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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 ug/
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/mz, respectively.
Further, the median gestational age and D-dimer levels were 37 weeks and 2.1 (0.2-16.0) ug/ml, respectively. Com-
pression ultrasonography was performed on 135 (26.5%) patients with a D-dimer level > 3.0 ug/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).
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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 pg/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 ug/ml, which was
twice the 95™ percentile value in the third trimester of
approximately 1.5 pug/ml [12]. Further, we examined for
the presence or absence of DVT in patients with D-dimer
levels > 3.0 pug/ml using lower-limb CUS. Patients with
D-dimer levels < 3.0 pg/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 l<g/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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D-dimer measurement

N=497

D-dimer <3.0pg/ml

D-dimer =3.0pg/ml

N=362

N=135

Lower limb compression

ultrasonography
- N=135
Elective C/S
N=497
Enoxaparin
N=180

Follow-up 4 weeks postpartum

DVT, deep vein thrombosis

N=497

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;

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/m? 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.,
LaJolla, 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/
m?, 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) pg/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 pg/ml. CUS was performed
on 135 (26.5%) patients with a D-dimer level > 3.0 pg/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/m? 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
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Table 1 Patient characteristics and outcomes
N=497 D-dimer level > 3.0 D-dimer level < 3.0 P

N=135 N=362

Age (y) 35 35 35 091
(20-47) (21-46) (20-47)

BMI (kg/m?) 212 209 225 0.04
(164-41.1) (16.5-41.1) (16.4-39.7)

D-dimer (pg/ml) 2.1 46 18 <0.001
(0.2-16.0) (3.0-16.0) (02-2.9)

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

DVT (asymptomatic) - 0 -

Clinical VTE, N 0 0 0

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
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Fig. 2 The median D-dimer level in the third-trimester before C/S was 2.1 pg/ml. C/S, cesarean section

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 pg/
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/m% 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 pg/
ml; further, none of the patients presented with clinical
VTE within 4 postoperative weeks. Furthermore, HDP
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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 N=497(%) D-dimer 23.0 D-dimer<3.0
N=135(%) N=362(%)
Low Age 235 years 257(51) 74(54) 183(50)
BMI 225.0 kg/mz 70(14) 12(8) 58(16)
Hospitalization 214 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.
Nephrotic syndrome 0 0 0
High VTE history 22 times 0 0 0

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

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 pg/
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) pg/ml on postoperative days 1 and 6, respectively
[10]. Subsequently, they returned to pre-pregnancy levels
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—e—i 2.48 1.05-6.50 0.04
Multiple pregnancy H——i 1.51 0.84-4.06 0.13
Hospitalization - —e— 1.56 0.89-2.71 0.11
BMI=25 o= 0.78 0.54-1.12 0.18
Maternal age =35 o 1.19 0.95-1.36 0.09
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Fig. 4 Multivariate analysis of risk factors for DVT associated with D-dimer levels of > 2.1 ug/ml. HDP was an independent risk factor associated with
high D-dimer levels. BMI, body mass index; Cl, confidence interval; DVT, deep vein thrombosis; HDP, hypertensive disorders of pregnancy

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 1018 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 pg/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.
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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.
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sonography; DVT: Deep vein thrombosis; HDP: Hypertensive disorders of preg-
nancy; PVT: Pulmonary thromboembolism; VTE: Venous thromboembolism.

Acknowledgements

We would like to express our sincere gratitude to Editage for providing assis-
tance in language correction and writing and for their proofreading services
for this manuscript.

Authors’ contributions
KM analyzed and interpreted the patient data. HK was a major contributor in
writing the manuscript. All authors read and approved the final manuscript.

Funding
This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.

Availability of data and materials
All data generated or analyzed during this study are included in this published
article.

Declarations

Ethics approval and consent to participate

This study was approved by the Institutional Review Board of Tottori University
Hospital (IRB no. 20A149). All patients provided written informed consent
following the institutional guidelines. All methods were carried out in accord-
ance with relevant guidelines and regulations.

Consent for publication
Not applicable.

Page 7 of 8

Competing interests
The authors declare that they have no competing interests.

Received: 26 July 2021 Accepted: 20 December 2021
Published online: 08 January 2022

References

1.

Gould MK, Garcia DA, Wren MS, Karanicolas PJ, Arcelus JI, Heit JA, et al.
Prevention of VTE in nonorthopedic surgical patients: Antithrombotic
therapy and prevention of thrombosis, 9th ed: American College of
Chest Physician Evidence-Based Clinical Practice Guidelines. Chest.
2012;,141:€227S — e277.

JCS Joint Working Group. Guidelines for diagnosis, treatment and preven-
tion of pulmonary thromboembolism and deep vein thrombosis(JCS
2017). Circulation. 2011;75:1258-81.

Devis P, Knuttinen MG. Deep venous thrombosis in pregnancy: incidence,
pathogenesis and endovascular management. Cardiovasc Diagn Ther.
2017;7:5309-19.

Coon WW. Epidemiology of venous thromboembolism. Ann Surg.
1977;186:149-64.

Swiet De. Thromboembolism. Clin Haematol. 1985;14:643-60.

American College of Obstetricians and Gynecologists' Committee on
Practice Bulletins—Obstetrics. ACOG practice Bulletin No.196: Thronbo-
embolism in pregnancy. Obstet Gynecol. 2018;132:e1-17.

Junichi H, Tomoaki |, Sekizawa A, Tanaka H, Nakamura M, Katsuragi S, et al.
Recommendations for saving mothers'lives in japan: Report from the
Maternal Death Exploratory Committee (2010-2014). J Obstet Gynaecol
Res. 2016;42:1637-43.

Konstantinides SV, Torbicki A, Agnelli G, Danchin N, Fitzmaurice D, Galié
N, et al. 2014 ESC guidelines on the diagnosis and management of acute
pulmonary embolism. Eur Heart J. 2014;35(3033-69):3069a-a3079.

Mark B, Casini A, Hoppe KK, Boehlen F, Righini M, Smith NL. Risks of
venous thromboembolism after cesarean sections: a meta-analysis.
Chest. 2016;150:572-96.

K Miyamoto H Komatsu Y Nagaya S Tsukihara M Sarugami D Osaku et al
2020 Changes in serum D-dimer level and effect of enoxaparin sodium
after a cesarean section: a retrospective study J Matern Fetal Neonatal
Med 16

. Goto M, Yoshizato T, Tatsumura M, Takashima T, Ogawa M, Nakahara H,

et al. Safety and efficacy of thromboprophylaxis using enoxaparin sodium
after cesarean section: A multi-center study in Japan. Taiwan J Obstet
Gynecol. 2015;54:248-52.

Murphy N, Broadhurst DI, Khashan AS, Gilligan O, Kenny LC, O'Donoghue
K. Gestation-specific D-dimer reference range: a cross-sectional study.
BJOG. 2015;122:395-400.

Righini M, Perrier A, De Moerloose P, Bounameaux H. D-Dimer for

venous thromboembolism diagnosis: 20 years later. J Thromb Haemost.
2008;6:1059-71.

Szecsi PB, Jorgensen M, Klajnbard A, Andersen MR, Colov NP, Stender

S. Haemostatic reference intervals in pregnancy. Thromb Haemost.
2010;103:718-27.

Kovac M, Mikovic Z, Rakicevic L, Srzentic S, Mandic V, Djordjevic V, et al.
The use of D-dimer with new cut off can be useful in diagnosis of venous
thromboembolism in pregnancy. Eur J Obstet Gynecol Reprod Biol.
2010;148:27-30.

Patel JP, Patel RK, Roberts LN, Marsh MS, Green B, Davies JG, et al. Changes
in thrombin generation and D-dimer concentration in women injecting
enoxaparin during pregnancy and the puerperium. BMC Pregnancy
Childbirth. 2014;14:384.

Kline JA, Williams GW, Hernandez-Nino J. D-dimer concentrations on
normal pregnancy:new diagnostic thresholds are needed. Clin chem.
2005;51:825-9.

Baboolall U, Zha Y, Gong X, Deng DR, Qiao F, Liu H. Variations of plasma
D-dimer level at various points of normal pregnancy and its trends in
complicated pregnancies: A retrospective observational cohort study.
Medicine (Baltimore). 2019;98:215903.

Gutiérrez Garcia |, Pérez Canadas P, Martinez Uriarte J, Garcia Izquierdo O,
Angeles Jodar Pérez M, de GarciaGuadiana Romualdo L. D-dimer during



Miyamoto et al. BMC Pregnancy and Childbirth

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

(2022) 22:21

pregnancy: establishing trimester-specific reference intervals. Spend J
Clin Lab Invest. 2018;78:439-42.

Epiney M, Boehlen F, Boulvain M, Reber G, Antonelli E, Morales M, et al.
D-dimer levels during delivery and the postpartum. J Thromb Haemost.
2005;3:268-71.

Boehlen F, Epiney M, Boulvain M, Irion O, de Moerloose P. Changes in
D-dimmer levels during pregnancy and the postpartum period: results of
two studies. Rev Med Suisse. 2005;1:296-8.

Bourjeily G, Paidas M, Khalil H, Montella KR, Rodger M. Pulmonary embo-
lism in pregnancy. Lancet. 2010;375:500-12.

Bates SM, Jaeschke R, Stevens SM, Goodacre S, Wells PS, Stevenson MD,
et al. Diagnosis of DVT: antithrombotic therapy and prevention of throm-
bosis, 9th ed: American College of Chest Physicians Evidence-Based
Clinical Practice Guidelines. Chest. 2012;141:23515-418s.

Roberts JM, Hubel CA. The two stage model of preeclampsia: variation on
the theme. Placenta. 2009;30:532-7.

Francalanci I, Comeglio P, Liotta AA, Cellai AP, Fedi S, Parretti E, et al.
D-dimer in intra-uterine growth retardation and gestational hyperten-
sion. Thromb Res. 1995;80:89-92.

Kim SJ, Ahm HJ, Park JY, Kim BJ, Hwang KR, Lee TS, et al. The clinical
significance of D-dimer concentrations in patients with gestational
hypertensive disorders according to the severity. Obstet Gynecol Sci.
2017,60:542-8.

Pinheiro Mde B, Junqueira DR, Coelho FF, Freitas LG, Carvalho MG, Gomes
KB, et al. D-dimer in preeclampsia: systematic review and meta-analysis.
Clin Chim Acta. 2012;414:166-70.

Chang J, Elam-Evans LD, Berg CJ, Herndon J, Flowers L, Seed KA, et al.
Pregnancy related mortality surveillance-United States, 1991-1999.
MMWR Surveill Summ. 2003;52:1-8.

Abe K, Kuklina EV, Hooper CW, Callaghan WM. Venous thromboembolism
as a cause of severe maternal morbidity and mortality in the United
States. Semin Perinatol. 2019;43:200-4.

Ghaji N, Boulet SL, Tepper N, Hooper WC. Trends in venous thrombo-
embolism among pregnancy-related hospitalizations, United States,
1994-2009. Am J Obstet Gynecol. 2013;209(433).e1-8.

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

Page 8 of 8

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	D-dimer level significance for deep vein thrombosis screening in the third trimester: a retrospective study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 
	Trial registration: 

	Background
	Methods
	Results
	Discussion
	Principal findings
	Results in the context of what is known
	Clinical implications
	Research implications
	Strengths and limitations

	Conclusions
	Acknowledgements
	References


