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Abstract

Background: The usefulness of D-dimer measurement to rule out venous thrombo-
embolism (VTE) during pregnancy is debated.

Objectives: We performed a systematic review and meta-analysis to investigate the
safety of D-dimer to rule out acute VTE in pregnant women with suspected pulmo-
nary embolism and/or deep vein thrombosis.

Methods: Two reviewers independently identified studies through PubMed and
Embase until June 2021, week 1. We supplemented our search by manually review-
ing reference lists of all retrieved articles, clinicalTrials.gov, and reference literature.
Prospective or retrospective studies in which a formal diagnostic algorithm was used
to evaluate the ability of D-dimer to rule out VTE during pregnancy were eligible.
Results: We identified 665 references through systematic database and additional
search strategies; 45 studies were retrieved in full, of which four were included, after
applying exclusion criteria. Three studies were prospective, and one had a retrospec-
tive design. The 3-month thromboembolic rate in pregnant women left untreated
after a negative D-dimer was 1/312 (0.32%; 95% Cl, 0.06-1.83). The pooled estimate
values were 99.5% for sensitivity (95% Cl, 95.0-100.0; I, 0%) and 100% for negative
predictive value (95% Cl, 99.19-100.0; I, 0%). The prevalence of VTE and the yield of
D-dimer were 7.4% (95% Cl, 3.8-12; I?, 83%) and 34.2% (95% Cl, 15.9-55.23; I, 89%)
respectively.

Conclusion: Our results suggest that D-dimer allows to safely rule out VTE in preg-
nant women with suspected VTE and a disease prevalence consistent with a low/

intermediate or unlikely pretest probability.
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1 | BACKGROUND

The risk of venous thromboembolism (VTE) increases during
pregnancy. Acute pulmonary embolism (PE) is still one of the lead-
ing causes of maternal death in Western countries.X™ Diagnosis
of VTE in pregnant women remains a challenge because of physi-
ological changes of pregnancy that can overlap with signs and
symptoms of PE or deep vein thrombosis (DVT).> Moreover,
because of the heightened awareness that missing a diagnosis
could result in severe maternal consequences, the threshold to
test for VTE during pregnancy is low. This leads to a low preva-
lence of confirmed VTE among women investigated for the dis-
ease of 2% to 7%, compared with 15% to 20% in a nonpregnant
population.®®

Plasma D-dimer measurement, a noninvasive, simple, and
inexpensive blood test, has been extensively investigated
for excluding the diagnosis of VTE in nonpregnant patients.
In the nonpregnant population, the combination of a non-
high pretest probability (PTP) with a negative D-dimer result
safely rules out the diagnosis in one-third of outpatients with
suspected PE.”' This is also the case in outpatients with sus-
pected DVT and an “unlikely” PTP.'>* However, these strat-
egies might have limitations in pregnant women. Indeed, most
VTE diagnostic studies that derived and validated models as-
sessing PTP in the past have excluded pregnant patients.'>8
Also, D-dimer levels physiologically increase throughout
pregnancy, reducing their specificity for VTE in this setting
and limiting the chance of a negative result.'??° Given these
limitations, most pregnant women with suspected DVT re-
quire lower limb venous compression ultrasound (CUS) and
most patients with suspected PE need chest imaging, such as
ventilation-perfusion (V/Q) lung scan or computed tomogra-
phy pulmonary angiography (CTPA). This has raised concerns
about potential deleterious consequences of exposure to ion-
izing radiation and intravenous contrast for the mother and
the fetus.®21:22

Over the past few years, new data regarding VTE diagno-
sis during pregnancy have emerged. Two recent prospective
management outcome studies assessed different PE diagnostic
strategies, both based on a sequential algorithm applying a clin-
ical decision rule (CDR) followed by D-dimer measurement in
patients with a non-high PTP or a disease prevalence consistent
with unlikely PTP, and imaging when needed (i.e., in patients
with a positive D-dimer result or a high/likely PTP).2%2% These
studies suggested the potential role of D-dimer to safely rule
out PE in pregnant women with a non-high PTP. Nevertheless,
despite these recent prospective data, international guidelines
remain conflicting regarding the use of D-dimer in pregnant
women.?>?% Hence, to further assess the safety and usefulness
of D-dimer to exclude VTE in pregnant women, we performed
a systematic review and meta-analysis of available data in this

setting.

Essentials

e The usefulness of D-dimer measurement to rule out
venous thromboembolism (VTE) during pregnancy is
debated.

e A systematic meta-analysis to investigate the safety of
D-dimer to rule out acute VTE in pregnant women was
performed

e The pooled estimate values were 99.5% for sensitivity
(95% Cl, 95.0-100.0; I?, 0%) and 100% for negative pre-
dictive value (95% Cl, 99.19-100.0; I, 0%).

e Our results suggest that D-dimer allows to safely rule
out VTE in pregnant women with suspected VTE and a
disease prevalence consistent with a low/intermediate

or unlikely pre-test probability.

2 | OBJECTIVES

2.1 | Primaryoutcome

Our primary objective was to investigate the safety of D-dimer
to rule out acute VTE, by assessing the sensitivity and negative
predictive value (NPV) of D-dimer in pregnant women with sus-
pected PE and/or DVT with a disease prevalence consistent with
a low/intermediate or unlikely PTP (expected to be 10% and 30%
in low and moderate probability and less than 10% in the unlikely

category).2>27:28

2.2 | Secondary outcomes

Our secondary objectives were to assess the diagnostic
yield of D-dimer during pregnancy (i.e., the proportion of
patients with negative D-dimer among pregnant women
with suspected PE and/or DVT and a disease prevalence
consistent with a low/intermediate or unlikely PTP) and
to evaluate for each pregnancy trimester (first, second, or
third trimester) and puerperium, the sensitivity and NPV of
D-dimer to rule out VTE, as well as the diagnostic yield of
the test.

3 | METHODS

This systematic review was performed according to the Preferred
Reporting Items for Systematic reviews and Meta-Analyses
(PRISMA)?’ and the Preferred Reporting Items for a Systematic
Review and Meta-analysis of Diagnostic Test Accuracy Studies
(PRISMA-DTA)*® guidelines.
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3.1 | Criteria for study selection

Prospective and retrospective studies that used plasma D-dimer
measurement to rule out VTE in pregnant women with suspected
PE and/or DVT were considered. We included studies using D-dimer
(index test), combined or not with PTP assessment, in which an im-
aging test (V/Q lung scan, CTPA, pulmonary angiography, lower limb
venous CUS) or clinical follow-up at 3 months were used as the ref-
erence standard. Studies were eligible if a 2 x 2 contingency table
was supplied or could be back-calculated (true positives, true nega-
tives, false positives, and false negatives), or if the sensitivity and
NPV of D-dimer could be calculated.

3.2 | Population

The study's population consisted of adult (218 years) pregnant
women during their first, second, or third trimester of pregnancy
presenting to an outpatient clinic or emergency department with
symptoms and/or signs suggestive of acute PE and/or DVT, namely
acute or new-onset dyspnea and/or chest pain or lower limb pain
and/or edema without an obvious explanation. The present analy-
sis targets a population of pregnant women estimated with a dis-
ease prevalence consistent with a low/intermediate or unlikely PTP
according to a CDR (prespecified PTP) or irrespective of PTP when
a CDR had not been applied (PTP not used) in the original study.

3.3 | Indextest

The index test was the measurement of plasma D-dimer levels on a
blood test performed at the time of patient presentation with suspected
VTE using a quantitative, semiquantitative, or a qualitative assay. D-
dimer threshold assessed in the original study was used (i.e., 500 ng/
ml) as a standard widely validated cutoff and 1000 ng/ml in one study,
where a specific algorithm was applied, using a higher D-dimer cutoff in

patients with no items of the specific PTP assessment rule used.

3.4 | Target conditions

The target conditions were acute symptomatic PE and/or DVT.
Suspected PE is usually defined as acute onset of new or worsen-
ing shortness of breath or chest pain, with or without hemoptyses,
tachycardia, increased respiratory rate, low blood pressure or faint-
ing, without an obvious explanation, and suspected DVT as unilat-
eral lower limb pain and/or edema without an obvious explanation.

3.5 | Reference standards

The reference standard was a final confirmation/exclusion of the
diagnosis by validated imaging tests (positive reference standards)

jth--
used within VTE diagnostic algorithms—lower limb venous CUS, V/Q
lung scan, CTPA, pulmonary angiography for PE; lower limb venous

CUS for DVT—and/or the rate of VTE events during the 3-month
clinical follow-up (negative reference standard).

3.6 | Datasources and searches

Studies using VTE diagnostic algorithms including D-dimer to rule
out the diagnosis of PE and/or DVT in pregnant women were sys-
tematically searched using the MEDLINE (1966 to June 2021, week
1) and EMBASE (1980 to June 2021, week 1) electronic databases.
The search strategy was developed without any language restric-
tion using www.embase.com: “venous thromboembolism” OR “lung
embolism” OR “deep vein thrombosis” AND “pregnancy” OR “puer-
perium” AND “D-dimer.” We supplemented our search by manually
reviewing the reference lists of all retrieved articles, clinicalTrials.
gov, and reference literature (guidelines and systematic reviews)
and questioned experts in VTE diagnostic strategies for possible

missing studies.

3.7 | Data collection and analysis

3.71 | Selection of studies
Two investigators (M.B. and C.D.) independently reviewed titles
and abstracts from the initial search to determine whether the
inclusion criteria were satisfied. According to prespecified selec-
tion criteria, any study evaluating D-dimer to rule out VTE during
pregnancy was eligible, if the results provided or allowed the cal-
culation of sensitivity and NPV for VTE. Decisions regarding inclu-
sion were made independently, the results were compared, and
any disagreement was resolved through discussion or by involving
a third reviewer (M.R.), when necessary. We included prospective
and retrospective studies in which a formal diagnostic algorithm
was used.

The authors of the eligible studies were contacted for additional
information, in particular to check possible duplicate publications.

No language restrictions were applied.

3.7.2 | Data extraction and management
Two reviewers (M.B. and M.R.) independently extracted data on
study and patient characteristics and on sensitivity and diagnostic
performance of D-dimer in this setting, using a standardized form.
Any disagreement concerning the extracted data was resolved by
consensus and, if necessary, by involving a third reviewer (H.R.E.).
We extracted 2 x 2 contingency tables (true positive, true nega-
tive, false positive, and false negative results) to estimate the accu-
racy of D-dimer test compared with the reference standard for each
study, and its sensitivity as an exclusion test.
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We considered as acceptable a PE or DVT diagnosis definition
which was in line with well-established diagnostic criteria reported

in the literature.2>3132

3.7.3 | Quality assessment
The Quality Assessment of Diagnostic Accuracy Studies 2 (QUADAS-2)

checklist was used to assess the risk of bias of the primary studies.®*

3.74 | Statistical analysis

Proportions were combined across studies using the method of the
inverse of the variance. The Freeman-Tukey Double arcsine trans-
formation was applied to proportion before pooling and the pooled
estimates were back transformed.®® The level of heterogeneity be-
tween studies was assessed by the I? statistic.%° If a high level of
heterogeneity was detected (I > 50%), a model with random ef-
fects was used (Der Simonian and Laird's approach).®” All statistical

analyses were conducted with the package meta for R software. 3837

3.7.5 | Sensitivity analysis

We planned to perform separate meta-analyses on groups of stud-
ies according to the assessment of PTP, type and cutoff of D-dimer
assay, prospective or retrospective design, and type of reference
standard (imaging, 3-month follow-up, or both).

We also planned to repeat the analyses after stratifying studies
according to the median QUADAS-2 score (by calculating median
score after arbitrary transformation of quality judgment into a quan-
titative score) to highlight potential distortions in our sensitivity and

NPV estimates driven by low-quality studies.

4 | RESULTS

4.1 | Study identification and selection

We identified 662 potentially relevant studies from the electronic
search strategy. Three additional studies were identified with ad-
ditional search strategies through other sources. We excluded
620 studies after title and abstract screening, using the predefined
inclusion and exclusion criteria. The remaining 45 studies were re-
trieved in full for detailed evaluation. Of the retrieved studies, 41
were excluded for the following reasons: duplicate data (n = 10);
not addressing our question (n = 21); selection criteria of the study
population not clear (n = 2), with suspected selection bias for a pop-

ulation with very high prevalence of PE in the first one*®*!; study

),42:47
,

design not reaching our inclusion/exclusion criteria (n = 6 of

which three were publication of the same cohort of patients and its

secondary analysis**434%: validation study of a diagnostic algorithm

using the same cohort of patient already analyzed in another in-
cluded paper (n = 1).*8 We also excluded one study in which there
was a concern about overlapping groups of subjects in two different
publications (n = 1)* and included only the first publication (pro-
spective cohort).>° Therefore, four studies were finally included in
this systematic review.?3243%31 The study identification and selec-

tion progression is detailed in Figure 1.

4.2 | Study characteristics

Characteristics of included studies and baseline characteristics of
patients enrolled in the studies are summarized in Tables 1 and 2, re-
spectively. Study size ranged from 149% to 498?* patients. The total
overall population of the four studies was of 1194 patients, of whom
836 were eligible for the present analysis. Of the four included stud-

232450 and only one study had a retro-

ies, three were prospective
spective design.51 Of all studies, only one was specifically designed
for suspected DVT,*® whereas the other three focused on suspected
PE_23.24.51

Regarding the D-dimer test, highly sensitive quantitative assays
ELISA and immuno-turbidimetric assays, expressing results as fibrinogen
equivalent units, were used in three studies. Of these, two used the same

2351 whereas one allowed different

commercial assay for all their patients,
types of commercially available assays,? as detailed in Table 1. The pre-
specified D-dimer cutoff used was the standard cutoff of 500 ng/ml in
two studies, for all patients in one and for low-intermediate PTP patients
in the other.?*°! One study used a higher prespecified cutoff (<1000 ng/
ml) in patients with low PTP and a standard 500 pg/L cutoff in other
patients, based on a defined diagnostic algorithm.24 Only one study used
ared blood cell agglutination assay (qualitative assay),”® known to have a
lower sensitivity (the SimpliRED test).

The three prospective studies included in this analysis applied
a standard diagnostic algorithm including PTP assessment. Details
about diagnostic algorithm used by single studies are summarized in
the Supplementary Appendix. Only the retrospective study by Choi
et al. did not stratify patients according to PTP and did not apply a diag-
nostic strategy.>! Indeed, this study retrospectively enrolled pregnant
women with suspected PE who underwent thoracic imaging (V/Q lung
scan or CTPA at baseline). The two prospective management outcome
studies in suspected PE by Righini et al. and Van der Pol et al.?®%* used
PTP assessment integrated in a diagnostic management algorithm. In
both studies, patients with negative results on the diagnostic workup
were considered as not having PE, did not receive anticoagulant treat-
ment, and were followed for 3 months and assessed for any suspected
and confirmed VTE.?>?* The prospective study by Chan et al.*® fo-
cused on pregnant women with suspected DVT. PTP was established
based on the clinician's empirical judgment. CUS of the symptom-
atic leg(s) was performed in all patients on initial presentation and, if
negative, was repeated at day 3 and/or day 7 based on the clinician's
standard of practice. Patients who did not have DVT on CUS were left
without anticoagulant treatment and underwent clinical follow-up for
at least 3 months.*®



BELLESINI ET AL.

Records identified through database
searching
(n=662)

j.l.}.‘|s

Additional records identified through
other sources
(n=3)

Records screened
(n=665)

Records excluded based on
title and abstract (n = 620)

h 4

Articles retrieved for the full
text evaluation (n = 45)

Articles excluded (n = 41),
reasons:

- Duplicate data (n = 10)
- Not addressing our question
(n=21)

Studies included in the meta-
analysis (n =4)

- Population selection not
clear (n=2)

- Study design (n = 6)

- Validation study in a cohort

L Included J [ Eligibility ] [ScreeningJ [Identi icationJ

of patient already analyzed
(n=1)

- Overlapping groups of
subjects appeared with
previous publication (n=1)

FIGURE 1 PRISMA flow diagram of study selection, included and excluded studies

According to our prespecified inclusion criteria, our final popu-
lation (Table 2) included all patients from Choi et al. in whom both
D-dimer and an imaging test were performed (n = 93)°%; patients
from Chan et al.>® with low PTP based on clinical judgment (n = 105);
patients with low-intermediate PTP from Righini et al.?® (n = 387);
patients at “low” PTP according to YEARS (patients showing clinical
signs of DVT, hemoptysis, and PE as the most likely diagnosis) crite-
ria (zero YEARS item) from Van der Pol et al.?* (n = 251). Almost all
patients included in our review were pregnant women (Table 2), with
only a limited proportion of women in the puerperium period from
Choi’ s study (28/152, 18.4%)°!; the exact number of postpartum
women of the 93 patients included in our analysis from Choi's study

was not specified in the paper.>!

421 | Risk of bias

Quality assessment is reported in Table 3 and Figure 2. Overall,
included studies were high-quality studies. Only one of four
studies was considered at high risk of bias regarding patient

selection.

4.2.2 | PEandDVT prevalence among pregnant
women with suspected VTE

The prevalence of VTE varied importantly across studies (Table 1 and
Table 2): the level of heterogeneity was extremely high (1> = 90%).
Therefore, a model with random effects was used. Weighted mean
prevalence of VTE for the random-effect model was 5.0% (95% ClI,
1.1-11.4; I, 90%).

4.2.3 | Sensitivity and NPV of D-dimer to exclude
VTE during pregnancy

Sensitivity and NPV estimates reported in the individual stud-
ies were all close to 100% and the level of heterogeneity was
low. Models with fixed effects were used. The pooled estimates
were close to 100% both for sensitivity and NPV: 99.5% (95%
Cl, 95.0-100.0; 1%, 0%) and 100% (95% Cl, 99.1-100.0; I?, 0%),
respectively. In Figure 3, forest plots of the meta-analysis of
sensitivities and NPV (primary objective of our analysis) are

presented.
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TABLE 1 Characteristics of included studies

Country (n
Study Centers) Design Period
Chan 2007°° Canada (5) Prospective March
2000-November
2005

Target
Population Condition Setting Inclusion Criteria
Pregnant DVT Women from Consecutive pregnant
women emergency women suspected of
departments/ having DVT
primary

practitioners
referred to
thrombosis or
pregnancy's

center
Choi 2018  London (1) Retrospective  January 2007-January Pregnant and PE Emergency Consecutive pregnant and
2011 puerperium department or postpartum patients
women antenatal clinic with clinically
suspected acute PE,
who underwent
V/Q scan, CTPA, or
pulmonary angiography
Righini France, Prospective August 2008-July Pregnant PE Women from Outpatient pregnant
20182 Switzerland 2016 women emergency women with clinically
(11) department, suspected PE, defined as
outpatients acute onset of new or
worsening shortness of
breath or chest pain
without another obvious
cause
Van der Pol  Netherlands, Prospective October 2013-May Pregnant PE Women referred Consecutive pregnant in-
2019% France, 2018 women to emergency and outpatients with
Ireland (18) department suspected PE

or obstetrical
ward

Abbreviations: CTPA, computed tomography pulmonary angiography; CUS, compression ultrasound scans; DVT, deep vein thrombosis;
LMWH, low-molecular-weight heparin; NA, not applicable; NR, not reported; PE, pulmonary embolism; PTP, pretest probability;
UH, unfractionated heparin; V/Q, ventilation-perfusion lung scan; VKA, vitamin K antagonist; VTE, venous thromboembolism.

4.2.4 | Diagnostic yield of D-dimer
during pregnancy

The diagnostic yield of D-dimer to exclude VTE (i.e., the proportion
of patients with a negative D-dimer result, sometimes also called the
“efficiency” of the test) varied importantly across studies (Figure 3),
with an extremely high level of heterogeneity (I = 98%). The yield of
D-dimer for the random-effects model was 34.2% (95% Cl, 15.9-55.2;
I?, 98%). A summary of these main results is presented in Table 4.

4.2.5 | VTE rate during follow-up

In patients in whom VTE was ruled out based on the combina-
tion of a non-high PTP and a negative D-dimer, the 3-month
VTE event rates were: 0/46 (0.0%, 95% Cl, 0.0-7.7) in women
with a low-intermediate PTP and D-dimer <500 pg/L in the
study by Righini et al.?® and 1/164 (0.61%, 95% Cl, 0.1-3.5)
in patients with zero YEARS item and D-dimer <1000 pg/L in
the study by Van der Pol et al.2* This latter event occurred in
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Exclusion Criteria

History of VTE, treatment

with “full-dose”
anticoagulation for
>24 hours, concomitant
symptoms consistent
with PE, inability

or unwillingness

to return for
follow-up, geographic
inaccessibility, failure
of patient or attending
physician to provide
consent

Age <18 years, allergy

to iodinated contrast
agent, impaired renal
function (defined as
creatinine clearance
<30 ml/min), diagnosis
before presentation,
indication for or current
receipt of full-dose
anticoagulation,
inaccessibility for
follow-up

Age <18 years, life expectancy

<3 months, treatment
with full-dose therapeutic
LMWH or UH that was
initiated 24 hours or
more before eligibility
assessment, treatment
with VKA, ultrasonography
proven symptomatic
proximal DVT, unable

to give consent, and
contraindication to helical
CT

Type of D-dimer Assay

SimpliRED assay (Agen
Biomedical, Brisbane,
Australia). Red Blood
Cell Agglutination
assay. Qualitative assay

MDA Auto-Dimer.
Latex agglutination
(immunoturbidimetric
assay). Quantitative
assay

Vidas assay (bioMérieux),
ELISA assay.
Quantitative assay

VIDAS d-Dimer Exclusion
(bioMérieux),
Tina-quant (Roche
Diagnostica), STA-
Liatest (Diagnostica
Stago), Innovance
(Siemens), HemoslIL
(Instrumentation
Laboratory).
Quantitative assays

D-dimer Cutoff
<500 pg/L

<500 ng/ml

<500 ng/ml
for low or
intermediate
PTP

<1000 ng/ml if

0 adapted
YEARS
criteria;
<500 ng/
mlif 21
adapted
YEARS
criteria

a patient with a baseline D-dimer level of 480 pg/L and was a

proximal DVT diagnosed at day 90 of follow-up. In the study
by Chan et al.,>® among patients with low PTP of DVT and D-
dimer <500 pg/L, no VTE event was reported during follow-up
(0/69; 0.0%, 95% Cl, 0-5.6). In the study by Choi et al.,** no PE
was diagnosed by imaging among the 33 women with negative
D-dimer results: 0/33 (0.0%, 95% Cl, 0.0-10.4). Overall, the
pooled "failure rate” of D-dimer was 1/312 (0.32%; 95% Cl,
0.06-1.8).

jth

Reference Diagnostic Follow-up Overall VTE
Standard Type of PTP Algorithm  (days) Prevalence
CUS (at day O, PTP low vs Yes 90 8.7% (13/149)
3, 7 based non-low
on PTP) and (intermediate
3 months and high) based
follow-up on clinician's
earlier
impression
V/Q scan or NA No NR 15.1% (14/93)
CTPA result
at baseline
CUS or CTPA Revised Geneva Yes 90 7.1% (28/387)
or V/Qscan score
at baseline
or 3 months
follow-up
CTPA or V/Q YEARS algorithm Yes 90 4.2%
scan at (21/498)
baseline or
3 months
follow-up
4.2.6 | VTE excluded on the basis of a negative

diagnostic workup

In the CT-PE-Pregnancy study,”® the 3-month thromboembolic
rate in patients in whom PE was ruled out on the basis of a nega-
tive diagnostic strategy was of 0.0% (0/367; 95% Cl, 0.0-1.0).% In the
ARTEMIS study, the 3-month VTE rate among patients in whom PE
was ruled out on the basis of a negative diagnostic strategy was of
0.21% (1/477; 95% Cl, 0.04-1.2).%* Only one patient left untreated on
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TABLE 3 Quality assessment, QUADAS-2 results

jth

Study RISK OF BIAS APPLICABILITY CONCERNS
PATIENT INDEX TEST REFERENCE FLOW AND PATIENT INDEX TEST REFERENCE
SELECTION STANDARD TIMING SELECTION STANDARD
Chan 2007 [50] @ @ @ @ @ @ @
Choi 2018 [51] @ @ @ @ @ @ @
Righini 2018
g ® | © © © © © ©
Van der Pol
rot5 120 © © © © © © ©

Low Risk High Risk Unclear Risk

FLOW AND TIMING

O low OHigh OUnclear

REFERENCE STANDARD

INDEX TEST

QUADAS-2 Domain

PATIENT SELECTION

0% 20% 40% 60%

RISK of BIAS

FIGURE 2 Quality assessment, QUADAS-2 results

the basis of the diagnostic algorithm for DVT, comprehensive of both
D-dimer test and CUS at presentation, developed PE within 2 months’
follow-up in the study of Chan et al.>® ; the patient who developed PE
did so 3 days after a second-trimester pregnancy loss, 55 days after
her initial presentation with suspected DVT. Therefore, the 3-month
thromboembolic rate after a negative diagnostic work-up for DVT in
the study of Chan et al. was 0.7% (1/137; 95% Cl, 0.1-4.0).%°

Overall, the 3-month thromboembolic rate in pregnant women
left untreated after a negative diagnostic algorithm was low: 0.2%
(2/981; 95% Cl, 0.06-0.74).

In the study by Choi et al.,> all 93 women with D-dimer performed
underwent CTPA at baseline and PE was ruled out in 79 patients, without
applying a further diagnostic algorithm and no 3-month follow-up was
available; thus, we excluded Choi's study51 from the calculation of the

overall 3 months VTE risk on the basis of a negative diagnostic workup.
4.2.7 | Sensitivity, NPV, and the yield of D-dimer
according to different trimesters

There were insufficient data available to evaluate sensitiv-
ity, NPV, and the yield of D-dimer test to rule out VTE during

80%
Proportion of studies with low, high or unclear

20% 40% 60% 80%
Proportion of studies with low, high, or unclear
CONCERNS regarding APPLICABILITY

100% 0% 100%

different trimesters of pregnancy and puerperium, as initially

planned. Only Righini et al.®

reported the proportion of nega-
tive D-dimer results during each trimester, showing a decreased
proportion of negative D-dimer results with increasing gesta-
tional age (25%, 11% and 4% during the first, second, and third
trimester, respectively). The same trend was shown in the study
of Chan et al.,>® who provided data about the proportion of nega-
tive D-dimer result during each trimester, in the absence of DVT
(100%, 76%, and 51% during the first, second, and third trimester,
respectively). In Van der Pol et al.,?* the median D-dimer level
was 505 pg/L (interquartile range, 292 to 963) during the first
trimester, 730 pg/L (interquartile range, 505 to 1260) during
the second trimester, and 1120 pg/L (interquartile range, 818 to
1718) during the third trimester.

4.2.8 | Sensitivity analyses

Given the small number of studies included, we could not perform
the planned sensitivity analyses. However, we performed a leave-
one-out sensitivity analysis. Results are shown in detail in Table 5.
The pooled yield was most influenced by this analysis. Indeed, when
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Sensitivity 95% C1 Weight

Panel A
Study True positive Cases
Chan 13 13 4
Choi 14 14 -
Righini 25 25 —3
Van der Pol 16 17 -
Fixed effect model 69 —)

Heterogeneity: I = 0%, t° =0, p = 0.65

Panel B
Study True negative Negative
Chan 81
Choi 33
Righini 46
Van der Pol 194
Fixed effect model

Heterogeneity: I = 0%, 1° =0, p = 0.97

Panel C

Study Negative D-dimers
Chan 81
Choi 33
Righini 46
Van der Pol 195
Random effects model

Heterogeneity: 1 = 98%, =* = 0.0454, p < 0.01

| 1 I

075 08 085 09 095 1

1.000 [0.753; 1.000) 19.0%
1.000 [0.768; 1.000] 20.4%
1.000 [0.863;1.000] 35.9%
0.941 [0.713;0.999] 24.6%

0.995 [0.950; 1.000] 100.0%

NPV 95% ClI Weight

——#1.000 [0.955; 1] 22.8%

41000 [0894; 1] 9.4%
¥1.000 [0.923 1] 13.0%

—!‘-‘! 0995 (0972, 1] 54.8%

<§ 1.000 [0.991; 1] 100.0%

Yield 95% Cl Weight

—=5— 0547 [0.463;0.629) 24.8%

0.355 [0.258; 0.461) 24.3%
0.119 [0.088; 0.155] 25.4%
0.395 [0.351,0.439] 25.5%

Sensitivity
D-dimeres
81
33
46
195
3565
I 1 1 I |
09 092 094 096 098 1
NPV
N
148 :
93 ——
387 — H
494 -~
1122 -

I I I

0.342 [0.159; 0.552] 100.0%

01 02 03 04 05 086

Yield

FIGURE 3 Forest plot of the meta-analysis of sensitivities (A), of negative predictive values (NPV) (B), and of the diagnostic yield of D-

dimer

VTE prevalence

Sensitivity of D-dimer to rule out VTE

Diagnostic yield of D-dimer (proportion of

patients with a

Negative predictive value

Note: The diagnostic yield of D-dimer varied importantly across studies: the level of heterogeneity

Pooled Estimate

(95% CI)

7.4% (3.8-12.
99.5% (95-100.0) 0 Fixed effect
34.2% (15.9-55.2) 98 Random effects

negative test)

(%) Model Used

0) 83 Random effects

100% (99.1-100.0) 0 Fixed effect

was extremely high (I2 = 98%; therefore, a model with random effects was used. The same was

true for the prevalence. Contrarily, for both sensitivity and negative predictive value, the estimates

reported in studies were all close to 100% and the level of heterogeneity was low. Models with
fixed effects were used. The pooled estimates were close to 100%.

Abbreviations: Cl, confidence interval; VTE, venous thromboembolism.

Removed Study
Chan 2007°°

Choi 2018
Righini 2018%°

Van der Pol 20192

Pooled Estimates

Yield (95%Cl) NPV (95% Cl)

27.8(9.8-50.6) 99.9 (98.8-100.0)
33.8(12.0-60.0) 99.9 (98.9-100.0)
43.2(32.9-53.9) 99.9 (98.9-100.0)
32.5(8.0-63.7)  100.0(98.8-100.0)

Sensitivity (95%

Cl)
99.3(93.8-100.0)
99.3(93.7-100.0)
98.8(91.5-100.0)

100.0 (96.3-100.0)

Prevalence
(95% Cl)

7.1(2.9-12.9)
5.7 (3.1-9.2)

8.1(2.5-16.3)
9.2 (5.1-14.3)

TABLE 4 Summary of main results

TABLE 5 Leave-one-out sensitivity
analysis



BELLESINI ET AL.

the study by Righini et al.%

was excluded, the yield raised to 55.8%;
when the study by Chan et al.’® or Van der Pol et al.>* were excluded,
yield decreased to 35.9%. Conversely, the pooled NPV and sensitiv-
ity remained stable. The pooled prevalence varied slightly but re-

mained low in all analyses.

5 | DISCUSSION

The results of this systematic review and meta-analysis suggest that
D-dimer measurement is a useful and safe diagnostic test to rule out
VTE during pregnancy.

Until recently, points usually advocated as reasons against the
use of D-dimer in pregnant women were: (1) availability of limited
and inconsistent data on sensitivity and NPV of D-dimer for sus-
pected VTE in pregnancy; (2) lack of CDR specific for pregnancy
to stratify patient according to PTP; (3) unclear appropriate cutoff
of D-dimer test because of D-dimer physiological increase during
pregnancy. These three points need to be specifically addressed and
evaluated, also in light of our review's results.

In the past 2 years, two prospective management outcome

studies bridging these gaps were published23’24

and suggested that
D-dimer measurement can be included in diagnostic algorithms.
Pooling together these available data adds further evidence, claim-
ing the safety of D-dimer use to exclude VTE in pregnant patients
with a disease prevalence consistent with a low/intermediate or
unlikely PTP. Indeed, the 3-month thromboembolic risk in pregnant
women left untreated after a negative diagnostic algorithm was low:
0.2% (2/981; 95% Cl, 0.06-0.74). This is perfectly in line with the
recent recommendations from the International STH suggesting
that the upper bound of the 3-month VTE risk should be below 2%
in diagnostic strategies for VTE.*? Also, the 3-month thromboem-
bolic risk in pregnant women left untreated in case of a non-high
clinical probability and negative D-dimer was 1/312 (0.32%; 95% ClI,
0.06-1.83).

Our results showed a high sensitivity and NPV of 99.5% (95% Cl,
95.0-100.0; I?, 0%) and 100% (95% Cl, 99.1-100.0; I, 0%), respec-
tively, for D-dimer testing. Of note, for sensitivities and NPV, the
estimates reported by single studies were close to 100%, with a low
level of heterogeneity. These findings are in line with sensitivity ob-
served in general population,>3 supporting the use of D-dimer test
for safely ruling out VTE in non-high-risk pregnant women, without
the need for imaging.

A main limitation for the use of D-dimer test is represented
by its general poor specificity.53'54 In pregnant women, D-dimer
concentrations are even less specific because of physiological
increase of D-dimer levels during normal pregnancies,*’ reduc-
ing the diagnostic yield of the test. In our review, the estimated
proportion of patients with negative D-dimer was 34.2% (95%
Cl, 15.9-55.1; I, 98%). Despite the wide Cl and high level of het-
erogeneity across studies, this proportion could be considered
clinically significant, avoiding further testing in a considerable
number of patients.

je

Because a negative D-dimer test has to be combined with an
assessment of the pretest clinical probability to exclude VTE, an
accurate pretest stratification of pregnant women is mandatory.
However, most diagnostic studies that derived and validated mod-
els assessing PTP of VTE have excluded pregnant patients in the
past.1>18 Only recently, as shown in our included studies, Righini

.22 and Van der Pol et al.?* took a step forward to address this

eta
point for PE diagnosis. In the CT-PE-Pregnancy study,?® the Revised
Geneva score was incorporated in the diagnostic algorithm for PTP
evaluation in pregnant patient with suspected PE; this score effec-
tively stratified pregnant patients with an increasing prevalence of
the disease: 4% (7/192) in the low-probability group, 9% (18/200)
in the intermediate-probability group, and 100% (3/3) in the high-
probability group. In the ARTEMIS study,?* the YEARS algorithm was
used and it stratified pregnant women in two groups with an increas-
ing prevalence of PE. Indeed, PE prevalence was 0.4% (1 /252) in the
group with no YEARS criteria, and of 6.2% (15/242) in the group who
met one or more of the three YEARS criteria. Both of these diagnos-
tic algorithms incorporating the Revised Geneva score and the three
most predictive criteria of Well's CDR, appeared useful in the initial
stratification of pregnant women with suspected PE, as suggested
by the 0% (0/367; 95% Cl, 0.0-1.0) and the 0.21% (1/477; 95% Cl,
0.04-1.2) 3-month thromboembolic rate in pregnant patients who
were left untreated after a negative diagnostic algorithm based on
these PTP assessment tools.?>?* Of note, in the ARTEMIS study,24
the pregnancy-adapted YEARS algorithm was driven largely by the
criterion "PE as the most likely diagnosis," which was present in 89%
of patients. Clinicians could have difficulty assessing this criterion,
especially in the context of pregnancy where symptoms and signs of
normal pregnancy and PE can overlap.® Despite these steps forward,
further studies are needed to develop specific scores derived and
validated in pregnant women for PTP evaluation. In this direction,
the LEFt rule, a CDR for pregnant women with suspected DVT, was
recently derived and externally validated.>*>>°® Moreover, a pro-
spective validation is ongoing (NCT01708239).>7

As in the general population, the use of a D-dimer cutoff ad-
justed for age or adapted to clinical probability was retrospectively
explored by different studies.>®“° However, some prospective val-
idation is also available. In the study by Van der Pol al.%
D-dimer cutoff (1000 ng/ml) was combined with zero YEARS crite-
ria. The adoption of a diagnostic algorithm using a higher D-dimer

a higher

cutoff in patient with low PTP improved the yield of D-dimer test,
without compromising the safety.*® Indeed, in the study by Righini

etal,?®

the proportion of women in whom PE could be ruled out on
the basis of a negative algorithm including usual D-dimer threshold
of 500 ng/ml was of 11.6%. When the YEARS algorithm was applied
to the same sample of women, 21% had PE excluded without appar-
ent loss in safety.*®

Strengths of our study need to be underlined. To our knowledge,
after the emergence of new evidence driven by recent prospective

management diagnostic studies,?>2*

this is the first systematic re-
view and meta-analysis assessing the safety of using D-dimer to rule

out suspected VTE in pregnant women when the disease prevalence
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2 Ljth
is consistent with a low/intermediate or unlikely PTP. Previous stud-

: 40,42
,

ies with unclear criteria to select population and high PE preva-

lence*®

or using different design compared with our target,42 showed
lower sensitivity of D-dimer test in pregnant patients. In the DiPEP
study,*? existing CDR and D-dimer showed little diagnostic value,
suggesting against their use to select pregnant or postpartum women
with suspected PE for further investigation. However, the DiPEP
study42 was a retrospective analysis of two cohorts (one of women
with suspected PE recruited in 11 centers and one of women with
confirmed PE across the United Kingdom) and included pregnant
and postpartum women. The DiPEP study*? used different D-dimer
assays with different thresholds. It did not specify the timing of D-
dimer measurement, but most of women were already receiving an-
ticoagulant treatment at the time of testing, which can have a major
impact on D-dimer results. Also, the final comparator to assess the di-
agnostic performance of this testing, the presence or absence of PE,
was based on clinical grounds in about 15% of patients.*? Therefore,
the conclusions reported in the DiPEP study*? may have important
limitations. Contrarily, our meta-analysis, based on strict prespecified
inclusion and exclusion criteria, defines with more accuracy the role
of D-dimer in non-high-risk pregnant patient. In particular, despite
the low number of included studies, our data come from a relatively
large number of patients pooled together and our main results are
affected by low heterogeneity, showing high pooled sensitivity and
NPV with narrow confidence intervals. Another strength of our re-
view is the overall high quality of included studies, with the majority
of them having a prospective design.

Currently, the use of D-dimer to rule out PE in pregnancy is
recommended in only two of the available guidelines (European
Society of Cardiology [ESC] and Working Group in Women'’s Health

2561 whereas the

of the Society of Thrombosis and Haemostasis),
remaining five guidelines (Australasian Society of Thrombosis and
Haemostasis-Society of Obstetric Medicine of Australia and New
Zealand, American Thoracic Society-Society of Thoracic Radiology,
EANM, Royal College of Obstetricians and Gynaecologists, and

Society of Obstetricians and Gynaecologists of Canada)®?¢¢

rec-
ommend against the use of D-dimer in this setting.?® In the latest
ESC guidelines,25 D-dimer measurement and CDR should be con-
sidered to rule out PE during pregnancy or the postpartum period;
moreover, the strength of this recommendation was upgraded in
the current version of ESC guideline,?® in line with new evidence
emerged from the prospective management outcome trials included
in our review (from class IIb to 11a).¢® Our findings may support an
evidence-based update of future guidelines and reduce controversy.

Our systematic review has potential limitations. First, a limited
number of studies were available in literature addressing our ques-
tion, and our inclusion and exclusion criteria allowed us to include only
four studies. As mentioned previously, although included studies were
overall high-quality studies and the total number of population analy-
ses count was of 836 patients in total, we included only 312 pregnant
women in whom VTE was excluded on the basis of D-dimer measure-
ment. Second, the D-dimer assays used on two of the four studies
are no longer available.’®>! Third, given the small number of studies

included, we did not attempt to perform any planned sensitivity analy-
ses; in particular, it was not possible to perform separate meta-analyses
on groups of studies according to the use of PTP, type and cutoff of
D-dimer assay, prospective or retrospective design, and type of refer-
ence standard. Nevertheless, we performed a leave-one-out sensitivity
analysis, showing no relevant effect on sensitivity and NPV. Fourth, to
be noted as potential bias, three authors of this review are also the main
authors of one of the large studies included in this meta-analysis.?

In conclusion, the results of our meta-analysis suggest that D-
dimer may be a safe and useful diagnostic tool in the management of
pregnant women with suspected VTE. However, limited data exist
and further trials are needed to derive/validate specific CDR, and to
identify the optimal D-dimer cutoff during pregnancy.
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