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Abstract

The aim of this study was to investigate the p-dimer for prediction of venous thromboembolism (VTE) events in puerperium and
to identify other risk factors associated with the occurrence of VTE. This was a prospective observational cohort study, which
included 16 127 women who gave birth after 28 weeks of gestation at Women’s Hospital of Zhejiang University, School of
Medicine, from January 2016 to December 2016. Data including basic maternal and fetal characteristics, pregnancy complications,
and predictive biomarkers within postpartum 24 hours including b-dimer, platelet, and fibrinogen were collected for analyses. In
the cohort study, 19 (0.12%) women were identified as VTE, including | pulmonary embolism event and 18 deep venous
thrombosis events. The receiver operating characteristic curve analysis suggested the best cutoff point for b-dimer level within
postpartum 24 hours was 3.695 mg/L, with a specificity of 75.5% and a sensitivity of 73.7%, and there was no statistical correlation
between fibrinogen and VTE, as well as between platelets and VTE. On multivariate analysis, age >35 years (odds ratio [OR] =
2.895, 95% confidence interval [Cl]: 1.079-7.773), scarred uterus (OR = 3.894, 95% CI: 1.234-12.282), intrauterine infection (OR
=7.214,95% ClI: 1.519-34.262), antiphospholipid syndrome (OR = 199.530, 95% ClI: 15.152-2627.529), pb-dimer >3.70 mg/L (OR
= 7.573, 95% Cl: 2.699-21.247), and emergency cesarean delivery (OR = 23.357, 95% CI: 2.819-193.508) were independently
associated with VTE in puerperium. We concluded that pb-dimer >3.70 mg/L was an independent predictor of VTE during
puerperium and p-dimer testing was necessary for perinatal women.
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Introduction However, there is a lack of a suitable indicator for predicting
VTE. There are some VTE risk assessment models for preg-
nancy, such as the VTE Risk Assessment Scale provided by the
guideline from Royal College of Obstetricians and Gynaecol-
ogists.® But most of the scoring systems have not yet been

Venous thromboembolism (VTE) includes pulmonary embo-

lism (PE) and deep venous thrombosis (DVT), which is 1.0 to

1.8/1000 in women during pregnancy and puerperium.' The

incidence is 4 to 5 times higher among pregnant and postpar-

tum women than that of nonpregnant women.” Pregnancy-

related VTE has gradually become one of the leading causes

3 .

of materngl mortality, tgklng the place of postpartum hemor- Medicine, Hangzhou, Zhejiang, China

rhage, WhICh has been highly prevented and treated. ) 2 Department of Obstetrics & Gynecology, Changxing Maternal and Child
In China, as a consequence of the adjustment of the birth  Health Hospital, Huzhou, Zhejiang, China

policy and the changes in lifestyle and fertility concept, the

maternal age is increasing and the incidence of complications ~Corresponding Author:

. .. . M isk fact h b linked Qiong Luo, Department of Obstetrics & Gynecology, Women’s Hospital,

In pregnancy 1s Increasing. _apy Tsk tactors ?Ve cen linke Zhejiang University School of Medicine, Ist Xueshi Road, Hangzhou, Zhejiang,

to VTE, such as thrombophilia, cesarean delivery, and obe- 310006, China.

sity,*> which were more likely to occur in older mothers.  Email: luoq@zu.edu.cn

@ ® @ Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons

Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use,
reproduction and distribution of the work without further permission provided the original work is attributed as specified on the SAGE and Open Access
pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

! Department of Obstetrics, Women'’s Hospital, Zhejiang University, School of



https://orcid.org/0000-0002-9526-2278
https://orcid.org/0000-0002-9526-2278
https://orcid.org/0000-0002-0782-4462
https://orcid.org/0000-0002-0782-4462
mailto:luoq@zju.edu.cn
https://sagepub.com/journals-permissions
https://doi.org/10.1177/1076029620901786
http://journals.sagepub.com/home/cat
https://creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage

Clinical and Applied Thrombosis/Hemostasis

validated in a large sample of prospective studies in the obste-
tric population.

Previous studies have shown that in nonpregnant individu-
als, p-dimer testing is used for the diagnosis of acute VTE with
high sensitivity, moderate specificity, and high negative pre-
dictive value and is a reliable screening tool for eliminating
VTE.” However, for pregnant women, p-dimer concentration
increased progressively during the pregnancy and peaked at the
first postpartum day.® Most healthy pregnant women have
higher p-dimer values during pregnancy and puerperium than
the normal reference range.” A prospective study showed that
in the first trimester, 84% women had normal p-dimer, in the
second trimester 33%, and in the third trimester only 1%, which
suggests that p-dimer has no practical diagnostic use of VTE if
the threshold for abnormal is used.'®

Although the role of p-dimer testing in the investigation of
pregnant-related VTE remains controversial, actually, it is still
being used by clinicians. If the p-dimer level was abnormally
high, the need for prophylactic use of low-molecular-weight
heparin (LMWH) was decided by the doctors according to their
own experiences. Therefore, we designed a prospective obser-
vational analysis to identify the incidence and risk factors of
VTE during the postpartum period. Furthermore, we investi-
gated the predictive value of coagulation markers, specifically
p-dimer, platelet, and fibrinogen, and attempted to determine a
suitable threshold for the assessment in the postpartum period.

Methods
Patients

The study was initiated in January 2016, and we prospectively
collected the data of all women who gave birth after 28 weeks
of gestation at Women’s Hospital of Zhejiang University,
School of Medicine, until December 2016. Women with
incomplete clinical data or with VTE disease before delivery
were excluded from this study (Figure 1). We set o = 0.05 and
B = 0.10 (power = 0.90), the sample size of this study was
larger than the estimated sample size according to the reported
incidence of pregnancy-related VTE. All clinical variables
were recorded, including age, body mass index (BMI), gesta-
tional weeks of delivery, pregnancy times, parity, number of
births, fetal position, mode of delivery, postpartum hemor-
rhage, fetal birth weight, pregnancy complications, and predic-
tive biomarkers with postpartum 24 hours including p-dimer,
platelet, and fibrinogen. All biomarker values were obtained
from the same laboratory affiliated to the hospital.

Clinical Diagnosis of VTE

Diagnostic criteria for VTE: Imaging evidence as a diagnostic
criterion for thrombosis or embolism. Deep venous thrombosis
was diagnosed by upper and lower extremity venous color
Doppler ultrasound and/or computed tomographic (CT) veno-
graphy, and PE was diagnosed by CT pulmonary angiography.

Imaging examinations were required if the following con-
ditions were present (1) with main complaint of swelling of the

From 1°' Jan 2016 to 31" Dec 2016
Delivery at =28 GW in hospital
(n=16152)

Excluded (n=25)
*Incomplete clinical data (n=20)
*History of VTE (n=3)

A
16127 women enrolled

Laboratory tests including platelet count,
fibrinogen and D-dimer performed within
24 hours after delivery

VTIE (n=19)

Non-VTE (n=16108)

| Antithrombotic therapy |

«Follow-up in communities after discharge
- v *Accessed by vascular specialist in case of
Follow-up in vascular suspicious VTE symptoms

department after discharge

Figure l. Flow chart of indicating the women excluded from and
included in the study.

limbs, pain, or tenderness during movement of the limbs, mea-
surement of inconsistencies in the thickness of the limbs on
both sides, or symptoms of dyspnea, chest pain, and so on; (2)
with multiple high-risk factors or the risk of VTE was consid-
ered higher by the clinician after evaluation. When imaging
examination indicated the diagnosis of VTE, anticoagulation
and antithrombotic therapy would be started immediately. All
of the VTE patients were instructed to follow-up in the vascular
department after discharge. Other women were followed up in
the communities and would be accessed by vascular specialist
in case of suspicious VTE symptoms.

Laboratory Assays

Laboratory tests, including platelet count, fibrinogen, and p-
dimer were performed. The detection of platelet count was
measured by impedance (XN9000; Sysmex, Kobe, Japan). The
detection of fibrinogen was measured by the solidification
(Stago-R, Paris, France). The detection of p-dimer was mea-
sured by the latex-enhanced immunoturbidimetry (Stago-R,
Paris, France) (normal reference range for nonpregnant adults
is less than 0.5 mg/L).

Based on receiver operating characteristic (ROC) curve
analysis, the best cutoff point for p-dimer level within postpar-
tum 24 hours was 3.695 mg/L (Figure 2). For convenience in
clinical practice, the predefined cutoff value for dichotomized
variables of p-dimer was set at 3.70 mg/L.

Statistical Analyses

Continuous variables were described as means + standard
deviation. Student ¢ test was used to compare the difference
in the continuous variables. Chi square test, Yate’s correction
of continuity, or Fisher exact test was used to compare the
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Figure 2. Receiver operating characteristic curve for p-dimer, fibrinogen, and platelet count within postpartum 24 hours. AUC (ROC of
D-dimer): 0.765 (P < .001); AUC (ROC of fibrinogen): 0.516 (P = .810); AUC (ROC of platelet count): 0.599 (P = .136). AUC indicates

area under the curve; ROC, receiver operating characteristic.

difference in the categorical variables. The forward stepwise
multiple logistic regression is performed in the variables that
had a univariate association with VTE (P <.05) to estimate the
risk factors of VTE. The ROC curves of p-dimer, fibrinogen,
and platelet count within postpartum 24 hours were also ana-
lyzed. The statistical analyses were performed using SPSS ver-
sion 22.0 (IBM Corporation, New York, New York). Statistical
significance was set at P < .05.

Results

Completed clinical data were available for 16 127 women
(Figure 1). Eleven patients used aspirin or prophylactic/thera-
peutic dose of LMWH because of antiphospholipid syndrome
or thrombophilia. In the cohort study, 19 (0.12%) women were
identified as VTE, including 1 PE event and 18 DVT events.
The DVT events included 1 woman suffering from bilateral
internal iliac vein embolization, 3 women with bilateral DVT
of lower extremity, 5 women with DVT of right lower extre-
mity, and 9 with DVT of left lower extremity. Venous throm-
boembolism occurred at a median of 4 days postpartum (range:
2-11 days).

The p-dimer test results of all VTE women exceeded the
upper limit of the reference value (0.5 mg/L). The ROC curve
analysis suggested the best cutoff point for p-dimer level within
postpartum 24 hours was 3.695 mg/L, with a specificity of
75.5% and a sensitivity of 73.7%. When the cutoff value was
set at 5.50 mg/L, the specificity could increase to 85.5%, but
the sensitivity would decrease to 57.9%; when the cutoff value
was set at 7.10 mg/L, the specificity could increase to 90.0%,
but the sensitivity would decrease to 31.6%. The areas under
the curve of fibrinogen and platelets were close to 0.5, indicat-
ing that there was no statistical correlation between them and
VTE (Figure 2).

Table 1 shows a comparison of general characteristics
between VTE women and non-VTE women. Heights, neonatal
weight, gestational weeks of delivery, fibrinogen, and platelet
count were not significantly associated with VTE. The average
age of VTE women was significantly higher than that of non-
VTE women (34.05 vs 30.83 mg/L, P = .001). The average
p-dimer within postpartum 24 hours in VTE women was
significantly higher than that of non-VTE women (6.38 vs
3.44 mg/L, P < .001).

The risk factors predisposing to VTE in puerperium were
analyzed in Table 2. Mode of delivery, age >35 years, scarred
uterus, relative cephalopelvic disproportion, intrauterine infec-
tion, postpartum hemorrhage, antiphospholipid syndrome, and
D-dimer >3.70 mg/L were significantly associated with VTE in
puerperium (Table 2).

A multivariate model using forward stepwise regression was
constructed to identify the risk factors associated with VTE in
puerperium. Age >35 years, scarred uterus, intrauterine infec-
tion, antiphospholipid syndrome, p-dimer >3.70 mg/L, and
emergency cesarean delivery were independently associated
with VTE in puerperium (Table 3).

Discussion

The rate of VTE during puerperium in this study was 0.12%,
which was consistent with previously published data.!" Most
cases of DVT events in our study occurred in the left lower
extremity, which was related to the more serious venous stasis
of the left lower extremity caused by the compression of the
pregnant uterus.'? It was considered that the use of aspirin or
LMWH may affect the incidence of VTE and the results of
D-dimer testing, but it does not affect the relationship between
p-dimer and VTE. In fact, only 11 patients used aspirin or
heparin in this study, which had little impact on the incidence
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Table . Comparison of General Characteristics Between VTE and Non-VTE Women (x + SD).

VTE (n = 19) Non-VTE (n = 16 108) t Value P Value

Age (years) 34.05 + 4.59 30.83 + 4.23 3314 .001
Height (cm) 161.11 + 576 160.50 + 4.66 0.563 .573
BMI before pregnancy 22.19 + 2.13 21.07 + 2.67 1.841 .066
BMI before delivery 27.20 + 2.52 2643 + 3.04 1.106 269
Gain weight during pregnancy (kg) 1295 + 2.78 13.80 + 4.30 —0.868 .386
Neonatal birth weight (g) 2987.90 + 533.75 3215.12 + 579.03 —1.710 .087
Gestational age at delivery (weeks) 3753 + 147 3830 + 2.29 —1.469 142
D-dimer within postpartum 24 hours (mg/L) 6.38 + 4.32 3.34 + 349 3.809 <.001
Fibrinogen within postpartum 24 hours (g/L) 457 + 091 4.65 + 0.80 —0.449 .653
Platelet within postpartum 24 hours (10°/L) 171.47 + 36.81 191.62 + 56.35 —1.558 119
Abbreviations: BMI, body mass index; VTE, venous thromboembolism; x + SD, mean + standard deviation.
Table 2. Risk Factors Predisposing to VTE in Puerperium.
Risk Factors VTE (%), n = 19 Non-VTE (%), n = 16 108 x* Value P Value
Previous obstetric history

0 10 (52.63) 9166 (56.90) 0.141 .707

>1 9 (47.37) 6942 (43.10)
Parity

| 17 (89.47) 15546 (96.51) 1.090 296

>2 2 (10.53) 562 (3.49)
Fetal position of singleton cases

Head 14 (82.35) 14785 (95.10) 0517

Breech 3 (17.65) 647 (4.16)

Transverse 0 (0.00) 114 (0.73)
Mode of delivery

Vaginal delivery I (5.26) 8528 (52.94) <.001

Emergency cesarean delivery 9 (47.37) 1710 (10.62) 32.828

Elective caesarean section 9 (47.37) 5870 (36.44)
Age >35 years 10 (52.63) 3173 (19.70) 10.997 <.001
In vitro fertilization (IVF) 2 (10.53) 527 (3.27) 1272
Scarred uterus 11 (57.89) 3784 (23.49) 10.644 .001
Relative cephalopelvic disproportion I (5.26) 317 (1.97) 3157
Placenta previa 2 (10.53) 465 (2.89) .104%
Adherent placenta 3 (15.79) 765 (4.75) .059*
Fetal growth restriction I (5.26) 125 (0.78) .139%
Premature birth 4 (21.05) 1852 (11.50) 0.892 .345
Macrosomia (birthweight >4000 g) 0 (0.00) 914 (5.67) 0.328 567
Premature rupture of membranes 5 (26.32) 3535 (21.95) 0.033 .855
Fetal distress 3 (15.79) 3001 (18.63) <0.001 .982
Intrauterine infection 2 (10.53) 181 (1.12) .019*
Postpartum hemorrhage 3 (15.79) 688 (4.27) .046*
Anemia 6 (31.58) 4530 (28.12) 0.112 738
Intrahepatic cholestasis of pregnancy 2 (10.53) 479 (2.97) .109%
Gestational diabetes mellitus 3 (15.79) 2437 (15.13) 0.058 810
Hypertensive disorders of pregnancy 3 (15.79) 883 (5.48) 2.152 142
Cardiac insufficiency I (5.26) 30 (0.19) .036*
Uterine rupture I (5.26) 65 (0.40) .075%
Antiphospholipid syndrome I (5.26) 7 (0.04) .009*
p-dimer >3.70 mg/L 14 (73.68) 3947 (24.50) 22.190 <.001
p-dimer >5.50 mg/L 11 (57.89) 2341 (14.53) <.001
p-dimer >7.10 mg/L 6 (31.58) 1607 (9.98) <.001

Abbreviation: VTE, venous thromboembolism.
*Evaluated by Fisher exact test.
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Table 3. Multivariate Logistic Regression of VTE Risk Factors During
Puerperium.

Odds  95% Confidence
Risk Factors P Value Ratio Interval
Age >35 years .035 2895 1.079-7.773
Scarred uterus .020 3.894  1.234-12.282
Intrauterine infection 013 7214 1.519-34.262
Antiphospholipid syndrome <.001  199.530 15.152-2627.529
D-dimer >3.70 mg/L <.001 7.573  2.699-21.247
Emergency cesarean delivery .003 23.357 2.819-193.508

Abbreviation: VTE, venous thromboembolism events.

of VTE and the results of p-dimer testing, thus we did not
exclude these 11 patients from the study.

Good predictive biomarkers may help with early prevention
to reduce the morbidity and mortality of VTE. In this study, we
found that fibrinogen and platelet count had little correlation
with VTE. However, there was a certain correlation between the
p-dimer level within postpartum 24 hours and VTE. There are
many advantages to using p-dimer in the diagnosis of
pregnancy-related VTE, such as noninvasive, quick, does not
harm the fetus, may reduce the need for imaging, and is inex-
pensive compared to other methods of diagnosis. Although col-
lected data showed that p-dimer levels of 2 groups were
universally elevated beyond the standard threshold of
0.5 mg/L, the average p-dimer level in VTE group was signifi-
cantly higher than that in non-VTE group. Although the speci-
ficity and sensitivity of the cutoff value of 3.695 mg/L were not
so high, the predictive value of b-dimer test for VTE in puerper-
ium was confirmed. The multivariate analyses also showed that
p-dimer >3.70 mg/L was independently associated with VTE in
puerperium. Before that, guidelines from Royal College of
Obstetricians and Gynaecologists recommended that p-dimer
testing should not be performed in the investigation of acute
VTE in pregnancy."® Guidelines from American College of
Obstetricians and Gynecologists recommended that the rise of
p-dimer cannot predict VTE reliably.'* However, our study sug-
gested p-dimer >3.70 mg/L as a risk factor of VTE in puerper-
ium. If the p-dimer is more than 3.70 mg/L, other VTE-related
risk factors should be carefully evaluated. We recommend the
use of LMWH to prevent VTE when the lever of b-dimer is more
than 5.50 mg/L and the use of imaging examination to screen
for VTE when the lever of p-dimer is more than 7.10 mg/L.

In recent years, there were also some studies trying to find a
new D-dimer reference range or cutoff value for the diagnosis
of pregnancy-related VTE, but the results were diverse for
different laboratories, assays, and instruments. A prospective
study involving 89 women advised p-dimer test with the new
threshold for the first trimester of 286 ng/mL, the second tri-
mester of 457 ng/mL, and the third trimester of 644 ng/mL can
be useful in the diagnosis of pregnancy-related VTE.'° Parilla
et al investigated 61 women and concluded that a combination
of p-dimer levels along with a modified Wells score can be
used in pregnancy to triage women into a low-risk category for

PE."> A cross-sectional study involved 760 pregnant women
suggesting a gestation-specific reference range for p-dimer
concentrations (approximately week 6 to week 42) and recom-
mended using the 95th centile potential cutoff values as diag-
nosis basis of VTE in pregnancy.'® A meta-analysis involved
30 studies proposed that b-dimer levels reached a peak at 48 to
72 hours postpartum with a mean value of 6.44 mg/L.'” There
were still no universal hemostatic reference ranges during preg-
nancy and postpartum. Each laboratory testing p-dimer concen-
trations should determine its own recommended normal cutoff
value. Moreover, most studies did not directly clarify the diag-
nostic value of p-dimer for VTE. Hunt et al calculated that the
AUC for p-dimer in pregnant and puerperal women was 0.668
and concluded no diagnostically useful threshold for diagnos-
ing or ruling out VTE."® In our study, the ROC curve analysis
showed that p-dimer has statistical correlation with VTE and
suggested the best cutoff point for p-dimer level within post-
partum 24 hours was 3.695 mg/L. Furthermore, we originally
proposed that p-dimer >3.70 mg/L is an independent predictor
of VTE during puerperium, which confirmed the predictive
value of b-dimer for VTE during puerperium.

Although no cases of b-dimer-negative VTE in puerperium
were found in our study, we didn’t recommend that normal
D-dimer levels can exclude pregnant-related VTE, for case report
had described the occurrence of acute VTE in pregnant women
with negative d-dimer level.'® A retrospective study of pregnant
women with suspected PE who had both V/Q scans and p-dimer
testing found a negative likelihood ratio of 1.8, suggesting that a
negative D-dimer is inadequate to exclude PE in pregnancy.
Other risk factors should also be taken into consideration when
estimating the likelihood of a delivered woman’s VTE.

Our study revealed several independent risk factors of VTE
in puerperium, including age >35 years, scarred uterus, intrau-
terine infection, antiphospholipid syndrome, and emergency
cesarean delivery. These factors have been confirmed in sim-
ilar studies, although risk factors observed differentiated
between these studies.*>*!!*! A meta-analysis found that the
risk of VTE was 4-fold greater following cesarean delivery
than following vaginal delivery and was greater following
emergency cesarean delivery than following elective cesarean
delivery.® A population-based controlled cohort study involved
634 292 delivered women showed that higher BMI, older
age, thrombophilia, multiple pregnancy, cesarean delivery,
gestational diabetes, threatening premature birth, anemia, chor-
ioamnionitis, in vitro fertilization with ovarian hyperstimula-
tion, primiparity, and cardiac diseases were associated with
postpartum VTE events."' Another population-based cohort
study showed that increased age was associated with VTE
during postpartum.?' Tt also reported postpartum hemorrhage
to be a risk factor for postpartum VTE, while our study found
that postpartum hemorrhage was associated with VTE, but not
an independent risk factor for VTE.

The limitation of this study is that the number of VTE cases
is insufficient, but this is consistent with the incidence of
pregnancy-related VTE. Other limitations of this study
included the effects of choice bias, for all the women in this
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study were at our hospital, and loss to follow-up bias, for we
could hardly get the data of follow-up in communities and
vascular department. Furthermore, this study did not discuss
the predictive effect of b-dimer test for VTE during pregnancy
and 24 hours after postpartum, which need further study.

Conclusion

In summary, we demonstrated that p-dimer >3.70 mg /L was
independently associated with VTE in puerperium. The predic-
tive value of p-dimer test for VTE in puerperium was con-
firmed. Other independent risk factors of VTE in puerperium
were older age, scarred uterus, intrauterine infection, antipho-
spholipid syndrome, and emergency cesarean delivery. We
believe our study provides new evidence, which will aid the
ability of clinicians to judge whether the women are at a high
risk of VTE in puerperium.

Authors’ Note

Wen Hu and Yali Wang contributed equally to this work. This article
was approved by Medical Ethics Committee of Women’s Hospital,
Zhejiang University School of Medicine. Informed consent was not
obtained because no patient information was published herein.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: The
research was supported by Zhejiang Provincial Natural Science Foun-
dation [grant numbers. LQ20H040008, LY20H040009].

ORCID iDs
Baihui Zhao © https://orcid.org/0000-0002-9526-2278
Qiong Luo ® https://orcid.org/0000-0002-0782-4462

References

1. Meng K, Hu X, Peng X, Zhang Z. Incidence of venous throm-
boembolism during pregnancy and the puerperium: a systematic
review and meta-analysis. J Matern Fetal Neonatal Med. 2015;
28(3):245-253.

2. Heit JA, Kobbervig CE, James AH, Petterson TM, Bailey KR,
Melton LJ III. Trends in the incidence of venous thromboembo-
lism during pregnancy or postpartum: a 30-year population-based
study. Ann Intern Med. 2005;143(10):697-706.

3. Abe K, Kuklina EV, Hooper WC, Callaghan WM. Venous throm-
boembolism as a cause of severe maternal morbidity and mortal-
ity in the United States. Semin Perinatol. 2019;43(4):200-204.

4. Blondon M, Casini A, Hoppe KK, Boehlen F, Righini M, Smith
NL. Risks of venous thromboembolism after cesarean sections: a
meta-analysis. Chest. 2016;150(3):572-596.

5. James AH, Jamison MG, Brancazio LR, Myers ER. Venous
thromboembolism during pregnancy and the postpartum period:
incidence, risk factors, and mortality. Am J Obstet Gynecol. 2006;
194(5):1311-1315.

10.

11.

12.

13.

14.

15.

16.

18.

19.

20.

21.

. Royal College of Obstetricians and Gynaecologists. Reducing the

Risk of Venous Thromboembolism During Pregnancy and the
Puerperium. Green Top Guideline No.37a [M/OL]. London,
United Kingdom: Royal College of Obstetricians and Gynaecol-
ogists; 2015.

. Johnson ED, Schell JC, Rodgers GM. The D-dimer assay. Am J

Hematol. 2019;94(7):833-839.

. Wang M, Lu S, Li S, Shen F. Reference intervals of D-dimer

during the pregnancy and puerperium period on the STA-R evo-
lution coagulation analyzer. Clin Chim Acta. 2013;425:176-180.

. Réger B, Péterfalvi A, Litter I, et al. Challenges in the evaluation

of D-dimer and fibrinogen levels in pregnant women. Thromb
Res. 2013;131(4):¢183-187.

Kovac M, Mikovic Z, Rakicevic L, et al. The use of D-dimer with
new cutoff can be useful in diagnosis of venous thromboembolism
in pregnancy. Eur J Obstet Gynecol Reprod Biol. 2010;148(1):
27-30.

Galambosi PJ, Gissler M, Kaaja RJ, Ulander VM. Incidence and
risk factors of venous thromboembolism during postpartum
period: a population-based cohort-study. Acta Obstet Gynecol
Scand. 2017;96(7):852-861.

James AH, Tapson VF, Goldhaber SZ. Thrombosis during preg-
nancy and the postpartum period. A4m J Obstet Gynecol. 2005;
193(1):216-219.

Royal College of Obstetricians and Gynaecologists. Thromboem-
bolic Disease in Pregnancy and the Puerperium: Acute Manage-
ment. Green Top Guideline No.37b [M/OL]. London, United
Kingdom: Royal College of Obstetricians and Gynaecologists;
2015.

ACOG Practice Bulletin No. 196: Thromboembolism in preg-
nancy. Obstet Gynecol. 2018;132(1):el-el7.

Parilla BV, Fournogerakis R, Archer A, et al. Diagnosing pulmon-
ary embolism in pregnancy: are biomarkers and clinical predic-
tive models useful? AJP Rep. 2016;6(2):¢160-164.

Murphy N, Broadhurst DI, Khashan AS, Gilligan O, Kenny LC,
O’Donoghue K. Gestation-specific D-dimer reference ranges: a
cross-sectional study. BJOG. 2015;122(3):395-400.

. Tang J, Lin Y, Mai H, et al. Meta-analysis of reference values of

haemostatic markers during pregnancy and childbirth. Taiwan J
Obstet Gynecol. 2019;58(1):29-35.

Hunt BJ, Parmar K, Horspool K, et al. The DiPEP (Diagnosis of
PE in Pregnancy) biomarker study: an observational cohort study
augmented with additional cases to determine the diagnostic util-
ity of biomarkers for suspected venous thromboembolism during
pregnancy and puerperium. BrJ Haematol. 2018;180(5):694-704.
To MS, Hunt BJ, Nelson-Piercy C. A negative D-dimer does not
exclude venous thromboembolism (VTE) in pregnancy. J Obstet
Gynaecol. 2008;28(2):222-223.

Damodaram M, Kaladindi M, Luckit J, Yoong W. D-dimers as a
screening test for venous thromboembolism in pregnancy: is it of
any use? J Obstet Gynaecol. 2009;29(2):101-103.

Sultan AA, West J, Tata LJ, Fleming KM, Nelson-Piercy C,
Grainge MJ. Risk of first venous thromboembolism in and around
pregnancy: a population-based cohort study. Br J Haematol.
2012;156(3):366-373.


https://orcid.org/0000-0002-9526-2278
https://orcid.org/0000-0002-9526-2278
https://orcid.org/0000-0002-9526-2278
https://orcid.org/0000-0002-0782-4462
https://orcid.org/0000-0002-0782-4462
https://orcid.org/0000-0002-0782-4462


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


