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Use of the RCOG risk assessment model
and biomarkers to evaluate the risk
of postpartum venous thromboembolism
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Abstract

Background Venous thromboembolism (VTE) is a leading cause of morbidity and mortality during pregnancy
and the puerperium. The vast majority of VTE occurs after childbirth. China has not yet established standard

risk assessment model for postpartum venous thromboembolism (VTE), the Royal College of Obstetricians and
Gynecologists (RCOG) risk assessment model (RAM) is commonly used in clinic at present. Herein, we aimed to
evaluate the validity of the RCOG RAM in the Chinese population and try to formulate a local risk assessment model
by combining with other biomarkers for VTE prophylaxis.

Methods The retrospective study was conducted from January 2019 to December 2021at Shanghai First Maternity
and Infant Hospital which has approximately 30,000 births annually, and the incidence of VTE, differences between
RCOG-recommended risk factors, and other biological indicators from medical records were evaluated.

Results The study included VTE (n=146) and non-VTE(n=413) women who examined by imaging for suspicion of
postpartum VTE. There was no statistical difference in the incidence rate of postpartum VTE between the low-score
group (23.8%) and the high-score group (28%) after stratification by RCOG RAM. However, we found that cesarean
section (in the low-score group), white blood cell (WBC) > 8.64*10A9/L (in the high-score group), low-density
lipoprotein(LDL) > 2.70 mmol/L, and D-dimer>3.04 mg/L (in both groups) were highly associated with postpartum
VTE. Subsequently, the validity of the RCOG RAM combined with biomarkers as a model for the risk assessment of VTE
was estimated and the results showed that this model has good accuracy, sensitivity, and specificity.

Conclusions Our study indicated that the RCOG RAM was not the best strategy for predicting postpartum VTE.
Combined with some biomarkers (including the value of LDL and D-Dimer, and WBC count), the RCOG RAM is more
efficient when identifying high-risk groups of postpartum VTE in the Chinese population.

Trial registration This purely observational study does not require registration based on ICMJE guidelines.
Keywords Postpartum venous thromboembolism (VTE), The RCOG risk assessment model, Biomarkers

*Correspondence:

Ronghua Che

crh73@5Tmch.com

'Department of Obstetrics, Shanghai First Maternity and Infant Hospital,
School of Medicine, Tongji University, Shanghai 200092, China
%Shanghai Key Laboratory of Maternal Fetal Medicine, Shanghai Institute
of Maternal-Fetal Medicine and Gynecologic Oncology, Shanghai First
Maternity and Infant Hospital, School of Medicine, Tongji University,
Shanghai 200092, China

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12959-023-00510-6&domain=pdf&date_stamp=2023-6-12

Li et al. Thrombosis Journal (2023) 21:66

Introduction

Venous thromboembolism (VTE), including deep venous
thrombosis (DVT) and pulmonary embolism (PE), is a
leading cause of morbidity and mortality during preg-
nancy and the puerperium [1-3]. During pregnancy,
the risk of VTE is increased about 5-fold compared to
non-pregnant women and becomes 30 to 60-fold at post-
partum (especially in 6 weeks post-delivery) [4-7]. The
effective prevention and management of VTE and its
complications are crucial.

Pregnancy is an acquired and independent risk factor
for the development of VTE. The physiological changes
in pregnancy alter the balance of hemostasis to favor
coagulation and so reduce blood loss during childbirth,
such as an increase in the coagulation factor, hyperco-
agulability caused by the hemostatic system, changes
in venous outflow induced by hormones, mechanical
obstruction by the uterus, and vascular injury [8-10].
Besides, previous studies have identified some specific
characteristics which may increase the risk of postpar-
tum VTE, including obesity, preterm delivery, mode of
delivery, previous VTE, postpartum infection, and vari-
cose veins [7, 11-13]. Detailed assessment of pregnant
women can establish a risk profile that would guide clini-
cal decisions, and balance potential therapeutic benefits
with side effects. But the assessment of VTE risk factors
varies depending on the population studied and the data
source used.

To reduce pregnancy-related VTE, Risk assessment
models (RAMs) have been developed to identify high-
risk groups, and to provide early preventive treatment.
However, standardized interventions have not been
agreed on and recommendations for postpartum throm-
boprophylaxis vary among international guidelines [5, 14,
15]. It is also unclear which VTE RAM is best to guide
decision-making for thromboprophylaxis in clinic and
thereby optimize patient care [16]. Since China has not
established its own pregnancy-related VTE risk assess-
ment guidelines, the Royal College of Obstetricians and
Gynecologists (RCOQG) risk assessment model (RAM)
is commonly used in China (including our hospital) for
the risk score and risk stratification of postpartum VTE
at present. whether this model is appropriate for the
Chinese postpartum population remains poorly under-
stood. Considering the above, there is an urgent need to
understand the risk factors and establish an effective risk
assessment model for postpartum VTE in China.

This study aimed to evaluate the effectiveness of the
RCOG RAM, discover other biomarkers for postpartum
VTE, and formulate a local risk model for VTE prophy-
laxis that would help to identify postpartum women at
high risk of developing VTE who could receive thrombo-
prophylaxis in the Chinese population.
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Materials and methods

Study population

We conducted a retrospective study from January 2019
to December 2021 in Shanghai First Maternity and Infant
Hospital, Tongji University School of Medicine, a spe-
cialized hospital of obstetrics and gynecology in Shang-
hai, which has approximately 30,000 births annually. The
data from women examined by imaging for suspicion of
pregnancy-related VTE were collected. Inclusion crite-
ria included women who gave birth beyond 28 weeks of
gestation and completed regular antenatal and postnatal
examinations as well as diagnostic examinations for VTE.
Women who used anticoagulant or anti-platelet drugs
before delivery, with multiple gestations, with antepar-
tum VTE, or with incomplete clinical data were excluded
from this study.

Women diagnosed with VTE during the postpartum
period constituted the VTE group. Women confirmed
without VTE were selected as the control group (non-
VTE group) on the same day.

Data collection
Data were abstracted from the complete electronic
medical chart (EMR), including sociodemographic char-
acteristics, reproductive history, gynecologic history,
previous contraceptive use, obstetric characteristics, and
the results of biomarkers and imaging examinations. At
42 days postpartum, all women came to the hospital for
regular examination and these data were also collected.
The data of biomarkers containing D-dimer level, white
blood cell counts, platelet counts, fibrinogen level, brain
natriuretic peptide (BNP), and other plasma lipid levels
were collected. Blood samples for testing D-dimer were
collected on postpartum day 2, and samples for other
biomarkers were collected on postpartum day 1. All
hematology samples were sent immediately to the labo-
ratory for testing after collection. Plasma concentrations
of D-dimer was measured by using an immunoturbidi-
metric Innovance D-Dimer Assay (Siemens Healthcare
Diagnostics, Marburg, Germany) and a Sysmex CN-6000
instrument (TOA Medical electronics Co., Kobe, Japan).
All biomarker values were obtained from the same labo-
ratory affiliated with the hospital.

Assessment risk of postpartum VTE

Modified 2015 RCOG Guideline on pregnancy-related
VTE was used to determine the postpartum VTE risk
scores and risk levels among postpartum women [5].
The risk of postpartum VTE was divided into 2 levels:
low score (<2 points and without high-risk factors, no
need for thromboprophylaxis), high score (=2 points
and/or with high-risk factors, need for thromboprophy-
laxis). If the risk score greater than or equal to 2 was
recommended for thromboprophylaxis including the
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intermediate and high-risk group in the RCOG RAM, so
we classified those as a high-score group. All scores were
calculated carefully by obstetricians promptly on day 1
postpartum. The detailed scoring method for VTE was
shown in Supplementary Table 1.

The diagnosis of VTE

Imaging evidence was confirmed as the diagnostic cri-
teria for VTE [17]. Deep venous thrombosis (DVT) was
diagnosed by lower extremity venous color Doppler
ultrasound, and pulmonary embolism (PE) was diag-
nosed by computer tomography pulmonary angiography
(CTPA).

Imaging examinations were required for suspicion of
pregnancy-associated VTE if the following conditions
were present [18]: (1) with suspicious symptoms of VTE,
including pain or tenderness when moving limbs, swell-
ing of the limbs, measurement of inconsistencies in the
circumference of the bilateral limbs, or unexplained dys-
pnea, chest pain or cough; or (2) with multiple high-risk
factors and the high D-dimer level, the clinician con-
sidered that the probability for VTE was great. Antico-
agulation and antithrombotic therapy would be applied
immediately when imaging examination confirmed the
diagnosis of VTE.

Statistical analyses
The statistical analysis was performed by SPSS 22.0 (IBM
Corporation, New York, USA). Quantitative data were
described as means=*standard deviation (SD). In univari-
ate analysis, continuous variables were analyzed using the
t-test or the Mann-Whitney U test, and the categorical
variables were analyzed using the Chi-square test, Yate’s
correction of continuity, or Fisher’s exact test. The con-
tinuous variables with statistical significance in biomark-
ers were analyzed by the receiver operating characteristic
curve (ROC). According to their cut-off values, they were
converted to binary classification variables. Before and
After stratification by RCOG risk scores, the high-risk
factors and other biomarkers were compared among the
no-VTE group and the VTE group. Furthermore, to esti-
mate the risk factors of VTE, multiple logistic regression
was performed. Based on the logistic regression model,
the predicted probability and area under the curve (AUC)
of VTE were calculated. Statistical significance was set at
p<0.05.

A checklist of TRIPOD was shown as Supplementary
Tables 2 to identify necessary items regarding the report-
ing of the forecasting model.

Results

Comparison of the general characteristics

We collected data from 678 pregnant women after
screening and 559 women who fulfilled the criteria were
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enrolled in this study. In our cohort, 146 women were
divided into the VTE group, including 107 PE events and
39 DVT events; 413 women without VTE were assigned
to the non-VTE group. According to RCOG RAM, 252
women with a low-risk score (low-score group) and 307
women with a high-risk score (high-score group) were
finally included (Fig. 1).

The general characteristics of the patients in the differ-
ent divided groups were compared. As shown in Table 1,
Age, gravidity, pre-delivery weight and BMI, pre-preg-
nancy weight and BMI, neonatal birth weight, and ges-
tational age at delivery in the high-score group were
significantly higher than those of the low-score group
(P<0.05). Only neonatal birth weight and gestational age
at delivery were the statistical difference between VTE
and non-VTE groups (P <0.05).

Risk scoring and risk stratification based on the RCOG RAM
Table 2 showed that the mean RCOG score of women in
the VTE group was much higher than that of the non-
VTE group (1.90£1.24 vs. 1.65+1.23, P=0.035). How-
ever, VTE was diagnosed in 86(28%)of 307 patients in
the high-score group and 60 (23.8%)of 252 patients in the
low-score group. The incidence rate of VTE between the
two groups was very close and there was no statistical
difference(P=0.26).

Comparison of the other biomarkers in divided group
Table 3 compares the mean biomarker levels between
the VTE Group and the non-VTE group, after stratifica-
tion by RCOG risk scores. For women with a low score,
the mean TC levels in the VTE group were much higher
than that of the non-VTE group (6.74+1.36 vs 6.21+1.42,
P=0.012), other biomarkers showed no significant dif-
ferences between the 2 groups (P >0.05). For women
with a high score, the mean levels of D-Dimer, LDL, and
WBC count were significantly higher in the VTE group
than those in the non-VTE group (P=0.049, 0.010, 0.003,
respectively). There was no statistical difference in other
biomarker levels between VTE and non-VTE groups (P
>0.05).

The biomarkers with statistical significance were ana-
lyzed by the ROC. As shown in Table 4, the area under
the ROC curve (AUC) for the TC, LDL, D-Dimer, and
WBC count were 0.577, 0.576, 0.550, 0.585, The ROC
curve analysis showed the best cut-off point for TC, LDL,
D-dimer level and WBC count within postpartum 48 h
was 6.16 mmol/L, 2.70 mmol/L, 3.04 mg/L, 8.64*10"9/L.
The p-values in Table 4 were obtained using Delong test.
According to the cut-off values, they were converted to
binary classification variables.
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The data from Postpartum woman with suspected VTE(D-dimer
test>3mg/L or Clinically suspected VTE symptoms)

(n=678)
Excluded (n=119)
- Anticoagulant drugs before delivery (n=39)
- Multiple gestations (n=68)
- Incomplete clinical data (n=7)
Study population (n=559) - Antepartum VTE(n=5)
| RCOG Risk Assessment score l CTPA + Bilateral leg CUS
2 scores=low >2 scores=high No-VTE VTE
(n=252) (n=307) (n=413) (n=146)
non-VTE VTE non-VTE VTE PE DVT
(0=192) (n=60) (n=221) (n=86) (n=107) (n=39)

Fig. 1 Study population (Flow chart)

Comparison of the risk factors between the VTE and non-
VTE group, after stratification by RCOG risk scores

After stratifying the population based on the RCOG
risk scores, the risk factors were compared between the
2 groups (Table 5). For women with a lows core, Cesar-
ean section, TC>6.16 mmol/L, LDL>2.70 mmol/L,
D-dimer>3.04 mg/L, and WBC=8.64*10"9/L were sig-
nificantly associated with postpartum VTE (P<0.05).
For women with a high score, we found that the propor-
tions of women in the VTE group with TC=6.16 mmol/L
(P=0.004), LDL>2.70 mmol/L (P=0.000), D-dimer>3.04
mg/L (P=0.003), and WBC=>8.64*10"9/L (P=0.004) were
higher than those in the non- VTE group. Other risk
factors showed no significant differences between the 2
groups.

Multivariable analysis

Risk factors found to be significantly different in uni-
variate analysis were further entered into a multivari-
able logistic regression analysis. Before stratification
by RCOG risk scores, the cesarean section (adjusted
OR=3.392, 95% CIL 2.041-5.635), LDL (adjusted
OR=3.842, 95% CI: 2.353-6.273), D-dimer (adjusted
OR=2.969, 95% CIL: 1.570-5.614), and WBC (adjusted
OR=2.132, 95% CI: 1.399-3.250) were related with
postpartum VTE (Table 6). As shown in Table 7, in
the low-score group, the results indicated that cesar-
ean section (adjusted OR=3.399, 95% CI: 1.81-6.38),
LDL>2.70 mmol/L (adjusted OR=5.16, 95% CI:

2.27-11.74), D-dimer>3.04 mg/L (adjusted OR=4.69,
95% CI: 1.03—-21.38) were associated with elevated risks
of postpartum VTE. In the high-score group, LDL>2.70
mmol/L (adjusted OR=4.19, 95% CIL. 243-7.25),
D-dimer>3.04 mg/L (adjusted OR=3.05, 95% CI: 1.51—
6.16) and WBC=>8.64*10"9/L (adjusted OR=2.82, 95%
CL: 1.67-4.77) were associated with postpartum VTE.
Then, based on the obtained logistic regression model,
the predicted probability of VTE was calculated. The
result (Fig. 2) showed that the AUC was 0.745, the sensi-
tivity was 50.8%, and the specificity was 84.9% in the low-
score group; In the high-score group, the AUC was 0.743,
the sensitivity was 84.8%, and the specificity was 50.6%.
This indicated the Logistic regression model had good
discriminative validity, and this model could effectively
distinguish the high-risk group of VTE.

Discussion

Pregnancy-related venous thromboembolism (VTE)
is a leading cause of maternal mortality and morbidity
in developed countries [19]. The risk for VTE is high-
est during the postpartum period. At present, almost
all guidelines discriminated between low- and high-risk
women, and low-molecular-weight heparin (LMWH)
is considered to be the preferred anticoagulant for both
prophylaxis and treatment of VTE during pregnancy
since it does not cross the placenta and is associated
with a lower rate of bleeding complications than that of
the unfractionated heparin [20-22]. However, the best
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Table 1 Comparison of general characteristics between different divided groups

Variable

VTE group

non-VTE group

(n

high- scoregroup P

(n

low- score group

(n

=146)

(n
32.53+4.09

=413)

=307)

=252)

0.281

32.11+£4.03

1.79+1.13
1.21+045

0.000

3343+4.26

30.74+3.22

age (years)

0.284
0.101

1.90+1.15

0.000

1.61+0.86

Gravidity (n)
Parity (n)

1.28+048
56.94+9.16

0.097

1.25+049

0.792

57.17+9.09
71.04+9.94
13.87+4.66
22.00+3.19

0.000

58.38+9.71

55.55+8.04
69.18+9.07
13.62+4.82
21224271
2643+298

Weight before pregnancy (kg)

Weight before delivery (kg)

(2023) 21:66

0.129

0.252
0403
0.0

0400

70.23+£9.95
13.29+538
21744332
26.82+3.63

27.32+3.39

0.000
0.670
0.000
0.000

72.18+£1041
13.80+4.78
22.50+348
27.81+3.69

Gain weight during pregnancy (kg)
BMI before pregnancy (kg/m?)

BMI before delivery (kg/m?)
Neonatal birth weight(g)

3218.18+612.55
3839+227

3345.09+525.30
38.81+1.85

0.002

3249.46 +£629.66
38314233

3388.06+427.41

39.17£1.

0.029

0.000

30

Gestational age at delivery (weeks)

Abbreviation:

BMI Body mass index
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Table 2 The RCOG risk score and risk level in the VTE group and
non-VTE group

non-VTE  VTE group P
group (n=146)

(n=413)

1.65+123 190+1.24 0035

Score (mean +SD)
Risk level, n (%)
Low score 192 (76.2) 60(23.8) 0.260
high score 221(72.0) 86(28.0)

Abbreviations: RCOG The Royal College of Obstetricians and Gynecologists, VTE
Venous thromboembolism

strategy to assess and prevent postpartum VTE has not
been determined so far [23, 24]. The previous study indi-
cated the high discrepancy between guidelines regarding
the prevention of postpartum VTE [25]. The RCOG risk
assessment model is one of the most widely used scales
for pregnancy-related VTE, but its applicability to the
Chinese population is still poorly understood.

Although the mean RCOG score of women in the
VTE group was higher than that of the non-VTE group
in our study, both groups scored below 2. Furthermore,
we found that there was no difference in the incidence of
VTE between the high-score and low-score groups strati-
fied according to RCOG ARM. In the high-score group,
low-molecular heparin was used for prophylaxis accord-
ing to the RCOG guideline, but many people still devel-
oped VTE. We suggested that it might be related to the
inadequate dose of prophylaxis or the need to use other
prophylactic strategies in combination. Although there
were no clinical risk factors in the low-score group, a
significant proportion experienced VTE. Whether these
people should be alerted to VTE and treated with throm-
boprophylaxis requires further study. Our results indi-
cated that the validity of the RCOG RAM for postpartum
VTE in Chinese women was not high, but contrary to
a previous study which may be related to the relatively
small sample size of their study [26]. It reminded us that
we still need to look for other risk factors that can be
used to effectively assess the risk of VTE. If the risk of
postpartum VTE is assessed only based on RCOG guide-
lines, the administration of low-molecular-weight hepa-
rin (LMWH) may be inaccurate and the truly high-risk
groups will be ignored and not receive precautions.

Cesarean section was significantly associated with post-
partum VTE in the low-risk group based on RCOG RAM
in this study. It was speculated that the value of cesarean
delivery in predicting postpartum VTE was underesti-
mated in the RCOG model. Women undergoing cesarean
section need more individualized thrombosis prevention
measures [27], such as the placement of pneumatic com-
pression devices before cesarean delivery for all women
according to the American College of Obstetricians and
Gynecologists (ACOG) recommendations [14].
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Table 3 Comparison of the biomarker Levels between the VTE Group and the no-VTE group, after stratification by RCOG risk scores

Variable low-risk group high-risk group
non-VTE(n=192) VTE(n=60) P non-VTE(n=221) VTE(n=86) P

D-Dimer(mg/L) 7.10£5.81 7.30£5.23 0.823 536+533 6.77%£6.05 0.049
Fibrinogen (g/L) 3.63+0.74 3.66+0.80 0.752 3.85+0.87 3.77+0.90 0492
BNP(pg/ml) 66.22+64.05 77.60+78.93 0260 80.37+82.64 99.52+100.16  0.088
Hcy (umol/L) 6.46+1.84 6.41+1.89 0861 7.31+4.86 7.04£3.05 0.668
TG (mmol/L) 3.53+1.90 3.64+1.69 0.689 3.86+1.98 3.94+1.31 0.643
TC (mmol/L) 6.21+1.42 6.74+1.36 0.012 6.12+1.36 6.37+1.27 0.144
HDL (mmol/L) 2.08+0.46 1.95+043 0067 1.97+047 1.86+0.45 0.105
LDL (mmol/L) 348+1.07 3.69+1.08 0221 3.21£0.90 3.54+0.92 0.010
ApoAl(g/L) 1.89+0.38 1.92+0.40 0566 1.81+0.38 1.80£0.45 0.833
ApoB(g/L) 1.28+0.32 1.34+0.26 0182  1.29+0.29 1.32+0.32 0468
WBC(A10%/L) 8.36+2.23 8.77+2.18 0209 825+2.11 9.13+2.34 0.003
HCT(%) 35.75+2.81 35.69+6.37 0950 36.13+£8.38 35.30+3.42 0372
Platelet count (10A9/L) 193.28+53.23 180.55+49.74  0.102  192.07+5645 197.61+£5147 0430

Abbreviations: BNP Brain natriuretic peptide, Hcy Homocysteine, TG Total glyceride, TC Total cholesterol, HDL High-density lipoprotein, LDL Low-density lipoprotein,
ApoAT Apolipoprotein A1, ApoB Apolipoprotein B, WBC White blood cell, HCT Red blood cell specific volume

Table 4 ROC Analysis for biomarkers predicting VTE

Variable AUC 95%Cl P Cut-off Sensitivity Specificity
TC(mmol/L) 0577 0.518-0.635 0012 6.16 0682 0468
LDL(mmol/L) 0.576 0.519-0.634 0012 2.70 0.864 0.289
D-Dimer (mg/!) 0.550 0.098-0.492 0.098 3.04 0917 0.225
WBC(10™/L) 0.585 0.527-0.643 0.005 8.46 0.553 0.592

Abbreviations: TC Total cholesterol, LDL Low density lipoprotein, WBC White blood cell

In our cohort, we found that some biomarkers could be
considered as risk factors for postpartum VTE, includ-
ing LDL, D-Dimer, and WBC. The ROC curve analysis
revealed the best cut-off point for LDL, D-dimer, and
WBC count within postpartum 48 h was 2.70 mmol/L,
3.04 mg/L, and 8.64*1079/L. After stratification by
RCOG RAM, the multivariable logistic regression analy-
sis and the ROC analysis further confirmed that RCOG
RAM combined with these biomarkers had good dis-
criminative validity, and this model could more accu-
rately predict women with high risks of VTE.

D-dimer is a sensitive marker for VTE and it excludes
VTE without the need for further testing among patients
with a low clinical probability of PE [28, 29]. However,
for pregnant women, D-dimer concentration increased
progressively during the pregnancy and peaked on the
first postpartum day [30]. It is necessary to find a specific
D-dimer threshold to assist the diagnosis. Some studies
proved the predictive value of the D-dimer test for preg-
nancy-related VTE by raising the cutoff value or finding a
higher D-dimer reference range [30-32]. Our finding was
consistent with previous studies and the recommended
cut-off value of D-dimer was 3.04 mg/L.

The low-density lipoprotein (LDL) belongs to lipids.
A case-control study indicated that VTE was associated
with extreme values of TC and LDL-c [33]. However,
van Schouwenburg et al. showed that LDL levels did
not influence the risk of venous thromboembolism in a

population-based cohort [34]. The association of LDL
with postpartum VTE was confirmed for the first time in
our study. The LDL>2.70mmol/L was considered a high-
risk factor for postpartum VTE.

It is well known that white blood cells (WBC) are
involved in the inflammatory response. Previous research
concluded that the inflammatory response may be both
the cause and consequence of venous thromboembo-
lism (VTE) [35, 36]. Khorana et al. found that WBC
counts more than 11x10(9)/L was a predictive variable
for hemotherapy-associated VTE [37]. Despite throm-
boprophylaxis, an elevated WBC count has been sug-
gested as an independent risk factor for in-hospital VTE
[38]. Our findings suggested that WBC counts more
than 8.64*10"9/L increased the risk of postpartum VTE.
Therefore, we could postulate the elevated WBC count
involved in the inflammatory response and contributed
to the development of postpartum VTE.

The post-hoc analysis also shares the limitations of
most retrospective studies, such as biases of an unknown
nature and failure to accurately ascertain outcomes. We
explored the ability of the RCOG RAM to assess the
risk of postpartum VTE in a population with imaging
evidence., considering that VTE cannot be confirmed
without imaging data. However, the majority of pregnant
women delivering in our hospital who were asymptom-
atic and hence did not have imaging are not included.
The majority of this group would fall into the low-score
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Table 6 Multivariable Analysis before stratification by RCOG risk

scores

Variable B Wald P OR 95% Cl
Mode of delivery 1221 22232 0000 3392 2041-5635
Neonatal birth weight  0.000 3345 0.067 1.000 0.999-1.000
TC 0411 2207 0137 1509 0877-2597
ApoB -0.114 0157 0692 0892 0506-1.571
D-dimer 1.088 11.208 0.001 2969 1570-5614
LDL 1346 28965 0000 3.842 2353-6.273
WBC 0.757 12389 0000 2132 1.399-3250

Abbreviations: TC Total cholesterol, ApoB Apolipoprotein B, LDL Low-density
lipoprotein,

WBC white blood cell

category if assessed by the RCOG RAM and did not go
on to have post-partum VTE. It would therefore be use-
ful to know what proportions of this group of asymptom-
atic pregnant women would be categorised as low or high
score according to the RCOG RAM. This study did not
include women who used anticoagulants or antiplatelet
drugs prenatally because previous studies have shown
that the use of these drugs can have some effects on the
coagulation indicators, such as D-dimer [39-41], plate-
lets [42—44]. This might lead to a lower risk score and
incidence of VTE in the high-score group. The cut-off

Table 7 Multivariable Analysis after stratification by RCOG risk scores

Page 8 of 10

value of various biomarkers obtained on the ROC curve
with an AUC close to 0.5 lacked some reliability. This was
a limitation, but it is still meaningful in terms of the final
results. In addition, this study is a single-center retro-
spective study even with a relatively robust sample size,
and the generalizability still has to be studied.

Conclusion

This study had at least two important findings. Firstly,
this study indicated that the application of the RCOG
RAM to assess the risk of postpartum VTE in China was
not the best strategy, while the role of cesarean section
in postpartum VTE needs more attention. Secondly,
we arrived at the outcome that the LDL, D-dimer, and
WBC were potential risk factors for postpartum VTE.
Combining these biomarkers (including LDL, D-dimer,
and WBC) with RCOG models, predicting VTE out-
comes yielded meaningful improvements in the Chinese
population.

Abbreviations
VTE Venous thromboembolism

RCOG Royal College of Obstetricians and Gynecologists
ARM Risk assessment model

ROC Receiver operating characteristic curve

AUC Area under the curve

RCOG score Variable B Wald P OR 95% Cl

low-score mode of delivery 1.223 14.498 0.000 3.399 1.811-6.381
D-dimer 1.546 3.991 0.046 4.692 1.030-21.380
LDL 1.641 15.295 0.000 5.160 2.267-11.744

high-score D-dimer 1.114 9.618 0.002 3.046 1.507-6.158
LDL 1434 26326 0.000 4.194 2425-7.253
WBC 1.037 14918 0.000 2.819 1.666-4.771

Abbreviations: RCOG The Royal College of Obstetricians and Gynecologists, LDL Low-density lipoprotein,

WBC white blood cell

A)

1.0

Sensitivity

0.0

0.0 02 04 0.6 0.8 1.0
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(B)
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Fig. 2 Mean receiver operating characteristic curves of (A) low-score group and (B) high-score group in prediction model by ROC analysis
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TC Total cholesterol

LDL Low-density lipoprotein
WBC White blood cell

BMI Body mass index

BNP Brain natriuretic peptide
Hey Homocysteine

TG Total glyceride

HDL High-density lipoprotein

ApoAT  Apolipoprotein Al

ApoB Apolipoprotein B

HCT Red blood cell-specific volume

DM Diabetes mellitus

GDM Gestational diabetes mellitus

IVF In-vitro fertilization

ACOG American College of Obstetricians and Gynecologists
LMWH  Low-molecular-weight heparin
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