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Introduction
Thrombocytopenia during pregnancy is one of the important causes of maternal and perinatal mortality. This study aims to retrospectively analyze the clinical data of 151 pregnant patients with thrombocytopenia, in order to help obstetricians better understand the etiology, related risk factors and maternal and fetal outcomes of this disease.
Methods
A total of 151 cases of pregnant women with thrombocytopenia were collected. According to the cause of thrombocytopenia, patients were divided into gestational thrombocytopenia (GT) group, hypertensive disorders in pregnancy (HDP) group, immune thrombocytopenia (ITP) group and the other group. According to the degree of thrombocytopenia, patients were divided into mild group, moderate group and severe group. According to different grouping criteria, the clinical characteristics, delivery outcomes and delivery modes, maternal treatments during pregnancy, maternal laboratory indexes, and neonatal birth conditions were compared.
Results
Among the 151 patients, the GT group had the largest proportion. Moreover, the ITP group had a higher proportion of skin and mucous membrane bleeding during pregnancy, the smallest gestational age at first diagnosis and the lowest platelet count at first diagnosis. The treatment effect of glucocorticoids alone in the ITP group was not good. The HDP group had a higher neonatal intensive care unit (NICU) transfer rate and the lowest birth weight in newborns. In terms of severity, majority of the patients were in the mild group. The parameters of thromboelastography (TEG) were related to the pre-delivery platelet count of patients in the moderate and severe groups, but not in the mild group.
Conclusion
In conclusion, ITP is associated with more severe thrombocytopenia and bleeding, often presenting in the early stage of pregnancy. In the treatment of ITP, the combined use of glucocorticoids and platelet transfusion is recommended. TEG parameter analysis suggests that patients in the moderate and severe groups may have changes in the blood coagulation and fibrinolysis systems. More attention should be paid to the monitoring of the newborns delivered by HDP patients.
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1 INTRODUCTION
Thrombocytopenia during pregnancy is a relatively common disease in the gestational period, involving about 8%–10% of low-risk pregnant women (Townsley, 2013). Generally, thrombocytopenia is considered to be the case where the platelet count is less than 150 × 109/L (Kam et al., 2004; Smock and Perkins, 2014; Veneri et al., 2009). However, only platelet counts below 100 × 109/L are considered clinical significant (Smock and Perkins, 2014; Veneri et al., 2009). Thrombocytopenia is caused by increased destruction or reduced production of platelets (Kam et al., 2004). During pregnancy, the physiological system of pregnant women undergoes changes that alters the concentration of plasma coagulation factors and blood system components (Bar et al., 2025; Wang et al., 2021). Some secondary physiological changes specific to pregnancy, such as increased blood volume, abnormal platelet activation and increased platelet clearance rate, may eventually cause thrombocytopenia (Townsley, 2013). Patients with thrombocytopenia during pregnancy may show bleeding symptoms during physical examination such as bruising, petechiae, purpura, oral mucosal blood blisters and conjunctival hemorrhages (Fogerty and Kuter, 2024).
According to the severity of the disease, some scholars believe that platelet count of 100–150 × 109/L is mild thrombocytopenia, 50–100 × 109/L is moderate thrombocytopenia, and less than 50 × 109/L is severe thrombocytopenia (Kam et al., 2004). In severe thrombocytopenia, life-threatening bleeding may occur, which is manifested by pulmonary bleeding, gastrointestinal bleeding and rare intracranial hemorrhage (Connors and Fein, 2023; Mithoowani et al., 2020). Thrombocytopenia in pregnancy is also related to the occurrence of premature birth (Parnas et al., 2006). Patients with platelet count <20 × 109/L have the risk of spontaneous intracranial hemorrhage, postpartum hemorrhage and placental abruption. In severe cases, disseminated intravascular coagulation (DIC) may occur and cause serious impact on the health of mothers and fetuses (Kelton, 2002).
The etiology of thrombocytopenia in pregnancy can be classified according to “pregnancy specific” etiology and “general etiology.” The etiology of thrombocytopenia in pregnancy may include gestational thrombocytopenia (GT), pre-eclampsia (PE) and hypertensive disorders in pregnancy (HDP) associated thrombocytopenia caused by HELLP syndrome (hemolysis, elevated liver enzymes and thrombocytopenia), immune thrombocytopenia (ITP), hereditary thrombocytopenia Type 2B von Willebrand disease, drug-induced thrombocytopenia, infection, liver cirrhosis, splenomegaly, bone marrow diseases (such as aplastic anemia, myelodysplastic syndrome, leukemia, and lymphoma), paroxysmal nocturnal hemoglobinuria, complement mediated thrombotic microangiopathy, thrombotic thrombocytopenic purpura (TTP), and autoimmune diseases (such as lupus erythematosus, antiphospholipid syndrome (APS)) (Pishko and Marshall, 2022).
The most common cause of thrombocytopenia in pregnancy is GT (Yan et al., 2016; Park, 2022; Fogerty, 2018), accounting for about 75% of all thrombocytopenia in pregnancies (Parnas et al., 2006; Fogerty, 2018; Yuce et al., 2014) and 5%–11% of all pregnancies (Cines and Levine, 2017a). Its symptoms are usually relatively mild, rarely posing a serious threat to the safety of the mother and fetus (Townsley, 2013; Fogerty and Kuter, 2024; Rottenstreich et al., 2018), and often occurring in the third trimester of pregnancy (Fogerty and Kuter, 2024; Cines and Levine, 2017b; Reese et al., 2018). It is worth noting that few cases of moderate to severe thrombocytopenia could be caused by GT, therefore, before making a diagnosis of GT in these cases, a comprehensive clinical evaluation should be conducted, and other potential causes should be examined (Cines and Levine, 2017a). Mild thrombocytopenia, especially when the platelet count ≥70 × 109/L, strongly suggests the diagnosis of GT. For GT patients with platelet count <80 × 109/L, platelet count examination should be performed on the first and fourth day after birth (Gernsheimer et al., 2013).
HDP caused by PE and HELLP syndrome is also a common cause of thrombocytopenia in the second and third trimester of pregnancy, accounting for about 21% (Kam et al., 2004; Parnas et al., 2006; Yuce et al., 2014). Platelet <100 × 109/L is one of the diagnostic criteria for severe PE (Mol et al., 2016). HELLP syndrome is a slightly different PE, characterized by more severe thrombocytopenia (Cines and Levine, 2017b) and higher maternal and neonatal mortality (Young et al., 2010). Patients with HELLP syndrome have a higher rate of cesarean section, and may also have placental abruption and DIC, which may require blood transfusion, and prolong the length of hospital stay (Young et al., 2010). When patients with hypertensive disorders in pregnancy have progressive thrombocytopenia, the diagnosis of HELLP syndrome should be considered. DIC occurs in 20% of HELLP syndrome, which can lead to uncontrollable massive bleeding (Cines and Levine, 2017b; Brown et al., 2018; Fitzpatrick et al., 2014; Thomas et al., 2016).
ITP is another cause of thrombocytopenia in pregnancy, which can occur in any of the different trimesters of pregnancy (Fogerty and Kuter, 2024; Pishko and Marshall, 2022; Park, 2022) and even postpartum (Fogerty and Kuter, 2024), accounting for 3%–10% of thrombocytopenia during pregnancy (Fogerty and Kuter, 2024; Parnas et al., 2006; Yuce et al., 2014). The platelet count of ITP is significantly lower than that of GT. However, there is still no gold standard method to distinguish GT and ITP (Fogerty and Kuter, 2024; Cines and Levine, 2017a). If the platelet count drops below 80 × 109/L during pregnancy, the possibility of ITP should be considered (Townsley, 2013; Cines and Levine, 2017b). A guideline on ITP points out that if the platelet count is 20–30 × 109/L and there is no active bleeding, most pregnancies are safe, and it is safer to have the platelet count ≥50 × 109/L during delivery (Provan et al., 2019).
TTP is a rare life-threatening hematological disease (Thomas et al., 2016; Joly et al., 2017), characterized by widespread blood vessel clotting and bleeding (Xu et al., 2024), microangiopathic hemolytic anemia, severe thrombocytopenia, and organ ischemia linked to disseminated microvascular platelet rich-thrombi (Joly et al., 2017). It presents in any trimester or postpartum (Fogerty and Kuter, 2024; Martin et al., 2008) and in about 5%–25% of TTP cases, pregnancy may be a pathogenic factor (Gerth et al., 2009). The symptoms of TTP are like those of thrombocytopenia associated with severe PE and HELLP syndrome and hemolytic uremic syndrome, so it needs to be differentiated (Xu et al., 2024). When pregnant women with thrombotic micro angiopathies do not meet the diagnostic criteria for severe PE or HELLP syndrome, if the platelet count drops below 20 × 109/L, or if neurological symptoms occur, such as numbness, aphasia, etc., the possibility of TTP should be considered (Martin et al., 2008; George et al., 2015). In late diagnosis and untreated TTP, the mortality rate can go as high as 90% (Xu et al., 2024; Zhou et al., 2017) and microvascular thrombosis leading to fetal growth restriction and/or fetal death, may develop due to impaired placental circulation (Ferrari and Peyvandi, 2020). If the maternal platelet count does not recover to more than 100 × 109/L within 48–72 h after delivery, and the clinical signs and symptoms are not relieved, then the diagnosis of TTP should be considered (George et al., 2015).
APS is an autoimmune disease characterized by arterial or venous thrombosis and/or pregnancy complications (Jin et al., 2022). Thrombocytopenia is a common blood system manifestation in patients with APS, with an incidence of 16%–53% (Cervera et al., 2011), and its mechanism may be due to platelet consumption and/or destruction mediated by antiphospholipid antibodies (Vreede et al., 2019). APS is associated with the increased incidence of unexplained recurrent abortion, fetal growth restriction, premature birth, stillbirth, neonatal death, early-onset PE and severe PE (Park, 2022; De Carolis et al., 2018; Liu and Sun, 2019).
Therefore, thrombocytopenia in pregnancy is an important reason for the increase of maternal and perinatal mortality (Huang et al., 2020). Maternal thrombocytopenia may cause severe postpartum hemorrhage and even require hysterectomy. For pregnant women whose platelet count is lower than 50 × 109/L, these patients may occasionally require intravenous immunoglobulin (IVIg) to maintain safe platelet counts throughout pregnancy or especially in preparation for delivery when a rapid platelet increase is required, as platelet count greater than 50 × 109/L is preferred for delivery (Provan et al., 2019). The newborns of pregnant women with thrombocytopenia may have adverse consequences such as premature delivery, neonatal thrombocytopenia (Guillet et al., 2023; van der Lugt et al., 2013), neonatal asphyxia (McCrae, 2010; Wang et al., 2017) and intracranial hemorrhage (Cines and Levine, 2017b; Li et al., 2022). Some independent predictors of thrombocytopenia include poor economic conditions, elderly mothers, alcohol consumption and human immunodeficiency virus (HIV) infection (Haile et al., 2022).
In this study, we retrospectively analyzed the clinical data of 151 cases of pregnancy with thrombocytopenia. According to the etiological classification and disease severity, patients were divided into different groups, and the clinical characteristics, delivery outcomes and delivery modes, maternal treatments during pregnancy, maternal laboratory indexes, and neonatal birth conditions of each group were compared. The objective of this manuscript is to help obstetricians better understand the etiology, related risk factors and maternal and fetal outcomes of this disease and improve the prognosis by increasing related monitoring.
2 MATERIALS AND METHODS
2.1 Study population
A total of 151 pregnant women diagnosed with thrombocytopenia aged 18–40 years old, who gave birth in our obstetric department from December 2010 to July 2024 were collected. Two or more occurrences of platelet count less than 100 × 109/L during pregnancy are considered thrombocytopenia. Patients with twin or triple pregnancies, thrombocytopenia caused by medication or viral infections, and congenital coagulation disorders were excluded. Our study was approved by the Medical Science Research Ethics Committee of the First Hospital of China Medical University (Approval No. 2021-108).
According to the cause of thrombocytopenia, patients were divided into gestational thrombocytopenia (GT) group, hypertensive disorders in pregnancy (HDP) group, immune thrombocytopenia (ITP) group and the other group. The GT group includes cases where thrombocytopenia first occurs during pregnancy without history of thrombocytopenia before pregnancy, and platelet counts typically recover spontaneously after delivery, usually without causing significant maternal or fetal complications. When diagnosing GT, it is necessary to exclude other diseases that cause thrombocytopenia. The HDP group comprises pregnant women with thrombocytopenia associated with gestational hypertension, particularly those with PE or HELLP syndrome. The ITP group involves pregnant women with evident bleeding symptoms, such as bleeding points and bruising on the skin and mucous membranes, or symptoms of visceral bleeding, with a significant decrease in platelet counts. Bone marrow examination in ITP cases shows normal or increased megakaryocytes with maturation disorders. The other group includes thrombocytopenia during pregnancy caused by other conditions, such as TTP, aplastic anemia, systemic lupus erythematosus, APS, Sjögren’s syndrome, undifferentiated connective tissue disease, myelodysplastic syndrome, or hereditary thrombocytopenia.
According to the degree of thrombocytopenia (Veneri et al., 2009), patients were divided into mild group (platelet: 50–100 × 109/L), moderate group (platelet: 30–50 × 109/L) and severe group (platelet: <30 × 109/L).
2.2 Observed indicators
Clinical records were reviewed to collect the following information: the clinical characteristics of each group of patients (age, skin and mucosa bleeding during pregnancy, gestational age at first diagnosis, platelet count at first diagnosis, lowest platelet count during pregnancy, and platelet count on the third day after delivery), whether the patient was transferred to intensive care unit (ICU), length of hospital stay, gestational age at delivery, and the occurrence of postpartum hemorrhage), and delivery mode. Postpartum hemorrhage was defined as the loss of 500 mL or more of blood with a vaginal delivery or 1,000 mL or more with a caesarean section. Maternal treatments for thrombocytopenia during pregnancy included the use of glucocorticoids, platelet transfusions, or IVIg. The criteria for determining the effectiveness of treatment are platelet count ≥5 × 109/L within 24–96 h after treatment, otherwise it is considered ineffective (Provan et al., 2019; Bauer et al., 2021; Estcourt et al., 2017).
We collected the results of blood routine test within 1 week before delivery and on the third day after delivery at our hospital. Blood routine indicators included platelets, hemoglobin (Hb), platelet distribution width (PDW), mean platelet volume (MPV), mean platelet count (PCT), and platelet large cell ratio (P-LCR). Coagulation function indicators included prothrombin time (PT), activated partial thromboplastin time (APTT), D-dimer, international normalized ratio (INR), coagulation time (TT), and plasma fibrinogen (Fg). Thromboelastography (TEG) parameters included reaction time (R), kinetics (K), rate of blood clot formation (Angle), maximum amplitude (MA), clot lysis at 30 min (LY30), estimated percent lysis (EPL), and coagulation index (CI). Immune indicators included anti-nuclear antibody (ANA), anti-double stranded DNA antibody (dsDNA Ab), anti-SSA antibody (SSA Ab), anti-SSB antibody (SSB Ab), anti-Pm Scl antibody (Pm-Scl Ab), anti-cardiolipin antibody (ACA Ab), and standardized ratio of lupus anticoagulant dRVVT.
Information collected on the birth status of newborns included presence of thrombocytopenia at birth, preterm birth rate, neonatal asphyxia rate, admission to neonatal intensive care unit (NICU), low birth weight infants, 1-min and 5-min Apgar scores, and birth weight.
2.3 Statistical analysis
We used IBM SPSS Statistics v27.0 software for statistical analysis. Normal distribution continuous data are represented as mean ± SD. For multiple sample means, one-way analysis of variance was used. If there were significant inter group differences in the results, Tukey’s test was used for pairwise comparison; for the mean of two paired samples, paired t-test was used. If the data did not follow a normal distribution, we used the median (interquartile range) to represent it. For comparing multiple sets of samples, we used Kruskal Wallis test. If there was a significant difference in the results, we used Mann Whitney U test for pairwise comparison; for the comparison of two paired samples, Wilcoxon signed rank test was used. The categorical data is represented as (%) and analyzed using chi square test. For categorical data that did not meet the chi square test hypothesis, Fisher exact test was used. To correct type I errors in pairwise comparisons, Bonferroni correction was used. We used Pearson correlation analysis to calculate the relationship between TEG parameters and prenatal platelets. P < 0.05 was considered statistically significant.
3 RESULTS
3.1 Distribution of causes and severity of thrombocytopenia in pregnancy
According to the etiology of thrombocytopenia, a total of 67 cases (44.40%) were in the GT group, 24 cases (15.90%) in the HDP group, 44 cases (29.10%) in the ITP group, and 16 cases (10.60%) in the other group (Figure 1). According to the severity of thrombocytopenia, there were 107 cases (70.90%) in the mild group, 23 cases (15.20%) in the moderate group, and 21 cases (13.90%) in the severe group (Figure 2).
[image: Pie chart depicting four groups: GT group (44.4%) in blue, ITP group (29.1%) in yellow, HDP group (15.9%) in orange, and "The other group" (10.6%) in green.]FIGURE 1 | Distribution of causes in pregnant women with thrombocytopenia. The GT group has the largest proportion, followed by the ITP group, the HDP group, and the other group.[image: Pie chart showing three groups: Mild group in red at 70.90%, Moderate group in blue at 15.20%, and Severe group in green at 13.90%.]FIGURE 2 | Severity distribution of pregnant women with thrombocytopenia. The mild group owns the highest proportion.3.2 Comparison of clinical characteristics
Grouping according to the etiology of thrombocytopenia, pairwise comparisons between groups showed that patients in the ITP group were significantly younger than those in the GT group and the other group. The ITP group had a higher proportion of skin and mucosal bleeding during pregnancy (43.18%), the smallest gestational age at the first diagnosis, the lowest platelet count at the time of the first diagnosis, during pregnancy and on the third day postpartum. The lowest platelet count during pregnancy was ranked from low to high: ITP group < the other group < HDP group < GT group, and the difference was statistically significant (P < 0.05) (Table 1).
TABLE 1 | Comparison of clinical characteristics of patients.	Groups	Age (years)	Skin and mucosa bleeding during pregnancy (%)	Gestational age at first diagnosis (week)	Platelet count at first diagnosis (×109/L)	Lowest platelet count during pregnancy (×109/L)	Platelet count on the third day after delivery (×109/L)
	Grouping according to etiology
	GT group (n = 67)	30.00 (27.00–34.00)	12 (17.91)	36.00 (31.00–39.00)	88.00 (80.00–93.50)	83.00 (76.50–89.50)	108.00 (91.00–121.00)
	HDP group (n = 24)	29.00 (27.00–32.00)	4 (16.67)	35.00 (33.50–37.00)	78.50 (67.00–89.50)1	76.50 (57.50–81.00)1	108.00 (96.50–123.50)
	ITP group (n = 44)	28.00 (26.00–31.00)1	19 (43.18)1	24.00 (12.00–34.00)1,2	53.00 (35.00–74.00)1,2	36.00 (22.50–50.00)1,2	66.00 (46.50–96.50)1,2
	The other group (n = 16)	30.50 (28.50–33.00)3	2 (12.50)	24.00 (12.00–34.00)1	86.00 (50.50–92.50)1,3	56.50 (34.00–88.50)3	86.00 (61.00–106.00)1
	H/χ2	10.89	11.92	35.05	57.32	76.11	30.00
	P	0.012*	0.008*	<0.001*	<0.001*	<0.001*	<0.001*
	Grouping according to severity
	Mild group (n = 107)	30.00 (28.00–34.00)	16 (14.95)	36.00 (31.00–39.00)	86.00 (76.00–93.00)	-	106.00 (91.00–119.00)
	Moderate group (n = 23)	27.00 (25.50–30.00)4	9 (39.13)4	16.00 (12.00–28.00)4	59.00 (46.00–76.00)4	-	63.00 (51.00–82.00)4
	Severe group (n = 21)	29.00 (27.00–29.00)	12 (57.14)4	24.00 (16.00–32.00)4	30.00 (21.00–41.50)4,5	-	47.00 (39.00–107.00)4
	H/χ2	9.66	20.03	37.50	58.50	-	33.66
	P	0.008*	<0.001*	<0.001*	<0.001*	-	<0.001*


*P < 0.05.
1Compared with the GT, group.
2Compared with the HDP, group.
3Compared with the ITP, group.
4Compared with the mild group.
5Compared with the moderate group.
Grouping according to the severity of thrombocytopenia, pairwise comparisons between groups showed that the age of the mild group was significantly higher than that of the moderate group; the mild group had the highest platelet count at the first diagnosis of gestational age, and the highest platelet count on the third day after delivery, with statistical significance (P < 0.05) (Table 1).
3.3 Comparison of delivery outcomes and delivery methods
According to the etiological grouping, there was no statistically significant difference in the ICU transfer rate and postpartum hemorrhage between the groups. However, there were significant differences in the length of hospital stay, gestational age, and delivery mode. The pairwise comparison showed that the length of hospital stay in the GT group was significantly lower than those in the HDP and ITP groups. Patients in the GT group had the largest gestational age during delivery, and the proportion of cesarean section in the GT group was significantly higher than that in the HDP group (P < 0.05) (Table 2).
TABLE 2 | Comparison of delivery outcomes and delivery modes of pregnant women.	Groups	ICU transfer (%)	Hospital length of stay (days)	Gestational age at delivery (week)	Postpartum hemorrhage (%)	Delivery mode (%)
	Vaginal delivery	Cesarean section
	Grouping according to etiology
	GT group (n = 67)	0 (0.00)	5.00 (4.00–6.00)	39.00 (39.00–40.00)	2 (3.00)	18 (26.90)	49 (73.10)
	HDP group (n = 24)	2 (8.30)	7.00 (5.00–7.50)1	37.00 (35.00–38.50)1	1 (4.20)	0 (0.00)1	24 (100.00)1
	ITP group (n = 44)	1 (2.30)	7.00 (4.50–8.00)1	38.00 (37.00–39.00)1	1 (2.30)	5 (11.40)	39 (88.60)
	The other group (n = 16)	0 (0.00)	5.00 (4.00–8.50)	37.50 (37.00–39.00)1	0 (0.00)	1 (6.30)	15 (93.80)
	H/Fisher	5.05	14.35	36.44	0.91	12.36
	P	0.063	0.002*	<0.001*	1.000	0.006*
	Grouping according to severity
	Mild group (n = 107)	1 (0.90)	5.00 (4.0–6.0)	39.00 (38.00–40.00)	3 (2.80)	21 (19.60)	86 (80.40)
	Moderate group (n = 23)	1 (4.30)	7.00 (4.50–8.00)	37.00 (37.00–39.00)2	0 (0.00)	3 (13.00)	20 (87.00)
	Severe group (n = 21)	1 (4.80)	7.00 (6.00–10.0)2	37.00 (35.00–39.00)2	1 (4.80)	0 (0.00)	21 (100.00)
	H/Fisher	3.14	14.80	19.45	1.02	5.66
	P	0.204	<0.001*	<0.001*	0.533	0.055


*P < 0.05.
1Compared with the GT, group.
2Compared with the mild group.
According to the severity of thrombocytopenia, there were no statistically significant differences in the ICU transfer rate, postpartum hemorrhage, and delivery mode among the groups. Comparison between groups showed that the hospitalization days of patients in the mild group were significantly lower than those in the severe group, and the mild group had the largest gestational age at delivery, with statistical significance (P < 0.05) (Table 2).
3.4 Comparison of the effectiveness of diverse treatments of thrombocytopenia
Among the 151 study subjects, 140 pregnant women received thrombocytopenia related treatments during pregnancy. According to the etiology, only patients in the ITP group were treated with IVIg. After treatments with glucocorticoids and glucocorticoids plus platelet transfusion, both the GT group and the HDP group patients showed a significant increase in platelet counts, indicating a significant therapeutic effect. The ITP group also achieved good therapeutic effects after treatments with glucocorticoids and platelet transfusion, and the difference was statistically significant (P < 0.05). However, the treatment of ITP with glucocorticoids alone was not effective, as shown in Table 3.
TABLE 3 | Comparison of clinical effects of different treatments.	Groups	Number of effective cases (%)	Number of non-effective cases (%)	Platelet count before treatment (×109/L)	Platelet count after treatment (×109/L)	t	P
	Grouping according to etiology
	GT group (n = 61)
	Glucocorticoids (n = 54)	36 (66.70)	18 (33.30)	89.33 ± 16.68	103.51 ± 20.54	5.60	<0.001*
	Glucocorticoids + platelet transfusion (n = 7)	7 (100.00)	0 (0.00)	80.17 ± 9.33	107.50 ± 17.59	4.15	0.009*
	Total	43	18				
	HDP group (n = 23)
	Glucocorticoids (n = 13)	12 (72.30)	1 (7.70)	81.00 (77.00–94.00)	109.00 (94.50–121.00)	2.76a	0.006*
	Platelet transfusion (n = 1)	1 (100.00)	0 (0.00)	-	-	-	-
	Glucocorticoids + platelet transfusion (n = 9)	7 (79.80)	2 (22.80)	58.00 ± 29.00	79.13 ± 44.78	2.41	0.047*
	Total	20	3				
	ITP group (n = 42)
	Glucocorticoids (n = 14)	8 (57.10)	6 (42.90)	62.50 (57.00–91.00)	70.00 (57.00–92.00)	1.08a	0.279
	IVIg (n = 1)	1 (100.00)	0 (0.00)	-	-	-	-
	Platelet transfusion (n = 7)	6 (85.70)	1 (14.30)	375.43 ± 10.50	51.71 ± 11.66	2.06	0.086
	Glucocorticoids + platelet transfusion (n = 20)	17 (85.00)	3 (15.00)	35.50 (21.00–56.50)	65.00 (45.50–95.00)	3.87a	<0.001*
	Total	32	10				
	The other group (n = 14)
	Glucocorticoids (n = 10)	4 (40.00)	6 (60.00)	78.30 ± 23.74	81.20 ± 17.94	0.43	0.678
	Platelet transfusion (n = 1)	1 (100.00)	0 (0.00)	-	-	-	0.288
	Glucocorticoids + platelet transfusion (n = 3)	3 (100.00)	0 (0.00)	43.00 (37.00–57.50)	112.00 (83.50–16.50)	1.60a	0.109
	Total	8	6				
	Grouping according to severity
	Mild group (n = 98)
	Glucocorticoids (n = 79)	52 (65.80)	27 (34.20)	88.01 ± 16.87	101.89 ± 23.44	5.98	<0.001*
	Platelet transfusion (n = 1)	1 (100.00)	0 (0.00)	-	-	-	-
	Glucocorticoids + platelet transfusion (n = 18)	17 (94.40)	1 (5.60)	75.00 (66.00–82.00)	103.00 (93.00–114.00)	3.68a	<0.001*
	Total	70	28				
	Moderate group (n = 21)
	Glucocorticoids (n = 9)	5 (55.60)	4 (44.40)	61.00 ± 21.47	66.78 ± 17.33	0.77	0.461
	Platelet transfusion (n = 4)	4 (100.00)	0 (0.00)	37.00 (33.00–42.50)	51.00 (47.00–58.50)	1.83a	0.068
	Glucocorticoids + platelet transfusion (n = 8)	7 (87.50)	1 (12.50)	42.50 (39.00–53.00)	67.00 (53.50–87.50)	2.52a	0.012*
	Total	16	5				
	Severe group (n = 21)
	Glucocorticoids (n = 3)	3 (100.00)	0 (0.00)	47.00 (43.50–72.50)	135.00 (97.00–135.50)	1.60a	0.109
	IVIg (n = 1)	1 (100.00)	0 (0.00)	-	-		-
	Platelet transfusion (n = 4)	3 (75.00)	1 (25.00)	30.00 (24.00–39.50)	40.50 (37.00–59.5)	1.10a	0.273
	Glucocorticoids + platelet transfusion (n = 13)	10 (76.90)	3 (23.10)	21.00 (19.00–24.00)	46.00 (39.00–67.00)	2.97a	0.003*
	Total	17	4				


*P < 0.05.
a Nonparametric Wilcoxon signed rank test was used.
According to the severity of thrombocytopenia, only patients in the severe group were treated with IVIg. In comparison among the groups, the mild group received significant effects of glucocorticoid or glucocorticoid plus platelet transfusion therapy. After treatments with glucocorticoids plus platelet transfusion, the platelet count significantly increased in the moderate and severe groups, and the therapeutic effect was statistically significant (P < 0.05). However, for patients in the moderate and severe groups, the use of glucocorticoids alone or platelet transfusion alone did not achieve satisfactory therapeutic effects (Table 3).
3.5 Comparison of laboratory indexes
3.5.1 Comparison of blood routine and coagulation function
Grouped by etiology, postpartum platelet counts and Fg levels in each group were significantly higher than those before delivery. In the ITP group and the other group, postpartum PT and INR values were significantly higher than their prenatal values. For the GT group and the ITP group, APTT values after delivery were significantly higher than those before delivery. The postpartum TT values in the other group were significantly lower compared to the prenatal numbers (P < 0.05). In addition, postpartum Hb concentrations in the GT group, ITP group, and the other group were significantly lower than those before delivery. Postpartum PDW and MPV counts were significantly lower than the prenatal counts before delivery among the three groups. Postpartum PCT counts in the GT group, HDP group and ITP group were significantly higher than the prenatal counts. In the GT group and ITP group, postpartum P-LCR values were significantly lower than the prenatal values (Table 4).
TABLE 4 | Comparison of blood routine and coagulation function in the first week before delivery and the third day after delivery.	Grouping according to etiology
	Groups	Prenatal count	Postnatal count
		Platelet
	GT group	89.00 (80.00–97.00)	108.00 (91.00–121.00)1
	HDP group	80.00 (66.00–87.50)	108.00 (96.50–123.50)1
	ITP group	46.50 (31.00–64.00)	66.00 (46.50–96.50)1
	The other group	69.00 (44.50–90.00)	86.00 (61.00–106.00)1
	P	<0.001*	<0.001*
	Hb
	GT group	119.00 (111.00–126.50)	106.52 ± 18.481
	HDP group	114.50 (107.00–123.00)	104.00 ± 20.43
	ITP group	107.00 (95.00–118.50)	98.23 ± 17.321
	The other group	120.00 (107.50–128.50)	104.13 ± 14.641
	P	0.006*	0.138
	PDW
	GT group	17.06 ± 3.73	15.30 (12.70–18.70)1
	HDP group	17.12 ± 3.77	14.95 (13.30–17.20)1
	ITP group	16.00 ± 4.00	13.50 (11.60–14.90)1
	The other group	14.86 ± 2.06	14.00 (11.60–15.65)1
	P	0.16	0.042*
	MPV
	GT group	12.35 ± 1.20	11.90 (11.10–13.05)1
	HDP group	12.41 ± 1.04	11.80 (10.90–12.50)1
	ITP group	12.20 ± 1.48	11.30 (10.60–12.00)1
	The other group	11.94 ± 0.93	11.30 (10.65–11.80)1
	P	0.679	0.041*
	PCT
	GT group	0.10 (0.10–0.12)	0.10 (0.10–0.15)1
	HDP group	0.10 (0.08–0.10)	0.10 (0.10–0.14)1
	ITP group	0.06 (0.00–0.10)	0.10 (0.08–0.10)1
	The other group	0.09 (0.07–0.10)	0.10 (0.10–0.10)
	P	<0.001*	<0.001*
	P-LCR
	GT group	41.20 (33.10–50.65)	39.30 (33.15–46.50)1
	HDP group	39.65 (28.75–49.40)	40.20 (31.80–41.80)
	ITP group	38.50 (24.90–47.50)	34.00 (27.10–39.20)1
	The other group	37.70 (32.40–43.55)	34.95 (29.20–39.20)
	P	0.374	0.025*
	PT
	GT group	12.40 (12.00–12.90)	12.65 (12.10–12.90)
	HDP group	12.10 (11.70–12.60)	12.30 (11.40–12.50)
	ITP group	12.50 (12.10–12.90)	12.90 (12.30–13.20)1
	The other group	11.95 (11.70–12.20)	12.50 (11.95–12.85)1
	P	0.294	0.012*
	APTT
	GT group	32.68 ± 2.34	33.64 ± 3.521
	HDP group	33.58 ± 4.05	33.28 ± 5.33
	ITP group	32.66 ± 2.76	34.22 ± 3.481
	The other group	32.22 ± 3.29	33.25 ± 4.08
	P	0.475	0.837
	D-dimer
	GT group	1.44 (1.17–2.13)	1.36 (1.00–1.82)
	HDP group	1.68 (0.89–2.55)	1.42 (0.86–2.20)
	ITP group	1.85 (1.07–2.55)	1.69 (1.21–2.45)
	The other group	1.34 (0.95–1.87)	1.29 (0.96–1.75)
	P	0.36	0.125
	INR
	GT group	1.00 (0.90–1.00)	0.97 (0.93–1.00)
	HDP group	1.00 (0.94–1.00)	1.00 (0.96–1.00)
	ITP group	1.00 (0.96–1.00)	1.00 (1.00–1.00)1
	The other group	0.99 (0.89–1.00)	1.00 (0.93–1.00)1
	P	0.182	0.058
	TT
	GT group	15.50 (14.75–16.00)	15.40 (15.00–16.00)
	HDP group	16.40 (15.85–17.20)	15.95 (15.55–16.50)
	ITP group	15.50 (15.20–15.85)	15.55 (14.80–15.90)
	The other group	15.70 (15.35–16.45)	15.40 (14.70–15.80)1
	P	0.004*	0.165
	Fg
	GT group	4.35 (3.84–4.83)	4.87 (3.83–5.35)1
	HDP group	4.17 (3.30–4.47)	4.76 (4.11–5.15)1
	ITP group	4.18 (3.61–5.00)	4.48 (4.08–5.11)1


	Grouping according to severity
	The other group	4.42 (3.86–4.91)	5.03 (4.43–5.77)1
	P	0.373	0.472
	Platelet
	Mild group	87.00 (73.00–94.00)	106.00 (91.00–119.00)1
	Moderate group	46.00 (39.50–61.00)	63.00 (51.00–82.00)1
	Severe group	26.00 (20.00–40.00)	47.00 (39.00–107.00)1)
	P	<0.001*	<0.001*
	Hb
	Mild group	118.00 (109.00–126.00)	105.94 ± 18.191)
	Moderate group	111.00 (104.50–124.00)	101.70 ± 15.331
	Severe group	103.00 (86.50–110.50)	92.05 ± 17.93
	P	<0.001*	0.006*
	PDW
	Mild group	15.80 (14.40–20.00)	15.00 (12.90–18.40)1
	Moderate group	16.20 (14.50–16.90)	13.75 (12.80–15.40)1
	Severe group	14.65 (12.15–17.00)	12.10 (11.10–14.30)1
	P	0.252	0.001*
	MPV
	Mild group	12.32 ± 1.20	11.80 (11.05–12.85)1
	Moderate group	12.15 ± 1.30	11.55 (10.90–12.00)1
	Severe group	12.08 ± 1.35	10.95 (10.10–11.50)1
	P	0.772	0.003*
	Moderate group	15.50 (14.90–16.00)	15.39 ± 0.66
	Severe group	15.50 (15.30–15.70)	15.09 ± 0.75
	P	0.569	0.085
	Fg
	Mild group	4.29 (3.80–4.87)	4.71 ± 0.931
	Moderate group	4.14 (3.51–4.82)	4.61 ± 0.50
	Severe group	4.20 (3.78–4.93)	4.66 ± 1.121
	P	0.727	0.905


*P < 0.05.
1Comparison with the same index before delivery.
According to the severity of thrombocytopenia, postpartum platelet and PCT counts in each group were significantly higher than the prenatal counts. The postpartum PT value in the severe group was significantly higher compared to the prenatal value. In the mild and moderate groups, APTT values after delivery were significantly higher than those of before delivery. In addition, the postpartum D-dimer value of the mild group was significantly lower than that of the prenatal value. Postpartum Fg levels in the mild group and the severe group were significantly higher compared to the prenatal levels. The postpartum Hb counts and P-LCR values in the mild group and the moderate group were significantly lower than those before delivery. The postpartum PDW and MPV counts of each group were significantly lower than the prenatal counts (P < 0.05) (Table 4).
3.5.2 Correlation between platelet count and TEG parameters
We collected platelet count and TEG parameters which were both tested in our hospital within 1 week before delivery. R value, angle, Ma value and CI value were positively correlated with platelet count in the other group, while K value was negatively correlated with platelet count in the other group. There was no correlation between platelet count and TEG parameters in the GT group, HDP group and ITP group (Table 5).
TABLE 5 | The correlation between prenatal platelet count and TEG parameters.	Indicators	GT group (n = 39)	HDP group (n = 13)	ITP group (n = 13)	The other group (n = 12)
	r	P	r	P	r	P	r	P
	Grouping according to etiology
	R (mins)	−0.47	0.207	−0.26	0.830	−0.73	0.479	1.00	
	K (mins)	−0.39	0.307	−0.99	0.099	−0.92	0.252	−1.00	
	Angle (º)	0.04	0.928	0.96	0.180	0.89	0.304	1.00	
	MA (mm)	0.42	0.262	0.83	0.377	0.99	0.085	1.00	
	LY30 (%)	−0.19	0.744	0.00	1.000	N/A	N/A	N/A	N/A
	EPL (%)	−0.13	0.744	0.00	1.000	N/A	N/A	N/A	N/A
	CI	0.20	0.600	0.95	0.200	0.90	0.282	1.00	


	Indicators	Mild group (n = 53)	Moderate group (n = 12)	Severe group (n = 12)
	r	P	r	P	r	P
	Grouping according to severity
	R (mins)	−0.27	0.365	−1.00		−1.00	
	K (mins)	−0.54	0.058	−1.00		−1.00	
	Angle (º)	0.55	0.051	1.00		1.00	
	MA (mm)	0.44	0.137	1.00		1.00	
	LY30 (%)	−0.19	0.533	N/A	N/A	N/A	N/A
	EPL (%)	−0.19	0.533	N/A	N/A	N/A	N/A
	CI	0.55	0.054	1.00		1.00	


Note: “.” due to the existence of complete correlation, significance was not calculated; N/A, not applicable.
Grouped by severity, R value and K value were negatively correlated with the platelet count in the moderate and severe groups, while angle, Ma value and CI value were positively correlated with the platelet count in the moderate and severe groups. TEG parameters were not correlated with the platelet count in the mild group (Table 5).
3.5.3 Comparison of immune indexes
There was no significant difference in the immune indexes of ANA, dsDNA Ab, SSA Ab, SSB Ab, Pm-Scl Ab, ACA Ab and dRVVT among all groups, regardless of grouping based on the etiology or the severity of thrombocytopenia (Table 6).
TABLE 6 | Comparison of positive immune antibodies of pregnant women.	Indicators	GT group (%) (n = 16)	HDP group (%) (n = 8)	ITP group (%) (n = 14)	The other group (%) (n = 10)	P
	Grouping according to etiology
	ANA>1:80	2 (12.50)	0 (0.00)	0 (0.00)	2 (20.00)	0.262
	dsDNA Ab	0 (0.00)	0 (0.00)	0 (0.00)	1 (10.00)	0.375
	SSA Ab	0 (0.00)	0 (0.00)	1 (7.69)	0 (0.00)	0.667
	SSB Ab	0 (0.00)	0 (0.00)	0 (0.00)	0 (0.00)	N/A
	Pm-Scl Ab	0 (0.00)	1 (12.50)	0 (0.00)	0 (0.00)	0.167
	ACA Ab	0 (0.00)	0 (0.00)	0 (0.00)	1 (10.00)	0.658
	dRVVT>1.20	0 (0.00)	0 (0.00)	0 (0.00)	1 (10.00)	0.286


	Indicators	Mild group (%) (n = 28)	Moderate group (%) (n = 9)	Severe group (%) (n = 11)	P
	Grouping according to severity
	ANA>1:80	3 (10.71)	1 (11.11)	0 (0.00)	0.622
	dsDNA Ab	0 (0.00)	0 (0.00)	1 (9.09)	0.417
	SSA Ab	0 (0.00)	1 (11.11)	0 (0.00)	0.208
	SSB Ab	0 (0.00)	0 (0.00)	0 (0.00)	N/A
	Pm-Scl Ab	1 (3.57)	0 (0.00)	0 (0.00)	1.000
	ACA Ab	0 (0.00)	0 (0.00)	1 (9.09)	0.421
	dRVVT>1.20	0 (0.00)	1 (11.11)	0 (0.00)	0.143


Note: Fisher test was used; N/A, not applicable.
3.6 Comparison of newborn birth conditions
Grouping based on the etiology of thrombocytopenia, there were no significant differences in the rate of thrombocytopenia at birth, the rate of premature birth, the rate of asphyxia, and the Apgar scores at 1 min and 5 min among the groups. In pairwise comparison, the NICU transfer rate and the incidence of low birth weight infants in the HDP group were significantly higher than those in the GT group, and the neonatal birth weight in the HDP group was significantly lower than those in the GT group and the ITP group (P < 0.05) (Table 7).
TABLE 7 | Comparison of birth conditions of newborns.	Groups	Thrombocytopenia at birth (%)	Preterm birth rate (%)	Asphyxia rate (%)	NICU transfer (%)	Low birth weight (%)	Apgar score	Weight (grams)
	<34 weeks	>34 weeks	1 min	5 min
	Grouping according to etiology
	 GT group (n = 67)	1 (5.30)	1 (25.00)	3 (75.00)	1 (1.50)	5 (7.50)	1 (1.50)	10.00 (10.00–10.00)	10.00 (10.00–10.00)	3335.00 (3140.00–3660.00)
	 HDP group (n = 24)	0 (0.00)	2 (28.60)	5 (71.40)	0 (0.00)	8 (33.30)1	9 (37.50)1	10.00 (9.50–10.00)	10.00 (10.00–10.00)	2720.00 (2210.00–3125.00)1
	 ITP group (n = 44)	2 (20.00)	7 (77.70)	2 (22.20)	1 (2.30)	7 (15.90)	5 (11.40)	10.00 (10.00–10.00)	10.00 (10.00–10.00)	3165.00 (2740.00–3535.00)2
	 The other group (n = 16)	1 (25.00)	3 (100.00)	0 (0.00)	0 (0.00)	4 (25.00)	3 (18.80)	10.00 (10.00–10.00)	10.00 (10.00–10.00)	3135.00 (2690.00–3520.00)
	 H/Fisher	3.11	7.07	1.27	9.88	21.02	5.42	4.92	25.20
	 P	0.276	0.071	1.000	0.015*	<0.001*	0.144	0.178	<0.001*
	Grouping according to severity
	 Mild group (n = 107)	3 (10.00)	3 (33.30)	6 (66.70)	1 (0.90)	14 (13.10)	8 (7.50)	10.00 (10.00–10.00)	10.00 (10.00–10.00)	3330.00 (2995.00–3565.00)
	 Moderate group (n = 23)	1 (16.70)	4 (66.70)	2 (33.30)	0 (0.00)	4 (17.40)	2 (8.70)	10.00 (8.50–10.00)3	10.00 (10.00–10.00)	3110.00 (2820.00–3250.00)
	 Severe group (n = 21)	0 (0.00)	6 (75.00)	2 (25.00)	1 (4.80)	6 (28.60)	8 (38.10)3	10.00 (10.00–10.00)	10.00 (10.00–10.00)	2580.00 (2390.00–3160.00)3
	 H/Fisher	1.02	3.16	2.40	3.25	12.18	7.03	0.45	14.04
	 P	0.629	0.183	0.282	0.188	<0.001*	0.030*	0.800	<0.001*


*P < 0.05.
1Compared with the GT, group.
2Compared with the HDP, group.
3Compared with the mild group.
Grouping according to the severity of thrombocytopenia, there were no significant differences in the rates of neonatal thrombocytopenia, premature birth, asphyxia, NICU transfer, and 5-min Apgar score among the groups. The 1-min Apgar score of newborns in the mild group was significantly higher than that in the moderate group, and the birth weight of newborns in the severe group was significantly lower than that in the mild group (Table 7).
4 DISCUSSION
Thrombocytopenia in pregnancy can cause serious adverse consequences, leading to postpartum hemorrhage, hemorrhagic shock, and neonatal intracranial hemorrhage. In this study, GT group accounted for the largest proportion, followed by the ITP group, the HDP group and the other group. Grouped by the severity of thrombocytopenia, 70.90% of patients belong to the mild group, 15.20% in the moderate group, and only 13.90% in the severe group. In terms of clinical manifestations, the ITP group had a higher proportion of skin and mucous membrane bleeding during pregnancy (43.18%), the smallest gestational age at first diagnosis and the lowest platelet count at first diagnosis. In terms of delivery outcomes, the length of hospital stay in the GT group was significantly lower than that in the HDP group and the ITP group, and the gestational age of delivery was the largest, suggesting that the condition of GT group might be mild. Regarding the treatments of thrombocytopenia in pregnancy, the platelet counts of the GT group and the HDP group increased significantly after the treatment of glucocorticoid alone or glucocorticoid plus platelet infusion. However, the effect of glucocorticoid alone in the ITP group was not good, thus the combination therapy was needed to achieve better effect. In addition, postpartum Hb counts in the GT group, the ITP group and the other group were significantly lower than those in prenatal, suggesting that thrombocytopenia could aggravate the loss of Hb for these patients. TEG parameters were correlated with the prenatal platelet count of patients in the moderate and the severe groups, but not with the mild group, indicating that only patients in the moderate and severe groups could cause changes in blood coagulation and fibrinolysis system. For the newborns, the NICU transfer rate and the incidence of low birth weight infants in the HDP group were significantly higher than those in the GT group, and the birth weight of newborns delivered by pregnant women in the HDP group was lower, indicating that HDP had a greater impact on newborns, which needed special attention.
As for the etiology of thrombocytopenia in pregnancy, our results are slightly different from other reports (Parnas et al., 2006; Yuce et al., 2014). They believed that the incidence of HDP was higher than that of ITP, but we found that the incidence of HDP was lower than that of ITP. The difference may be related to the different research subjects. The unified viewpoint is that GT is still the most common cause of thrombocytopenia in pregnancy (Yan et al., 2016; Park, 2022; Fogerty, 2018). In the present study, 70.90% of cases belong to the mild group, which is consistent with other studies (Gernsheimer et al., 2013; Govindappagari et al., 2020).
In this paper, the platelet count of ITP group during pregnancy and the third day after delivery is the lowest, which is consistent with the nature of ITP. ITP is a disease caused by immune-mediated platelet destruction (Fogerty, 2018) or decreased platelet production (Fogerty, 2024), which is usually associated with more severe thrombocytopenia and bleeding. The research of Rodeghiero et al. (2009) provided a comprehensive analysis for the classification and severity of ITP, emphasizing that the increased risk of bleeding is the main clinical problem of ITP, which depends on the degree of thrombocytopenia. In addition, the number of gestational weeks at the first diagnosis of ITP group was the lowest, which showed that compared with other groups, ITP often appeared in the early pregnancy. This is of great clinical significance because it emphasizes the necessity of early screening and management of suspected ITP cases. In contrast to ITP group, the GT group had fewer symptoms of skin mucosal bleeding during pregnancy, and maintained higher platelet counts in pregnancy and postpartum. GT may be due to hemodilution caused by the increase of plasma volume during pregnancy (Pishko et al., 2020), which is different from ITP. Additionally, the hospital stay of patients in the GT group was shorter than that in the HDP group and the ITP group, which showed that although thrombocytopenia existed, the complexity of GT was relatively low. Moreover, the gestational week of delivery in the GT group was higher, suggesting that GT did not seem to increase the risk of adverse pregnancy outcomes (Cines and Levine, 2017a).
Regarding the mode of delivery, women undergoing elective cesarean section have been associated with an increased risk of blood loss and blood transfusion (Attali et al., 2021), hence, the indications of cesarean section should be determined according to the obstetric situation. Researchers believe that cesarean section is safe and feasible when the platelet count reaches is more than 50 × 109/L (Provan et al., 2019). At present, it is generally believed that cesarean section can be considered for full-term pregnancy with platelet count less than 50 × 109/L and bleeding tendency (Myers, 2012). For full-term pregnancy with platelet count more than 50 × 109/L, if there is no indication of obstetric cesarean section, vaginal natural delivery can be considered (Myers, 2012). The reason for the increase of cesarean section rate in the GT group in our study may be due to the patients’ fear of fetal intracranial hemorrhage. In the future, it is necessary to encourage these mild GT patients to have vaginal delivery if the condition allows.
In the treatment of thrombocytopenia, the efficacy of platelet transfusion has been fully affirmed (Kaufman et al., 2015), and the transfusion of a therapeutic amount of platelet will increase the platelet count by about 5–10 × 109/L (Bauer et al., 2021). However, for massive hemorrhage (platelet count <10 × 109/L), platelet transfusion has no significant effect on reducing mortality (Stanworth and Shah, 2022). Platelet transfusion is suitable for patients with impaired platelet formation or increased platelet destruction, but platelet transfusion may be harmful to patients with increased intravascular platelet activation (Greinacher and Selleng, 2016). At present, general supportive care with a combination of treatments, including corticosteroids, IVIg, and platelet transfusion has been recommended for a more effective and rapid increase of platelet count for treatment of life-threatening hemorrhage due to ITP, and in the absence of significant response, the early addition of a thrombopoietin receptor agonists (TPO-Ras) should also be considered (Provan et al., 2019). A recent systematic review suggested that pregnant women with ITP might be suitable for TPO-Ras treatment, although it was off-label (Snow et al., 2023). In our study, patients in the ITP group benefited from the combined treatment of glucocorticoid and platelet transfusion. If only glucocorticoid was used, the effect was not good. It has been reported that patients with moderate and severe thrombocytopenia should be treated with glucocorticoid and platelet transfusion before cesarean section, in order to quickly stabilize the platelet level and reduce intraoperative bleeding (Gernsheimer et al., 2013). The American Society of Hematology (ASH) 2019 guidelines also recommend that pregnant women with ITP receive corticosteroids or IVIg, and the mode of delivery should be determined based on obstetric indications (Neunert et al., 2019). Moreover, we found that the platelet counts in the GT group and the HDP group treated with glucocorticoids alone increased significantly after treatment, which was consistent with another report (Woudstra et al., 2010). This indicates that monotherapy may be enough to treat mild thrombocytopenia.
Postpartum platelet counts in each group of patients are higher than those before delivery, which reflects the recovery of postpartum platelet production, because the physiological demand for platelet after delivery is reduced. For patients with thrombocytopenia in pregnancy, platelet consumption decreases after delivery, resulting in a significant increase in postpartum platelet count (Ushida et al., 2021). Moreover, PCT refers to the volume percentage of platelets in the blood (Budak et al., 2016). Monitoring PCT can help track the body’s response to platelet turnover/production, especially in severe cases. If PCT is reduced, a higher level of platelet production may be required to make up for the reduced platelets. The postpartum PCT level of patients in each group (except the other group) was significantly higher than that in prenatal, representing the recovery of postpartum platelet consumption. In addition, PDW is a marker of platelet size variability (Budak et al., 2016), and can predict coagulation activation (Liu et al., 2019). Therefore, the decrease of PDW may indicate stable platelet formation and turnover. MPV is a marker of platelet activation (Budak et al., 2016) and can also be considered an indicator of platelet function (Vizioli et al., 2009). The increase of MPV reflects the increase of platelet clearance or destruction (Cines and Levine, 2017a). The decrease of postpartum MPV in this study may represent the improvement of postpartum platelet count. Researchers proposed that MPV can be used to discriminate ITP from thrombocytopenia caused by decreased platelet production (i.e., hypo-productive thrombocytopenia) (Walle et al., 2023). Large platelets are mostly young platelets, and P-LCR refers to the presence of large platelets in the blood and is used to monitor platelet activity (Budak et al., 2016). In our study, the postpartum P-LCR levels in the GT group and the ITP group decreased significantly. Since the overall change trend of platelet count showed an increase after delivery, the decrease of postpartum P-LCR might indicate that platelet production was gradually recovering, and platelets were more mature and smaller in size.
Xie et al. (2021) established the reference interval of TEG parameters including R, K, Ma and α-angle of healthy pregnant women in the third trimester of pregnancy. They found that compared with normal women without pregnancy, R value decreased (without statistical significance), Ma increased significantly, which was consistent with the hypercoagulable state during pregnancy. TEG can help to detect and quantify platelet function, and it is useful to assist physicians in providing targeted medical interventions earlier (Dias et al., 2020). In general, a prolonged R value indicates a deficiency of coagulation factors, a prolonged K value shows a deficiency of fibrinogen, a decrease in MA value indicates either a reduction in platelets or abnormal platelet function, and a decreased CI value indicates a decrease in coagulation factors, a decrease in platelets, or an overactivity of the fibrinolytic system. The correlation between prenatal platelet count and TEG parameters in the HDP group was not significant, which indicated that for HDP patients, in addition to platelet count, there might be other factors that affect the coagulation process (Andersson et al., 2024; Davies et al., 2007; Spiezia et al., 2015). However, platelet counts in the moderate group and severe group were negatively correlated with R value and K value, indicating that lower platelet count resulted in delayed clot formation and weakened coagulation strength. Therefore, it is necessary to perform the TEG test for patients with moderate and severe thrombocytopenia, as these patients have a higher likelihood of blood transfusions. Changes in the R and K values can assist obstetricians in determining the type of blood product that needs to be transfused. Moreover, the traditional view is that cesarean section will aggravate the postpartum hypercoagulable state, because the R, K and α-angle after cesarean section are significantly shortened (Boyce et al., 2011). However, a few studies have revealed that the TEG parameters before and immediately after cesarean section are similar (Macafee et al., 2012; Sharma and Philip, 1997), which does not support the above view. A prospective study measured the changes of TEG parameters during the postnatal period up to 6 weeks after delivery and found that there was still a hypercoagulable state in the maternal body within 3 weeks after delivery (Saha et al., 2009). Compared with vaginal delivery, the thrombus parameters after cesarean section did not increase significantly (Saha et al., 2009). We did not test TEG after delivery, therefore, we were unable to analyze the relationship between postpartum platelet count and TEG parameters.
In clinical, thrombocytopenia not only occurs in ITP, but also in some secondary autoimmune diseases, such as systemic lupus erythematosus, APS, Sjögren’s syndrome, or rheumatoid arthritis. Therefore, we analyzed whether there was a correlation between immune indicators and the types of thrombocytopenia. In our study, there was no statistical difference in the autoimmune antibodies of patients in each group. It seems that immunity has no effect on thrombocytopenia in pregnancy. However, the number of patients undergoing autoimmune antibody testing is relatively small, thus this conclusion needs to be further confirmed by expanding the sample size.
We found that the incidence of low birth weight infants was the highest in the HDP group. This may be due to the impaired placentation caused by HDP, which increases the likelihood of fetal growth restriction (Di Martino et al., 2022). Similarly, the birth weight of newborns in the GT group was the highest, which was significantly higher than that in the HDP group and the ITP group. This is consistent with the mild systemic effects of GT, which is usually transient and self-limiting, and may have the least impact on fetal growth. Grouping according to the severity of thrombocytopenia, the incidence of low birth weight was higher in the severe group compared with the mild group, indicating that severe thrombocytopenia may affect the growth and development of newborns.
This study has some limitations. First, the sample size is limited, and larger sample size research is needed to further verify our results. Second, there may be a potential selection bias in our study. Third, we did not conduct long-term follow-up on the prognosis of newborns. In the future, we can collaborate with pediatricians to perform follow-up on neonates for a longer period, so as to provide more information for clinical practice.
5 CONCLUSION
In conclusion, ITP is associated with more severe thrombocytopenia and bleeding, often presenting in the early stage of pregnancy. Therefore, early screening and management should be carried out for suspected ITP cases. In the treatment of ITP, the combined use of glucocorticoids and platelet transfusion is recommended. GT patients have relatively mild clinical symptoms and less clinical harm, and do not seem to increase the risk of adverse pregnancy outcomes. For most patients with thrombocytopenia during pregnancy, postpartum Hb is significantly lower than that before delivery, suggesting that thrombocytopenia may have aggravated the loss of Hb in these patients. Obstetricians need to pay more attention to the prevention and treatment of postpartum hemorrhage. TEG parameter analysis suggests that patients in the moderate and severe groups may have changes in the blood coagulation and fibrinolysis systems, and changes in the coagulation function of these patients need to be monitored. Newborns delivered by HDP patients are more likely to be transferred to the NICU, and the probability of delivering low birth weight infants is increased. Therefore, more attention should be paid to the monitoring of these newborns. Our study provides new insights into the pregnancy outcomes of pregnant women with thrombocytopenia and lays a foundation for the development of targeted treatment strategies for these patients.
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