mechanisms

underlying anemia in SCD. While baseline levels differed among

HbSS (7.2g/dl), HbSC (9.5g/dl), and HbS Beta+ thalassemia (7.0g/

dl) patients, these differences were not statistically significant. This

variability reflects the diverse pathophysiological mechanisms

underlying anemia in SCD, including chronic hemolysis,

hypersplenism with splenic enlargement, low erythropoietin level

secondary to renal impairment, and delayed hemolytic transfusion

reactions (15). During pregnancy, mean hemoglobin increased

from 7.2 g/dl to 8.0 g/dl for patients with HbSS disease,

decreasing to 8.0 g/dl from 9.5g/dl among HbSC and increasing
TABLE 2 Maternal sickle cell/obstetric and perinatal complications classified by genotype.

Characteristic Total Hemoglobin SS
patients (29) N (%)

Total Hemoglobin SC
patients (9) N (%)

Total Hemoglobin S Beta
+Thalassemia patients (4) N (%)

p-value

Hemoglobin

Mean Baseline
Hemoglobin (g/dl)

7.2 9.5 7.0 NA

Mean Hemoglobin in
Pregnancy (g/dl)

8.0 7.9 8.2 0.973

Blood Transfusions

No. of patients who
received transfusions

21 (72.4%) 4 (44.4%) 1 (25%) 0.092

Obstetric Complications

Miscarriage 3 (10.3%) 1 (11.1%) 0 (0%) 0.803

Pre-eclampsia 6 (20.7%) 0 (0%) 0 (0%) 0.220

Gestational DM 1 (3.4%) 0 (0%) 0 (0%) 0.807

Preterm delivery 1 (3.4%) 0 (0%) 0 (0%) 0.807

Abruptio Placentae 0 (0%) 1 (11.1%) 0 (0%) 0.161

Placenta previa 0 (0%) 2 (22.2%) 1 (25%) 0.025

C-section 16 (55.2%) 5 (55.6%) 2 (50%) 0.981

Postpartum Hemorrhage 5 (17.2%) 4 (44.4%) 0 (0%) 0.127

Chorioamnionitis 4 (13.8%) 0 (0%) 0 (0%) 0.390

Fetal Complications

IUGR 2 (6.9%) 0 (0%) 0 (0%) 0.412

Fetal macrosomia 0 (0%) 1 (11.1%) 0 (0%) 0.161

Breech presentation 0 (0%) 0 (0%) 1 (25%) 0.006

Fetal distress 1 (3.4%) 2 (22.2%) 0 (0%) 0.143

Intrauterine fetal death 1 (3.4%) 2 (22.2%) 0 (0%) 0.143

Sickle Cell Complications

VOC 10 (34.5%) 1 (11.1%) 1 (25%) 0.412

PE in pregnancy 1 (3.4%) 0 (0%) 0 (0%) 0.807
fro
NA, Not Applicable due to limited number of patients in the datasets; DM, Diabetes Mellitus; C- section, Caesarean section; IUGR, Intra-Uterine Growth Retardation; VOC, Vaso Occlusive
Crisis; PE, Pulmonary Embolism.
Bold values – Statistically significant values.
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to 8.0 g/dl from 7.0 g/dl in the HbS Beta+ thalassemia patient

population, with no statistically significant differences. These

hemoglobin changes likely reflect the severity of the disease

among the different SCD genotypes, with more severe disease

necessitating higher transfusion requirements, compounded by

physiological anemia of pregnancy (16).

Additionally, patients with HbSS exhibited the highest number

of transfusions, with 72.4% receiving transfusions throughout

pregnancy, compared to 44.4% in the HbSC subgroup and 25% in

the HbS Beta+ thalassemia subgroup, though these differences were

not statistically significant. Prophylactic RBC transfusions are often

recommended to mitigate complications of severe anemia and to

reduce sickling in both maternal and placental circulation, thereby

enhancing blood flow and oxygenation (17). While prophylactic

transfusions have demonstrated benefits in preventing strokes and

aiding preoperative preparation for a caesarian section in SCD (18),
Frontiers in Hematology 06
their broader use is constrained by risks such as transfusion

reactions, alloimmunization, infections, and iron overload (19). A

more detailed investigation into transfusion timing (pre-pregnancy

versus during pregnancy) could provide critical insights into

optimizing outcomes. However, our study was limited by the

inability to systematically distinguish between prophylactic and

reactive transfusions or to categorize them based on timing (pre-

pregnancy, antenatal, peripartum, or postpartum). Future studies

should aim to incorporate structured transfusion data to better

assess the impact of timing and indication on maternal and fetal

outcomes. Evidence suggests that transfusion timing may influence

placental blood flow, oxygenation, and fetal development, but data

are limited. Studies such as those by Koshy et al. (6) and Malinowski

et al. (8) indicate that carefully timed transfusions could potentially

reduce complications, including vaso-occlusive crises (VOC) and

pre-eclampsia. Prospective, multicenter trials focusing on the
frontiersin.or
TABLE 3 Comparative analysis of Maternal sickle cell/obstetric and perinatal complications in Hemoglobin SS patients: Transfused versus Non-
Transfused cohorts.

Characteristic Total Hemoglobin SS patients who
were transfused (21) N (%)

Total Hemoglobin SS patients who
were not transfused (8) N (%)

p-value

Mean Age 37 37 0.980

Hemoglobin

Mean Baseline Hemoglobin (g/dl) 7.1 7.8 0.460

Mean Hemoglobin in Pregnancy (g/dl) 7.7 9.6 0.973

Obstetric Complications

Miscarriage 1 (4.8%) 2 (25%) 0.127

Pre-eclampsia 5 (23.8%) 1 (12.5%) 0.532

Gestational DM 1 (4.8%) 0 (0%) 0.547

Preterm delivery 1 (4.8%) 0 (0%) 0.547

Abruptio Placentae 0 (0%) 0 (0%) NA

Placenta previa 0 (0%) 0 (0%) NA

C-section 12 (57.1%) 4 (50%) 0.756

Postpartum Hemorrhage 5 (23.8%) 0 (0%) 0.138

Chorioamnionitis 3 (14.3%) 1 (12.5%) 0.935

Fetal Complications

IUGR 2 (9.5%) 0 (0%) 0.383

Fetal macrosomia 0 (0%) 0 (0%)

Breech presentation 0 (0%) 0 (0%)

Fetal distress 1 (4.8%) 0 (0%) 0.547

Intrauterine fetal death 1 (4.8%) 0 (0%) 0.547

Sickle Cell Complications

VOC 10 (47.6%) 0 (0%) 0.015

PE in pregnancy 1 (4.8%) 0 (0%) 0.547
NA, Not Applicable; DM, Diabetes Mellitus; C- section, Caesarean section; IUGR, Intra-Uterine Growth Retardation; VOC, Vaso Occlusive Crisis; PE, Pulmonary Embolism.
Bold values – Statistically significant values.
g

https://doi.org/10.3389/frhem.2025.1549241
https://www.frontiersin.org/journals/hematology
https://www.frontiersin.org


Thirugnanasambandam and Muthu 10.3389/frhem.2025.1549241
temporal aspects of transfusion are essential to refine clinical

guidelines and enhance care for pregnant women with SCD.

Additionally, transfusion-related complications such as iron

overload and alloimmunization pose significant challenges that

could further exacerbate maternal and fetal outcomes. Iron

overload has been associated with organ dysfunction, while

alloimmunization increases the risk of hemolytic disease in future

pregnancies (20, 21). Studies assessing the impact of prophylactic

transfusions on pregnancy outcomes in SCD have yielded

inconsistent findings, underscoring the need for further research

in this area (9, 22–24).

Pregnancy in SCD is characterized by a heightened risk of

obstetric complications, with pre-eclampsia, eclampsia, and

Gestational Diabetes Mellitus (GDM) among the most prevalent

maternal complications (25, 26). Chronic hypertension in SCD

patients has been associated with higher rates of pre-eclampsia and

adverse fetal outcomes (25).Similarly, diabetes can impair placental

function and fetal growth, further increasing the risk of poor

pregnancy outcomes (27). These studies highlight the significant

interplay between these comorbidities and pregnancy outcomes,

emphasizing the need for a multidisciplinary approach to care.

Additionally, placental abnormalities, particularly maternal

vascular malperfusion (MVM), have been reported in 40% of

SCD pregnancies, with strong associations to adverse pregnancy

outcomes such as preterm birth, small for gestational age infants,

and stillbirth (28). These studies highlight the significant interplay

between these comorbidities and pregnancy outcomes, emphasizing

the need for a multidisciplinary approach to care. While

comorbidities such as hypertension and diabetes likely influence

maternal and fetal outcomes in our study population, we did not

perform subgroup comparisons between patients with and without

comorbid conditions due to the small sample size. Future studies

with larger cohorts should aim to stratify patients based on

comorbidities to better delineate their impact on pregnancy

outcomes in individuals with SCD.

Our study, as depicted in Table 2, reveals a higher incidence of

preeclampsia and GDM among HbSS patients compared to those

with HbSC and HbS beta+ thalassemia genotypes, though these

differences were not statistically significant. Additionally,

placental complications such as abruptio placentae and placenta

previa were observed in patients with HbSC and HbS beta+

thalassemia, with statistical significance seen for the incidence of

placenta previa alone (p=0.025). The incorporation of placental

pathology findings highlights the need for further research into

therapies aimed at improving placental function and mitigating

vascular complications in this population. Although the exact

mechanisms by which SCD impacts placental physiology remain

elusive, factors such as red cell sickling, endothelial damage,

vascular occlusion, and inflammation are thought to contribute

(29). Furthermore, our findings underscore the high incidence of

cesarean section among all three genotypes, as reflected by several

studies (27, 30), despite SCD not being a contraindication for

attempting vaginal delivery (31).
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Infants born to mothers with SCD are at heightened risk for

intrauterine growth restriction (IUGR), low birth weight,

prematurity, and perinatal mortality (25). Placental insufficiency,

stemming from vascular occlusion and endothelial damage, may

contribute to poor intrauterine growth in these infants (32).

Additionally, women with SCD have been observed to have lower

BMI compared to controls, which may contribute to adverse

pregnancy outcomes (33). However, the direct impact of BMI on

fetal growth restriction in this population remains unclear and

warrants further investigation. In our study, we observed instances

of IUGR, fetal distress, and intrauterine fetal death among both the

HbSS and HbSC populations, along with a significantly higher

incidence of breech presentation among the HbS Beta+ thalassemia

population (25%) with a p-value of 0.006, highlighting the significant

risk faced by infants born tomothers with different genotypes of SCD.

While our study primarily focused on immediate perinatal outcomes

such as IUGR and fetal distress, long-term follow-up studies are

essential to assess neurodevelopmental outcomes, growth parameters,

and potential long-term complications in infants born to mothers

with SCD. For example, developmental delays and chronic health

issues in children born to mothers with SCD have been documented

in prior studies (34). Future research should incorporate

standardized neonatal and pediatric follow-up protocols, including

neurodevelopmental assessments, growthmonitoring, and evaluation

of cardiopulmonary function. Longitudinal cohort studies following

infants into childhood and adolescence would provide deeper insights

into the long-term impact of maternal SCD on offspring health.

Throughout pregnancy, individuals with SCD remain

susceptible to acute SCD-related complications, including acute

vaso-occlusive crises (VOC), acute chest syndrome, venous

thromboembolism (VTE), and stroke. Existing studies have

observed a higher frequency of acute VOC in the HbSS

population than in the HbSC subtype (35). Consistent with these

findings, our study population exhibited a higher incidence of VOC

episodes among patients with HbSS compared to other genotypes

though this difference was not statistically significant. Furthermore,

one patient experienced a pulmonary embolus (PE), consistent with

previously documented associations between SCD and

thromboembolic events during pregnancy (36).

Furthermore, a subgroup analysis among candidates with the

HbSS genotype, given their significant representation in our study

and the general SCD population (37), noted that transfused patients

had lower hemoglobin levels during pregnancy at baseline

compared to non-transfused patients, but both subgroups

exhibited comparable rates of obstetric complications, with no

statistically significant differences in hemoglobin levels or

obstetric outcomes. The higher mean hemoglobin value of 9.6 g/

dL among non-transfused HbSS patients is unexpected and may

indicate the possibility of undocumented transfusions at other

institutions. Alternatively, this finding could reflect variability in

disease severity, baseline hemoglobin levels, nutritional status

among individuals, or the presence of concomitant alpha

thalassemia trait. Alpha thalassemia trait is known to be
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associated with a less severe phenotype, including higher baseline

hemoglobin, reduced hemolysis, and lower transfusion

requirements (38). Patients with the HbSS genotype are known to

have lower hemoglobin levels and higher complication rates

compared to the HbSC and HbS beta+ thalassemia genotypes

(39). The randomized controlled trial by Koshy et al. (22) showed

no significant difference in perinatal outcomes between patients

receiving prophylactic transfusions and those receiving transfusions

only for medical or obstetric indications, and our findings are

consistent with those of that trial. Additionally, the current study

also suggests that while fetal complications were more prevalent in

the transfused group, they did not reach statistical significance.

Patients who were transfused had higher rates of VOC compared to

non-transfused patients (p=0.015). The clinical trial by Koshy et al.

(22) demonstrated that prophylactic transfusion significantly

reduced VOC incidence (p<0.01). While our study did not

differentiate transfusion by indication, the observed association

between transfusion and VOC suggests the need for a case-by-

case approach to transfusion decisions in pregnant women

with SCD.

This study has several limitations. As a retrospective study, it

cannot establish causation, and the data relies on records from a

single center, which may not represent the broader diversity of

patients with SCD. Some women may have received parts of their

care, such as pre-conception visits, antenatal care, or delivery, at

other institutions, leading to potential gaps in data, particularly for

transfusion history and clinical events. We reviewed records for

evidence of transfusions during pregnancy, but detailed

information on the number, timing, or type of transfusions was

not consistently available. The small sample size further limits the

statistical power of our findings, particularly for detecting

associations with rare maternal and fetal outcomes, which should

be interpreted with caution. Additionally, the lack of detailed

analysis of transfusion timing and frequency may affect the

robustness of statistical interpretations, highlighting the need for

future studies to address these gaps. We did not specifically examine

data on hydroxyurea use or alloantibodies in this study. Finally, the

wide age range in the cohort reflects improved management and

longer life expectancy in SCD, allowing more women to

pursue pregnancy. To overcome these limitations, a prospective

study should be structured with standardized protocols for

data collection. Key variables to track would include

transfusion timing (pre-pregnancy, antenatal, peripartum, and

postpartum), transfusion indications (prophylactic vs. reactive),

hemoglobin trends, frequency of vaso-occlusive crises, maternal

comorbidities, and fetal outcomes. A structured follow-up period

through pregnancy and postpartum would allow for a more

comprehensive assessment of maternal and neonatal health,

addressing the gaps seen in retrospective data. A prospective

cohort study would allow for more systematic and consistent data

collection, providing a better framework for understanding the
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pregnancy outcomes, as well as enabling stronger causal inferences.

Addressing the gaps in our current study requires future

research endeavors aimed at defining optimal transfusion

protocols tailored to different sickle cell genotypes during

pregnancy. Larger randomized controlled trials in multiple

centers are crucial for evaluating the efficacy and safety of

prophylactic versus demand-driven transfusion strategies, leading

to more effective treatment approaches. Furthermore, investigating

the influence of confounding variables such as the comorbid history

of hypertension and diabetes, which can alter pregnancy outcomes

in SCD patients, is essential to provide deeper insight into managing

this high-risk pregnant population subgroup. Such studies hold

significant promise in advancing our understanding and may

ultimately lead to the development of improved clinical guidelines

for managing pregnant individuals with SCD and comorbidities.
5 Conclusion

Despite a higher percentage of HbSS patients receiving

transfusions, the incidence of obstetric and sickle cell

complications remained prevalent in this subgroup, though

differences were not statistically significant. Our retrospective

analysis underscores the complex association between pregnancy-

related complications of sickle cell disease and transfusion therapy.

While our findings generally indicate a correlation between mean

hemoglobin levels and adverse outcomes, further research is

imperative to elucidate the optimal management strategies for

pregnant individuals with SCD. Randomized trials integrating

comprehensive clinical and laboratory assessments are essential to

delineate the role of prophylactic transfusions in mitigating

maternal, fetal, and sickle cell-related complications. Notably, our

subgroup analysis among patients with the HbSS genotype,

consistent with the prior randomized clinical trial, emphasizes the

need for a personalized approach to managing pregnant women

with SCD and takes into consideration the presence of comorbid

factors that can influence the outcomes.
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