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Abstract 

Background:  Venous thromboembolism often develops after surgery and childbirth, resulting in death in some 
cases. Although early deep vein thrombosis (DVT) detection can predict pulmonary thromboembolism, there is no 
early screening method for DVT in pregnant women. Lack of consensus regarding significance or setting and cut-off 
value interpretation of D-dimer levels further impedes venous thromboembolism screening in pregnant women.

This study aimed to examine the utility of third-trimester serum D-dimer levels as a screening test for DVT during 
pregnancy and to determine the frequency of asymptomatic DVT using lower-limb compression ultrasonography.

Methods:  This single-center retrospective study included 497 pregnant women who underwent elective cesarean 
section at term in our hospital between January 2013 and December 2019. Serum D-dimer levels were preoperatively 
measured at 32–37 weeks’ gestation. The presence or absence of DVT in patients with serum D-dimer levels ≥ 3.0 µg/
ml, the cut-off value, was examined using compression ultrasonography. In all patients, the presence or absence of 
clinical venous thrombosis (symptoms such as lower-limb pain, swelling, and heat sensation) was examined within 4 
postoperative weeks.

The Royal College of Obstetricians and Gynecologists Guideline 2015 was referred to determine risk factors for the 
onset of venous thrombosis during pregnancy. Among those, we examined the risk factors for DVT that result in high 
D-dimer levels during pregnancy.

Results:  The median age and body mass index were 35 (20–47) years and 21.2 (16.4–41.1) kg/m2, respectively. 
Further, the median gestational age and D-dimer levels were 37 weeks and 2.1 (0.2–16.0) µg/ml, respectively. Com-
pression ultrasonography was performed on 135 (26.5%) patients with a D-dimer level ≥ 3.0 µg/ml, with none of the 
patients showing DVT. All patients were followed up for 4 postoperative weeks, with none presenting with venous 
thromboembolism. Multivariate analysis showed that hypertensive disorders of pregnancy are an independent 
risk factor for venous thromboembolism that causes high D-dimer levels (odds ratio: 2.48, 95% confidence interval: 
1.05–6.50, P = 0.04).

Conclusion:  There may be low utility in screening for DVT using D-dimer levels in the third trimester. Further, prepar-
tum asymptomatic DVT has a low frequency, indicating the low utility of compression ultrasonography.

Trial registration:  Institutional Review Board of Tottori University Hospital (IRB no. 20A149).

© The Author(s) 2022. 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://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Open Access

*Correspondence:  komatsu.h.med@gmail.com
Department of Obstetrics and Gynecology, Tottori University School 
of Medicine, 36‑1 Nishicho, 683‑8504, Tottori Prefecture, Yonago, Japan

https://www2.hosp.med.tottori-u.ac.jp/departments/center/amirt/files/44627.pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12884-021-04353-9&domain=pdf


Page 2 of 8Miyamoto et al. BMC Pregnancy and Childbirth           (2022) 22:21 

Background
Prevention of venous thromboembolism (VTE) is criti-
cal since it often develops after surgery and childbirth, 
resulting in death in some cases. Perioperative VTE 
prevention is generally managed based on risk factors, 
including the degree of surgical invasion, age, and obesity 
[1, 2]. The three VTE components include venous sta-
sis, vascular endothelial damage, and hypercoagulability 
(Virchow’s triad) [3]. Given that pregnancy has all three 
components, VTE frequency is 5.5 ± 6 times higher in 
pregnant women than in general women of childbearing 
age [4, 5].

In the United Kingdom and the United States, the VTE 
frequency in pregnant women is estimated to be 50–200 
events per 100,000 pregnancies [6]. In Japan, VTE-related 
deaths account for approximately 7% of all maternal 
deaths, with its main cause being pulmonary thrombo-
embolism (PTE) [7]. However, PTE rarely develops inde-
pendently and is often caused by deep vein thrombosis 
(DVT) [2]. Although early DVT detection can predict 
PTE, there remains no early screening method for DVT 
in pregnant women.

Generally, serum D-dimer levels and imaging tests, 
including contrast-enhanced computed tomography (CT) 
examination and lower-limb compression ultrasonogra-
phy (CUS), are recommended as screening methods for 
VTE [8]. However, contrast-enhanced CT examination 
cannot be easily performed on pregnant women, given 
the effects of radiation exposure and contrast medium 
on the fetus. Moreover, performing CUS on all pregnant 
women is challenging, given the heavy burden on labo-
ratory technicians. D-dimer levels are often increased 
during pregnancy. The lack of consensus regarding the 
significance of the measurement of D-dimer levels as well 
as the setting and interpretation of its cut-off values, fur-
ther impedes VTE screening in pregnant women.

DVT screening is crucial since the VTE risk after cesar-
ean section is 3.7-fold higher than that after vaginal deliv-
ery [9]. Previously, we defined patients with D-dimer 
levels ≥ 10 µg/ml on the first day after the cesarean sec-
tion as DVT high-risk patients; further, we found that 
enoxaparin administration from the day after surgery 
could effectively prevent DVT [10]. However, the lack 
of DVT screening, including preoperative D-dimer lev-
els and CUS, was observed as a limitation. Only a few 
studies have investigated asymptomatic DVT screening; 
additionally, the frequency of preoperative asymptomatic 
DVT remains unclear, with the frequency of asymp-
tomatic DVT after cesarean section being reported to 

be 3.9% [11]. We aimed to investigate the relationship 
between D-dimer levels measured in the third trimester 
and perioperative VTE. Further, we aimed to determine 
the frequency of preoperative asymptomatic DVT and 
risk factors causing high D-dimer levels.

Methods
This single-center retrospective study was conducted at 
Tottori University Hospital. We included 497 patients 
who underwent elective cesarean section at 37–38 weeks’ 
gestation from January 2013 to December 2019. Serum 
D-dimer levels were measured at 32–37 weeks’ gestation 
as a preoperative DVT screening test. The cut-off value 
for serum D-dimer levels was set at 3.0 µg/ml, which was 
twice the 95th percentile value in the third trimester of 
approximately 1.5  µg/ml [12]. Further, we examined for 
the presence or absence of DVT in patients with D-dimer 
levels ≥ 3.0  µg/ml using lower-limb CUS. Patients with 
D-dimer levels < 3.0 µg/ml were followed up, with a focus 
on the presence or absence of clinical venous thrombosis 
(with symptoms such as lower-limb pain, swelling, and 
heat sensation). We used the latex immunoassay method 
to measure D-dimer levels.

Eligible participants were patients managed at our hos-
pital from mid-pregnancy to postpartum examination. In 
order to examine the significance of the D-dimer value 
as a preoperative DVT screening, pregnant women aged 
32–37  weeks’ gestation, which is the timing for general 
preoperative examination, were included. Patients who 
underwent emergency cesarean section were excluded 
because there was no time to measure D-dimer and to 
perform lower-limb CUS preoperatively. Patient infor-
mation, including clinical and medical history, was col-
lected from the medical records during the first medical 
examination. Additionally, we examined for the presence 
or absence of clinical venous thrombosis within 4 post-
operative weeks (Fig. 1).

The eligibility criteria for enoxaparin administration for 
postoperative DVT prevention included age ≥ 35  years, 
body mass index (BMI) ≥ 27 kg/m2, bedrest of ≥ 2 weeks, 
and thrombophilia (antiphospholipid antibody syndrome 
and AT-III/protein C or protein S deficiency). Addition-
ally, enoxaparin was administered for 7  days starting 
from postoperative day 1, regardless of the preoperative 
D-dimer levels. As our treatment policy, we ensured that 
the patient got out of bed on postoperative day 1.

The study endpoints were the serum D-dimer levels 
in the third trimester, frequency of asymptomatic DVT 
determined through prepartum CUS, presence/absence 
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of VTE risk factors causing high D-dimer levels during 
pregnancy, and presence/absence of clinical DVT within 
4 postoperative weeks. VTE risk factors were deter-
mined based on the Royal College of Obstetricians and 
Gynecologists Guideline 2015. The high-risk factor was 
a history of experiencing VTE ≥ 2 times. Medium-risk 
factors included a history of thrombophilia; thrombo-
sis; cardiopulmonary disease; connective tissue diseases, 
including systemic lupus erythematosus; malignant 
tumor; inflammatory bowel disease; nephrotic syndrome; 
and paralysis. Low-risk factors included age ≥ 35 years at 
pregnancy; BMI ≥ 25 kg/m2; and a history of hospitaliza-
tion during pregnancy (≥ 14 days), multiple pregnancies, 
hypertensive disorders of pregnancy (HDP), thrombo-
philia, and smoking. HDP included preeclampsia, ges-
tational hypertension, superimposed preeclampsia, and 
chronic hypertension.

The Mann–Whitney U-test and Fisher’s exact test were 
used to investigate the significance of differences. Moreo-
ver, we performed multivariate analysis to fit a Cox pro-
portional hazards model. Statistical significance was set 
at P < 0.05. All statistical analyses were performed using 
GraphPad Prism 8.3 software (GraphPad Software, Inc., 
La Jolla, CA, USA).

This study was approved by the Institutional Review 
Board of Tottori University Hospital (IRB no. 20A149). 

All patients provided written informed consent follow-
ing the institutional guidelines.

Results
Table 1 presents the patients’ background characteristics. 
The median age and BMI at the time of D-dimer meas-
urement were 35 (20–47) years and 21.2 (16.4–41.1) kg/
m2, respectively. The median gestational age at deliv-
ery and D-dimer measurements were 37 and 35  weeks, 
respectively; further, the median D-dimer level was 2.1 
(0.2–16.0) µg/ml (Figs. 2 and 3). There was no difference 
in the age and BMI between patients divided based on a 
D-dimer cut-off value of 3.0 µg/ml. CUS was performed 
on 135 (26.5%) patients with a D-dimer level ≥ 3.0 µg/ml, 
with none showing DVT. None of the patients presented 
with clinical VTE within 4 postoperative weeks. Enoxa-
parin was administered to 180 (36%) patients.

Table  2 lists the patients with VTE risk factors. As 
regards the low-risk factors, 257 (51.7%) patients 
were ≥ 35  years old at pregnancy, 70 (14.0%) had 
BMI ≥ 25  kg/m2 at pregnancy, 113 (22.7%) had a his-
tory of hospitalization during pregnancy (≥ 14  days), 
53 (10.6%) had a history of multiple pregnancies, 28 
(5.6%) had a history of HDP, and 2 (0.4%) had a his-
tory of smoking. Regarding medium-risk factors, 13 
(2.6%) patients had thrombophilia; 3 (0.6%) patients 

Fig. 1  Flowchart showing screening for DVT in our institution. D-dimer levels measured in the third trimester before C/S. C/S, cesarean section; 
DVT, deep vein thrombosis
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had connective tissue diseases, including systemic lupus 
erythematosus; and 2 patients (0.4%) had cardiopulmo-
nary disease, malignant tumor, and paralysis. Notably, 
none of the patients presented with high-risk factors. To 
identify risk factors that cause D-dimer levels > 2.1  µg/
ml (median value), we performed a multivariate anal-
ysis of the following low-risk factors for VTE that 
showed a particularly high frequency: age ≥ 35  years; 
BMI ≥ 25  kg/m2; and history of hospitalization dur-
ing pregnancy, multiple pregnancies, and HDP. We 
identified HDP as an independent risk factor for high 

D-dimer levels (odds ratio: 2.48; 95% confidence inter-
val: 1.05–6.50 (Fig. 4).

Discussion
Principal findings
As preoperative DVT screening, we measured serum 
D-dimer levels in the third trimester in pregnant women 
scheduled for elective cesarean section. CUS revealed no 
DVT in pregnant women with D-dimer levels of ≥ 3 µg/
ml; further, none of the patients presented with clinical 
VTE within 4 postoperative weeks. Furthermore, HDP 

Table 1  Patient characteristics and outcomes

There was no asymptomatic DVT before C/S

BMI body mass index, DVT deep vein thrombosis, C/S cesarean section, VTE venous thromboembolism

Data are presented as median (interquartile range), N[%] or N. Comparisons were performed using the Mann–Whitney U test

N = 497 D-dimer level ≥ 3.0 D-dimer level < 3.0 P
N = 135 N = 362

Age (y) 35 35 35 0.91

(20–47) (21–46) (20–47)

BMI (kg/m2) 21.2 20.9 22.5 0.04

(16.4–41.1) (16.5–41.1) (16.4–39.7)

D-dimer (μg/ml) 2.1 4.6 1.8  < 0.001

(0.2–16.0) (3.0–16.0) (0.2–2.9)

Enoxaparin [%] 180[36] 45[33] 135[37]

DVT (asymptomatic) - 0 -

Clinical VTE, N 0 0 0

Fig. 2  The median D-dimer level in the third-trimester before C/S was 2.1 μg/ml. C/S, cesarean section
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was identified as a risk factor for VTE that caused high 
D-dimer levels.

Results in the context of what is known
D-dimer levels increase during pregnancy, which could 
involve continuous functioning of the coagulation/
fibrinolytic system during placenta development and also 
increase in fibrin resulting from blood stagnation in the 

lower limbs due to uterus enlargement [13, 14]. Toward 
late pregnancy, D-dimer levels are increased, with those 
in the third trimester exceeding normal values (< 0.5 µg/
ml) in ≥ 90% of patients [12, 15–19]. However, in this 
study, D-dimer levels after cesarean section were found 
to significantly decrease to 7.5 (1.1–34.1) and 4.2 (0.02–
31.4) µg/ml on postoperative days 1 and 6, respectively 
[10]. Subsequently, they returned to pre-pregnancy levels 

Fig. 3  In most cases, D-dimer levels were measured at 35 weeks; further, the median D-dimer value tended to increase with each week

Table 2  Risk factors for VTE and D-dimer levels

Risk factors for VTE were extracted with reference to the Royal College of Obstetricians and Gynecologists Guideline 2015

VTE venous thromboembolism, HDP hypertensive disorders of pregnancy, BMI body mass index

Risk N = 497(%) D-dimer ≧3.0 D-dimer < 3.0
N = 135(%) N = 362(%)

Low Age ≧35 years 257(51) 74(54) 183(50)

BMI ≧25.0 kg/m2 70(14) 12(8) 58(16)

Hospitalization ≧14 days 113(22) 46(34) 67(18)

Multiple pregnancy 53(10) 27(20) 26(7)

HDP 28(5) 10(7) 18(4)

Smoker 2(0.4) 0 2(0.5)

Moderate Thrombophilia 13(2) 5(3) 8(2)

VTE history = 1 time 0 0 0

Cardiopulmonary disease 2(0.4) 0 2(0.5)

Inflammatory bowel disease 0 0 0

Connective tissue disease 3(0.6) 3(2) 0

Malignant tumor 2(0.4) 0 2(0.5)

Paralysis 2(0.4) 0 2(0.5)

Nephrotic syndrome 0 0 0

High VTE history ≧2 times 0 0 0
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at around 6  weeks postpartum [20, 21]. Therefore, we 
performed CUS in 135 (26.5%) patients; however, none 
of the patients presented with a thrombus. Although the 
frequency of asymptomatic DVT after a cesarean section 
has been reported to be 3.9% [12], the frequency of pre-
operative asymptomatic DVT is likely to be low. These 
findings suggest that DVT is highly likely to occur during 
the perioperative period. Therefore, there is no consider-
able utility in preoperative DVT screening, while intra-
operative and postoperative DVT prevention is crucial. 
Additionally, DVT visualization in the pelvis becomes 
challenging in the second half of pregnancy because of 
uterus enlargement. Since this increases the burden on 
laboratory technicians, it should be postoperatively per-
formed to allow work efficiency and diagnostic accuracy 
[3, 22, 23]. However, future studies should determine the 
selection criteria for postoperative examinations.

Currently, the most predominant theory of HDP 
pathology is the two-step theory, that is, placental dys-
plasia (first step) at 10–18 weeks’ gestation and maternal 
vascular endothelial damage (second step) after 20 ges-
tation weeks [24]. These damages neutralize angiogenic 
factors (placenta growth factor and vascular endothelial 
growth factor) and vascular endothelial damage, which 
causes high blood pressure and proteinuria. Several 
studies have reported elevated D-dimer levels in HDP 
(gestational hypertension) and preeclampsia [25, 26]. 
Furthermore, D-dimer levels may reflect disease severity 
[27]. This could be attributed to the exhibition of a hyper-
coagulable state in vascular endothelial damage. Moreo-
ver, the advanced fibrinolytic system increases D-dimer 
levels, which is a fibrin degradation product. Uttam et al. 
examined D-dimer levels in preeclampsia, severe preec-
lampsia, gestational diabetes mellitus, premature rupture 

of membranes, and preterm premature rupture of mem-
branes. They observed elevated D-dimer levels in severe 
preeclampsia [18], which is consistent with our findings. 
This indicates that HDP is a risk factor for DVT that 
causes high D-dimer levels. In addition to the hyperco-
agulable state of pregnancy, HDP may have caused pla-
cental dysplasia and vascular endothelial damage given 
its characteristic pathology; moreover, the hypercoagula-
tion/fibrinolytic system may have further progressed to 
yield high D-dimer levels.

Recent studies have strongly recommended develop-
ing postoperative anticoagulants and early ambulation 
for VTE prevention, which have decreased the VTE fre-
quency. Specifically, the VTE frequency after a cesarean 
section was found to decrease by 40% compared with 
the frequency in the 1990s [28–30]. We postoperatively 
administered enoxaparin in 180 (36.2%) patients, with 
none of the patients showing clinical VTE.

Clinical implications
To the best of our knowledge, this is the first study to 
demonstrate the low utility of the D-dimer cut-off value 
of 3.0  µg/ml in the third trimester as a DVT screening. 
Moreover, our findings suggest that CUS for asympto-
matic thrombus before cesarean section may be of little 
significance.

Research implications
There is a need for future clinical studies with continuous 
intervention to consistently collect data at the early phase 
of pregnancy, as well as during preoperative, postopera-
tive, and postpartum periods. Accordingly, a multi-center 
study is currently being planned involving other medical 
institutions.

Fig. 4  Multivariate analysis of risk factors for DVT associated with D-dimer levels of ≥ 2.1 μg/ml. HDP was an independent risk factor associated with 
high D-dimer levels. BMI, body mass index; CI, confidence interval; DVT, deep vein thrombosis; HDP, hypertensive disorders of pregnancy
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Strengths and limitations
This study has several limitations. First, this was a single-
center and small-scale study. Because most of the cases 
examined are low-risk DVT cases, it is important to 
require more extensive clinical data for high-risk cases. 
Second, we did not investigate temporal changes in coagu-
lation factors. Since the blood coagulation ability easily 
changes during pregnancy, time-course measurements 
may be required. Third, we did not evaluate DVT within 
4 post-delivery weeks using CUS. Therefore, the presence 
of asymptomatic DVT could not be excluded. In addition, 
our study has not examined the risk of anatomical malfor-
mations such as inferior vena cava atresia or May-Thurner 
Syndrome.

A strength of our study is that standardized CUS was 
performed in a single center. Moreover, we only included 
patients undergoing elective cesarean sections. By only 
including patients with a delivery period of 37–38 weeks, 
we minimized the bias among patients in the timing of 
D-dimer measurements, delivery period, and postpartum 
process.

Conclusions
There may be low utility in screening for DVT using 
D-dimer levels in the third trimester. Further, prepartum 
asymptomatic DVT has a low frequency, indicating the low 
utility of CUS.

Abbreviations
BMI: Body mass index; CT: Computed tomography; CUS: Compression ultra-
sonography; DVT: Deep vein thrombosis; HDP: Hypertensive disorders of preg-
nancy; PVT: Pulmonary thromboembolism; VTE: Venous thromboembolism.
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