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Summary: Pregnancy and the postpartum EL are associated with an increased risk of venous thromboembolism (VTE). Over the past
decade, new diagnostic algorithms have been established, combining clinical probability, laboratory testing and imaging studies for the diagno-
sis of deep vein thrombosis (DVT) and pulmonary embolism (PE) in the non-pregnant population. However, there is no such generally accepted
algorithm for the diagnosis of pregnancy-associated VTE. Studies establishing clinical prediction rules have excluded pregnant women, and
prediction scores currently in use have not been prospectively validated in pregnancy or during the postpartum period. D-dimers physiologically
increase throughout pregnancy and peak at delivery, so a negative D-dimer test result, based on the reference values of non-pregnant subjects,
becomes unlikely in the second and third trimesters. Imaging studies therefore play a major role in confirming suspected DVT or PE in pregnant
women. Major concerns have been raised against radiologic imaging because of foetal radiation exposure, and doubts about the diagnostic
value of ultrasound techniques in attempting to exclude isolated iliac vein thrombosis grow stronger as pregnancy progresses. As members of
the Working Group in Women’s Health of the Society of Thrombosis and Haemostasis (GTH), we summarise evidence from the available literature

and aim to establish a more uniform strategy for diagnosing pregnancy-associated VTE.
r;p;y, computed tomography
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Epidemiology

VTE is a leading cause of maternal morbidity in the devel-
oped world and, in the case of PE, of mortality as well [1].
While the relative risk of VTE is greatly increased during
pregnancy compared with that in non-pregnant women,
the absolute risk remains low: estimates of the incidence
of pregnancy-associated VTE have varied from 1:500 to
1:1500 pregnancies [2-7]. The risk of VTE is approximate-
ly 5-fold greater in pregnant women than in non-pregnant
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Approximately 80 % of pregnancy-associated VTEs are
isolated DVTs, and approximately 20 % are PEs or both
DVTs and PEs [5]. Although a systematic review reported
weighted event rates for DVT of 21.9 %, 33.7% and 47.6 %
for the first, second and third trimesters, respectively [6], a
recent study suggested that the risk might in fact increase
exponentially over the duration of the pregnancy [7], with
12.4% of VTEs diagnosed in the first trimester, 15.3% in
the second trimester and 72.3 % in the third trimester. This
detailed risk assessment for each gestational week demon-
strated a 21-fold increased risk for the last two weeks be-
fore delivery [7].
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| VTE

Table I. Risk factors for pregnancy-associated venous thromboembolism (modified after [26, 27])

Pre-existing risk factors

- Age >3b years old

— Previous venous thromboembolism VTE
- Thrombophilia (hereditary or acquired) |

- Obesity (body mass index >30 kg/m?)

- Hypertensive disorders of pregnancy

- Parity >3
- Smoking

- Gross varicose veins or symptomatic varicosis

- Paralysis or paraplegia

- Medical comorbidities, e.g., heart or lung disease, inflammatory bowel disease, inflammatory poly-
arthropathy, systemic lupus erythematosus, nephrotic syndrome, type | diabetes mellitus with ne-
phropathy, cancer, sickle cell disease

Obstetric risk factors - Multiple pregnancy
- Pre-eclampsia

— Caesarean section

- Prolonged labour (>24 hours)

24h

- Mid-cavity or rotational operative delivery ~ FAFSEFEFEF RO Ik
— Severe postpartum haemorrhage (PPH)

Transient or potentially reversible - Assisted reproductive technology (ART), in vitro fertilization (IVF)

risk factors

- Ovarian hyperstimulation syndrome (OHSS) (first trimester)

— Any surgical procedure in pregnancy or puerperium (e.g., appendectomy, evacuation of retained prod-

- Hyperemesis, dehydration

ucts of conception [ERPC], postpartum sterilisation)

- Hospital stay or bed rest/immobility >3 days >3d L BMRER

- Systemic infection (e.g., pneumonia, pyelonephritis, postpartum wound infection)

1ER2K

- Long-distance travel (>4 -6 hours) JZLIEEIR{T > 4-6h

The puerperium is the time of the greatest risk of preg-
nancy-associated VTE per day. A meta-analysis demon-
strated that two thirds of all DVTs occur antepartum, where-
as one third are diagnosed postpartum. In contrast, up to
60 % of pregnancy-related episodes of PE occur in the 4 to
6 weeks after delivery [6, 8]. Because the antepartum peri-
od is substantially longer than the 6-week postpartum peri-
od, the daily risk of VTE is considerably greater following
delivery than during pregnancy [6, 8, 9]. The risk increases
10- to 20-fold [7, 10, 11], or possibly even up to 80-fold [12],
in the postpartum period. It is high in the first postpartum
week, particularly after caesarean section, and decreases
afterwards, reaching the non-pregnant level after approxi-
mately 6 weeks [4, 7, 12, 13]. However, a modest but still
significantly increased risk (odds ratio [OR] 2.2, 95% confi-
dence interval [CI] 1.5-3.1) has been observed for the period
from 7-12 weeks postpartum. The risk was no longer elevat-
ed after 12 weeks (OR for the period 13-18 weeks after deliv-
ery 1.4, 95% CI 0.9-2.1; OR for the period 19-24 weeks af-
ter delivery 1.0, 95% CI10.7-1.4) [10].

Risk factors

VTE during pregnancy is a multicausal disease because it
results from the interaction of several different risk deter-
minants. The absolute risk of thrombosis mainly depends
upon a personal or family history of VTE and the presence
of hereditary and/or acquired thrombophilic risk factors.
Because women today often postpone their first pregnan-
cy and women >45-50 years old can also get pregnant due
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to oocyte or embryo donation, age should be considered as
an additional VTE risk factor. The identification of risk fac-
tors in the individual patient is important when assessing
the woman’s risk of VTE. Known expositional and disposi-
tional risk factors of VTE are shown in Tables I and II.

A personal history of VTE is a significant risk factor for
thromboembolic complications during pregnancy. Wom-
en with a previous VTE have recurrence rates of 6 % and
8% during the antepartum and postpartum periods, re-
spectively [14, 15]. In a prospective study of 125 pregnant
women with a single previous episode of VTE, the inci-
dence of recurrence without prophylaxis was 2.4 % an-
tepartum (95% CI 0.2%-6.9%) and 2.5% postpartum
(95% CI 0.5%-7.0%) [16]. Regardless of the presence or
type of thrombophilia, a positive family history of VTE in-
dependently increases the risk of VTE 2- to 4-fold [17, 18].

Major hereditary forms of thrombophilia include the
G1691A mutation of the factor V gene (factor V Leiden mu-
tation [FVL]), the G20210A mutation of the prothrombin
gene (PT) and deficiencies of antithrombin, protein C and
protein S. A systematic review analysing data from 9 studies
with 2526 patients showed that all of the hereditary throm-
bophilias markedly increased the risk of pregnancy-related
VTE (Tab. II). The greatest increase in risk was observed in
the presence of a homozygous FVL or PT mutation, as well
as combined heterozygous FVL and PT mutations [19].
Other groups have also emphasised the importance of a he-
reditary AT deficiency as a high risk thrombophilic disorder,
especially during pregnancy [20, 21]. In contrast, the pres-
ence of a homozygous methylene tetrahydrofolate reduc-
tase (MTHFR) C677T mutation did not contribute to the
risk of VTE in pregnant women [19, 22].

© 2016 Hogrefe
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Table II. Risk of a first pregnancy-related venous thromboembolism (VTE) in women with hereditary thrombophilia [19, 20]

Thrombophilia Prevalence, % Relative Estimated absolute
risk of VTE, risk of VTE per
OR (95% ClI) 1000 pregnancies*
Factor V Leiden mutation
Heterozygous 2.0-7.0 8.3(56.4-12.7) 8
Homozygous 0.2-0.5 34.4(9.9-120.1) 34
Prothrombin G20210A mutation
Heterozygous 2.0 6.8(2.5-18.8) 7
Homozygous rare 26.4(1.2-559.3) 26
Factor V Leiden and prothrombin G20210A
mutation compound heterozygous 0.18 44 (25-79) 44
Antithrombin deficiencyt <0.1-0.6 47(1.3-17.0) 5
Protein C deficiency 0.2-0.3 4.8(2.2-10.6) 5
Protein S deficiency <0.1 3.2(1.56-6.9) 3

Abbr.: VTE: Venous thromboembolism, OR: Odds ratio, Cl: Confidence interval. "Assuming a baseline risk of 1 event per 1000 pregnant patients
without any known thrombophilia. TAlthough data are limited, VTE risk is supposed to be substantially higher in antithrombin-deficient preg-
nant women and can increase up to 20-to 28-fold, depending on the type and extent of antithrombin deficiency [18,122-124].

Although not well studied, women with known an-
tiphospholipid syndrome (APS) and previous VTE seem to
be at high risk for recurrent VTE during pregnancy. Two
retrospective studies identified APS as a risk factor for
pregnancy-related VTE (adjusted OR 5.1-15.8) [5, 23]. The
risk of VTE in female APS patients with obstetric compli-
cations but without previous VTE is unclear, but seems to
be low. In a case series of 21 pregnant women without prior
VTE but with a diagnosis of primary APS due to obstetric
complications, there were no thrombotic events when low-
dose anticoagulant therapy was restricted to 3 to 5 days
postpartum [24].

Pregnancy-specific VTE risk factors include multiple
pregnancies, hyperemesis, pre-eclampsia, prolonged la-
bour and delivery via caesarean section [4, 25-27]. In a
Danish nationwide prospective cohort study including
1.3 million pregnancies, obesity, infection and hospitali-
sation during pregnancy were identified as additional
risk factors for VTE during pregnancy and postpartum
[28].

Regarding the increased use of assisted reproductive
technologies (ART), there have been reports of subsequent
venous and arterial thromboembolic complications [29].
The relative risk of ART-related VTE has been demonstrat-
ed to be particularly high in the first trimester of pregnan-
cy. A substantial number of venous thrombotic events
have been attributed to the presence of ovarian hyperstim-
ulation syndrome (OHSS), which is a recognised complica-
tion of ART that occurs in moderate or severe forms in
3-8 % of successful in vitro fertilisation cycles [25,29-32].
OHSS, which is accompanied by high oestradiol concen-
trations, has been correlated with the occurrence of unu-
sual site thrombosis, particularly DVT of the upper ex-
tremities and of internal jugular veins [29, 33, 34].
However, despite these established associations, the inci-
dence of VTE in ART remains low, affecting only 0.08-
0.11% of treatment cycles [35].

© 2016 Hogrefe

Pathogenesis

Pregnancy is an acquired and independent risk factor for
VTE. During pregnancy, the plasma concentrations and
activities of several proteins involved in blood coagulation
and fibrinolysis change. These alterations typically pro-
mote coagulation (e.g., increases in fibrinogen and factors
VII, VIIL: C and IX, as well as von Willebrand factor), re-
duce anticoagulation (acquired resistance to activated pro-
tein C, decrease in protein S and antithrombin activities),
and inhibit fibrinolysis (increase in plasminogen activator
inhibitors 1 and 2), thus resulting in a pro-coagulant state
that can be considered physiological preparation for the
haemostatic challenge of delivery [36-38].

The venous system of the lower extremities is par-
ticularly prone to thrombosis due to progesterone-in-
duced venous dilatation and compression of the iliac
veins and the inferior vena cava (IVC) by the gravid
uterus [39, 40]. Endothelial damage to the iliac veins
can occur during normal vaginal, assisted and surgical
delivery [41]. In approximately 70 % of cases, maternal
DVT is located in the left leg [26], and most frequently
involves the iliofemoral veins, where it carries a high
embolisation risk [41]. Proximal DVT without involve-
ment of the calf veins is frequent (71 %), and isolated il-
iac DVT is reported in 17 % of cases [42]. The predispo-
sition to left-sided thrombosis was first perceived and
reported by May and Thurner [43] and by Cockett and
Thomas [44] more than 40 years ago, and it has been
attributed to the compressive effects that the right iliac
artery exerts on the left iliac vein by crossing it on the
left side.

During ART, controlled ovarian stimulation leads
to multiple oocytes and supra-physiological levels of
oestrogens, thus resulting in a hypercoagulable state,
especially in women with polycystic ovarian syn-
drome (PCOS) [38]. As a consequence, OHSS has
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been identified as a risk factor for first-trimester
thrombosis. In addition, several women with PCOS
suffer from metabolic syndrome as an additional risk
factor. Women with OHSS have been shown to be at
particular risk for upper extremity DVT, which most
frequently involves the subclavian and internal jugu-
lar veins [29, 35]. It has been hypothesised that the
predisposition to upper extremity DVT after ART re-
sults from the marked increase in oestrogen concen-
trations in the peritoneal fluid, which is drained via
the lymphatic system and the thoracic duct into upper
extremity veins [33].

Clinical presentation

The clinical suspicion of VTE in a pregnant woman requires
an accurate diagnostic workup to confirm or exclude the di-
agnosis of DVT or PE. Leg swelling is a frequent finding in
pregnancy. However, unilateral, particularly left-sided, leg
swelling and a difference in calf circumference of 2 cm or
more should raise the suspicion of DVT [45, 46]. Isolated il-
iac vein thrombosis can be accompanied by pain in the but-
tocks, groin, flank, or abdomen [19, 47].

PE should be considered, particularly if the woman pre-
sents with dyspnoea (87% of cases) and pleuritic chest
pain (61% of cases) [48]. Tachycardia, tachypnoea, hypox-
aemia, haemoptysis, syncope, coughing, and unexplained
hypotension may also be present. The symptoms of PE
during pregnancy are the same as in non-pregnant wom-
en. Especially in cases of acute onset or worsening, diag-
nostic imaging studies are warranted. However, shortness
of breath, tachycardia and leg oedema are not uncommon
in normal pregnancy. Thus, VTE is confirmed in less than
10 % of pregnant women with symptoms suggestive of PE
or DVT [49].

Diagnostic workup — general
considerations

A thorough physical examination is mandatory if a preg-
nant woman presents with symptoms suggestive of DVT or
PE. In cases with symptoms suggestive of PE, blood pres-
sure measurement, arterial blood gas analysis and an elec-
trocardiogram (ECG) should be performed before diag-
nostic imaging is considered [47]. ECG has been shown to
be abnormal in 41 % of pregnant women with acute PE. T
wave inversion (21% of cases), S1Q3 pattern (15% of cas-
es) and right bundle branch block (18 % of cases during
pregnancy) have been described as the most common
findings. In the same cohort, arterial blood gas analysis
revealed hypoxaemia or decreased oxygen saturation in
only a minority of patients (prevalence in confirmed PE of
18 % and 3 %, respectively) [48].

It must be emphasised that, to date, there have been no
randomised trials or even prospective studies that have set
reference standards for the diagnosis of VTE in pregnant
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women [49]. In particular, clinical decision rules in preg-
nant women with suspected VTE have not yet been devel-
oped or prospectively validated. In addition, D-dimer lev-
els usually increase with the progression of pregnancy and
can be expected to be greater than the normal range in the
majority of normal pregnancies. Diagnostic imaging
therefore plays a major role in cases of suspected DVT or
PE in pregnancy. If there is a delay in performing objective
testing, anticoagulant therapy should be initiated until
VTE is objectively confirmed or excluded, unless there are
strong contraindications against the use of anticoagulants
[18, 50].

Recommendation 1 - A clinical suspicion of pregnancy-associated
VTE requires immediate objective testing to confirm or exclude DVT
and/or PE. If the probability of VTE is estimated to be high or if there
is any delay in obtaining test results, therapeutic doses of low-mo-
lecular weight heparin (LMWH) or unfractionated heparin (UFH)
should be administered until a definitive decision based on objec-
tive test results can be made.

Suspected DVT — imaging studies

Compression ultrasound

Complete compression ultrasound (CCUS) of the entire
lower extremity venous system is the method of choice to
confirm or exclude DVT in non-pregnant patients [50, 51].
Several studies and a meta-analysis have revealed the high
sensitivity of CCUS as a single test for the diagnosis of
DVT in non-pregnant patients [52-57]. However, the in-
creased frequency of isolated iliac vein thrombosis during
pregnancy, which is more difficult to diagnose using
CCUS, requires the modification of diagnostic strategies.
If a pregnant woman presents with back or pelvic pain and
swelling of the entire leg and ifisolated iliac vein thrombo-
sis is suspected (e.g., clinically or due to absent respira-
tion-modulated flow in the common femoral vein), addi-
tional imaging is mandatory to assess venous blood flow
within the iliac veins by pulsed Doppler technique or by
colour-coded duplex ultrasound. However, both false pos-
itive and false negative findings are possible due to slow
venous flow and extrinsic venous compression and to non-
occlusive thrombi and visualisation of collateral flow phe-
nomena, respectively.

Le Gal et al. performed a single complete ultrasound
examination extending from the IVC to the calf veins us-
ing high resolution B mode ultrasonography with different
probes, according to the depth of the examined vessels
[58]. The IVC and iliac veins were visualised by duplex ul-
trasound (i.e., direct imaging and Doppler flow tech-
niques), whereas the femoral, popliteal and calf veins were
assessed by CCUS. All of the venous segments were stud-
ied across their entire lengths. In addition, the great and
small saphenous veins were studied at their junctions with
the deep venous system. DVT was diagnosed in 10.5% of
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suspected cases. Of the 177 patients without DVT who did
not receive anticoagulant therapy, only two had an objec-
tively confirmed DVT over the 3 month follow-up period
(1.1%; 95% CI 0.3-4.0 %), yielding a negative predictive
value (NPV) of 98.2% (95% CI 94.9-99.4 %). However, it
must be noted that, in their study, the ultrasound exami-
nations were performed by physicians with at least 10
years of experience in vascular ultrasound imaging. Their
data were in agreement with those of a retrospective co-
hort study performed by the same study group in pregnant
and postpartum patients [59]. Another prospective cohort
study performed in 4 Canadian centres included 221 preg-
nant women with a suspected DVT [60]. All of the patients
underwent compression ultrasound of the femoral and
popliteal veins up to the calf trifurcation and duplex ultra-
sound of the external iliac vein. In 16 patients (7.2%), DVT
was diagnosed at the initial presentation or during serial
testing between days 2-4 and 6-8. In patients with nega-
tive ultrasound, anticoagulation was withheld. The report-
ed risk of VIE within a clinical follow-up period of
3 months during ongoing pregnancy or at least 6 weeks af-
ter delivery was 0.49 % (95% CI 0.09-2.71%). A sensitiv-
ity of 94.1% (95% CI 69.2-99.7%) and an NPV of 99.5%
(95% CI 96.9-100%) were calculated. These findings
were consistent with those previously published by the
same study group [61]. However, all of these studies had
important limitations, and their quality was considered
low to moderate [50].

Recommendation 2 — Ultrasonography, including CCUS of the lower
extremity veins and duplex ultrasound of the iliac veins, is recom-
mended as the method of choice for pregnant women with a clinical
suspicion of DVT. Because the iliac veins are increasingly difficult to
assess with increasing gestational age, ultrasound examinations
should be performed by an experienced sonographer. It is impor-
tant to note that Doppler techniques, which indicate the absence of
venous blood flow or demonstrate thrombus material in the iliac
veins, might yield false positive, as well as false negative, results. If
ultrasonography is negative or inconclusive, clinical follow-up, se-
rial ultrasound examinations (e.g.,on days 3 and 7), D-dimer testing
and/or magnetic resonance (MR) venography without contrast en-
hancement should be considered. A diagnostic algorithm to con-
firm or exclude DVT is suggested in Figure 1.

Magnetic resonance venography

MR venography, which does not involve radiation expo-
sure, has high sensitivity and specificity for the diagnosis
of iliac vein thrombosis in non-pregnant patients. MR ve-
nography has therefore been suggested as an alternative
imaging modality in pregnant patients with suspected iso-
lated iliac DVT in whom the diagnosis cannot be con-
firmed by ultrasonography. To date, there have only been
limited data with regard to the safety of MR venography
during organogenesis, but MR imaging techniques without
contrast enhancement seem to be safe, especially after the
first trimester [62, 63]. Gadolinium has been shown to
cross the foetal blood-placental barrier and appear in the
foetal bladder and the amniotic fluid, where it can be swal-

Consider to start LMWH
during diagnostic work-up
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Complete compression ultrasonography (CCUS)
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Figure 1. Diagnostic algorithm for pregnancy-associated deep vein thrombosis.
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lowed and reabsorbed by the foetus [63, 64]. Animal
studies have revealed teratogenic effects, but only at
markedly increased and repeated doses. However, no
harmful effects have been reported in human foetuses to
date [65, 66]. Because the half-life of gadolinium in the
foetus is not known, gadolinium should be used with ex-
treme caution during pregnancy and only if the potential
maternal benefits clearly outweigh the risks to the foetus
[63, 64].

Pelvic MR venography can be performed using flow-sen-
sitive or time-of-flight sequences, thereby avoiding the use
of gadolinium [63]. In comparison with conventional venog-
raphy in non-pregnant patients, these techniques have a sen-
sitivity of 100 % and a specificity of 94 % [67]. A two-centre
trial compared MR imaging without contrast enhancement
in a time-of-flight technique for ultrasonography in 27 preg-
nant patients between the 23 and 39% weeks of gestation
[68]. Three cases (11.1%) of iliac vein thrombosis were
missed on ultrasound but detected with MR venography. In
20 of 27 cases (74 %), MR imaging found a more proximal
thrombus extension than ultrasonography. MR venography
seems to allow for a more detailed depiction of thrombus
extension and might therefore be considered a complemen-
tary technique in cases of initial negative ultrasound findings
in pregnant patients suspected of having isolated iliac DVT
[68, 69]. However, concerns remain about the potential risks
of heating effects from radio frequency pulses and the ef-
fects of acoustic noise on the foetus [63, 70, 71].

Recommendation 3 - If the clinical presentation raises suspicions
of isolated iliac vein thrombosis and if ultrasonography is non-dia-
gnostic, MR venography can confirm or exclude iliac vein thrombo-
sis. Due to potential foetal risks (e.g., gadolinium toxicity, acoustic
noise), MR imaging should be used very restrictively throughout
pregnancy and, if indicated, without gadolinium contrast.

Conventional and CT venography

Traditionally, conventional venography has been consid-
ered to be the standard test for the diagnosis and exclusion
of DVT, although in clinical practice, this method has been
widely replaced by ultrasonography [50]. Computed to-
mographic (CT) venography can be a useful adjunct in sus-
pected iliac vein thrombosis in non-pregnant patients, but
it carries much higher radiation exposure for the foetus
than conventional venography and should therefore be
avoided during pregnancy [72, 73].

Suspected PE - imaging techniques

Echocardiography and CCUS
of the lower extremities

Echocardiography does not involve exposure to radiation,
and is easy to perform; in addition, it can be repeated as
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often as needed without any harm to the foetus, which is
why it has become an important diagnostic tool during
pregnancy and is the preferred screening method with
which to assess cardiac function [47]. If available, it can be
performed in the emergency unit preceding or following
bilateral ultrasound examination of the lower extremities.
A suspicion of PE is substantiated if echocardiographic
signs of acute right heart strain (i.e., severe tricuspid regur-
gitation, right ventricular dilatation or hypokinesis with-
out RV wall hypertrophy) are present.

Although there has been no direct evidence from trials
for the use of bilateral lower extremity CCUS in cases of
suspected PE in pregnant women, an ultrasound examina-
tion in the early phase can be helpful. Because therapeutic
approaches in patients with confirmed DVT and PE are
essentially the same, it is recommended to start anticoag-
ulant therapy at the time of diagnosis of DVT without fur-
ther radiologic imaging for PE confirmation. If CCUS is
negative or inconclusive, radiologic imaging is required.

Recommendation 4 - In cases of clinically suspected PE, echocar-
diography and ultrasound examination of the lower extremities
should be considered as initial imaging methods to substantiate
the suspicion of PE and confirm the diagnosis of DVT, respectively.

Lung scintigraphy or CT scan

The latest version of the ESC guidelines for the manage-
ment of PE states that lung scintigraphy might be pre-
ferred over CT pulmonary angiography (CTPA) because it
avoids the high radiation dose that CTPA inflicts on the
female breast and the resulting small but significant in-
crease in the lifetime risk of breast cancer [74]. A chest ra-
diograph can be considered as first imaging study, particu-
larly in cases in which other differential diagnoses (e.g.,
pneumonia or pneumothorax) are at least as likely as PE
[49, 75, 76]. The classic radiographic signs of PE - a periph-
eral wedge-shaped infiltrate (Hampton’s hump) and de-
creased pulmonary vascularity (Westermark’s sign) — are
rare findings. However, the radiation dose to the foetus
from chest radiography at any stage of pregnancy is negli-
gible, and chest radiography can guide the decision to-
wards or away from further imaging studies [77]. Women
with a normal chest radiograph should undergo lung scin-
tigraphy to diagnose or exclude PE because this imaging
modality allows for minimisation of maternal radiation ex-
posure. In women with an abnormal chest radiograph or
known pulmonary disease that is likely to impair the inter-
pretation of lung scintigraphy, CTPA can be chosen as the
primary imaging technique.

In general, approximately 70 % of perfusion scans are
normal, and another 5-10% lead to a diagnosis of PE,
which indicates that a ventilation scan is dispensable in the
majority of cases, further limiting radiation exposure. A
normal perfusion scan and a negative CT scan have been
demonstrated to be equally reliable in excluding PE in
pregnant women [78, 79]. This finding has been attributed
to a lower frequency of non-diagnostic lung scintigraphy
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Table Ill. Diagnostic value of CT pulmonary angiography versus lung scintigraphy

Study N Study Design

Outcome

Comment

Ridge, 2009 [80] 28 CT scans vs.

25 scintigraphs

Retrospective

Revel, 2011 [84] 46 CT scans vs.

91 scintigraphs

Retrospective,
3-month FU

Shahir, 2010 [85] 106 CT scans vs.

99 scintigraphs

Retrospective,
3-month FU

PE:2/42 (4.8%);
Diagnostic inadequacy
35.7% vs. 2.1 %;p<0.001

PE:13/129 (13.2%);
Diagnostic inadequacy
18.6% vs.18.7;p=0.99

PE:4/196 (2.0%);
Diagnostic inadequacy

Transient interruption of contrast medium
by unopacified blood from the IVC in 8/10
non-diagnostic CT scans

Better inter-observer agreement for CT
(k=0.75;95% Cl 0.63~-0.87) than for
scintigraphy (k=0.75;95% Cl 0.63-0.87)

Negative predictive value (NPV)
99 % for CT vs. 100 % for scintigraphy

5.6% vs.3.0%; p=0.50

Cabhill, 2009 [86] 108 CT scans vs. Retrospective
196 scintigraphs
Overall 288 CT scansv.

411 scintigraphs

PE:18/260 (6.9 %);
Diagnostic inadequacy
17.0% vs.13.2%;p=0.38

In case of a normal chest x-ray, the rate of a
non-diagnostic CT scan was 5.3-fold higher
than with scintigraphy (95% Cl 2.1 -13.8)

Diagnostic inadequacy
11.4%vs. 14.9%

Abbr.: CT: Computed tomography, PE: Pulmonary embolism, FU: Follow-up.

and a higher frequency of non-conclusive CT scans during
pregnancy, compared to the non-pregnant population [80-
82]. The results of studies comparing the diagnostic ade-
quacy of lung scintigraphy and CTPA are summarised in
Table III.

Pregnant women are generally younger and are less
likely to have comorbidities affecting the lungs, which
would lower the validity of lung scintigraphy. Two studies
including 105 and 24 pregnant women with suspected PE
reported definite diagnostic scans in 94 % and 96 % of cas-
es with normal initial chest radiography, respectively [80,
82]. Regarding CTPA, the hyperdynamic effects of preg-
nancy, which include increases in cardiac output, vascular
resistance, heart rate and plasma volume, can lead to a di-
lution of contrast agent and possibly to an interruption of
the contrast bolus when opacified blood from the superior
vena cava is mixed with unopacified blood from the IVC,
which can result in poor opacification of the pulmonary
arteries [49, 80, 81, 83]. Furthermore, pressure in the IVC
is increased by the gravid uterus, especially in the supine
position, and there is a significant increase in IVC blood
flow during deep inhalation. Technically inadequate and
therefore non-diagnostic CTPA examinations have been
reported in 6-36 % of cases [80, 84-86]. Therefore, CTPA
protocols must consider the haemodynamic changes that
occur during pregnancy and should be adapted to improve
image quality (e.g., avoidance of initial deep inhalation,
automated bolus tracking, a short scan delay, high iodine
flux achieved by high flow rate of contrast medium and/or
high iodine concentration) [49, 83]. In addition, adequate
low-dose strategies for both lung scintigraphy and CTPA
should be used while maintaining diagnostic quality [49].

The serious adverse effects of in utero radiation expo-
sure include teratogenicity and oncogenicity. However,
the potential risks of exposure to ionising radiation must
be balanced against the risk of missing a potentially fatal
condition, such as PE. In contrast, clinical suspicion of PE
without confirmation by adequate imaging studies can ex-
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pose the mother and foetus to the risks of anticoagulant
treatment and can influence management strategies at the
time of delivery, as well as in future pregnancies. There-
fore, the diagnosis or exclusion of PE by means of appro-
priate diagnostic methods, including radiologic imaging,
is crucial [74].

Foetal radiation exposure

The average dose from naturally occurring background ra-
diation over the course of a normal gestation is 0.5-1.0
mSv. Exposure to radiation doses lower than 50 mSv has
not been shown to be associated with different pregnancy
outcomes, compared with foetuses exposed to background
radiation alone [49, 87, 88]. Within the first two weeks af-
ter conception, a foetal radiation dose of 50-100 mSv can
cause the failure of blastocyst implantation, resulting in
spontaneous miscarriage [63]. If the embryo survives, ex-
posure to radiation in this early phase will probably not re-
sult in deterministic or stochastic effects on the foetus be-
cause blastocyst cells are omnipotent and can replace
damaged cells (the so-called “all-or-none period”). The
growing embryo or foetus is most vulnerable to radiation
effects between the 8th and 15th weeks of gestation [89]. A
definitive threshold has not been determined, but it is as-
sumed that the risks of congenital malformations, intrau-
terine growth restriction, intellectual disability, and preg-
nancy loss substantially increase with doses greater than
100-200 mSv [63, 87].

The amounts of radiation absorbed by the foetus during
different diagnostic tests are shown in Table IV. It is impor-
tant to note that all radiologic imaging tests fall well below
the critical threshold of 100-200 mSv. Furthermore, the ef-
fects of radiation on the foetus depend not only on the radia-
tion dose applied to the mother but also on the gestational
age at which exposure occurs. For example, if CTPA is per-
formed because of suspected PE in the mother, the foetus is
exposed to scatter radiation. In early pregnancy, the distance
from the directly irradiated region to the embryo is at least
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Table IV. Foetal and maternal radiation doses associated with diagnostic tests for VTE. The broad ranges of values for some tests reflect hetero-
geneity in the protocols and equipment used, as well as differences in the size and age of the foetus at time of exposure [74, 89]

Imaging technique

Foetal exposure

Maternal exposure

(mSv) (mSv)
Chest x-ray (two views) 0.001-0.01 <0.01
Ventilation lung scan *°"Tc 0.1-0.3 <0.01
Low-dose perfusion lung scan *°"Tc 0.1-0.6 0.2-1.2
CT pulmonary angiography 0.01-0.66 7-70
Conventional pulmonary angiography 2.2-3.7 15-20
Conventional venography 3-6 0,5-2
CT venography of the iliac veins 10-50 10-50

Abbr.: mSv: millisievert, Tc: Technetium, CT: Computed tomography

20 c¢m, and scatter radiation levels have been estimated to
be no more than 1% of the chest dose [90]. With the progres-
sion of pregnancy, foetal radiation exposure will increase be-
cause the growing foetus moves closer to the imaging vol-
ume. Perfusion scintigraphy requires intravenous injection
of a radionuclide tracer, usually 99mTc-labelled microalbu-
min particles, leading to perfusion-dependent and bladder
reservoir-related direct foetal exposure. It remains a matter
of debate whether CTPA or lung scintigraphy provides expo-
sure to a lower foetal radiation dose. Dose estimates depend
on additional factors, e.g. the type and model of scanner, the
imaging protocol and the methods used to estimate radia-
tion exposure. In conclusion, the radiation dose that is likely
to result from any diagnostic procedure should present no
risk of foetal death, malformation, growth retardation or im-
pairment of mental development.

However, according to the currently accepted linear no-
threshold models, which hypothesise that ionising radiation
can cause cancer at any dose, a stochastic risk of carcino-
genesis after in utero radiation exposure always remains.
Leukaemia has been described as the most common radia-
tion-associated malignancy in childhood [91]. The risk of
cancer is difficult to predict, particularly if radiation doses
are very low. The International Commission on Radiologi-
cal Protection has estimated the increase in the risk of fatal
childhood cancer before the age of 15 years old after in utero
radiation exposure to be approximately 0.006 % per mSv,
which corresponds to a risk of one in 17,000 cases per mSv
[88]. With higher doses (e.g., 20-50 mSv during pelvic CT),
there is an estimated 2-fold increased risk of childhood can-
cer, but the absolute increase in lifetime cancer risk remains
low and has been estimated to be less than one in 250 cases
[63, 89]. Considering that approximately 23-42% of the
general population can be expected to develop cancer in
their lifetime, the impact of in utero radiation exposure due
to diagnostic imaging on lifetime cancer risk seems to be
negligible [63, 87]. A population-based study of 1.8 million
mother-child pairs in Ontario (Canada) did not reveal a signifi-
cant increase in the risk of cancer in children of mothers
who underwent CT or radionuclear imaging during preg-
nancy compared with children born to mothers with no ex-
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posure (adjusted hazard ratio 0.68; 95% CI 0.25-1.80), al-
though small harmful effects could not be excluded [91].
Moreover, the overall risk of radiologic imaging seems to be
small in comparison with the natural risks of pregnancy:
15% risk of spontaneous miscarriage, 4 % risk of prematuri-
ty and growth retardation, 3% risk of spontaneous birth de-
fects, and 1% risk of mental retardation [63, 90].

Maternal radiation exposure

Lung cancer and breast cancer are the two malignancies that
account for the greatest risk of radiation-induced cancer
mortality in exposed women [49]. The proliferating glandu-
lar breast tissue is assumed to be especially sensitive to radi-
ation [92, 93], and CTPA exposes maternal breasts to a much
higher radiation dose than lung scintigraphy (Table IV). It
has been estimated that exposure of the breasts of women
aged 35 years old to 10 mSv increases the risk of breast can-
cer by approximately 14 % over the background rate for the
general population [94]. The lifetime excess relative risk of
breast or lung cancer in girls and young women undergoing a
single CTPA examination has been calculated to be 1.7-5.5%
[95]. Although the risk resulting from an individual CTPA or
lung scintigraphy is low, it should be considered that a sub-
stantial number of patients will undergo repetitive examina-
tions for PE or other reasons during their lifetimes. To mini-
mise the oncogenic and teratogenic risk of radiation for the
mother and the foetus, all medically imposed radiation dos-
es must therefore be kept “as low as reasonably achievable”
(the ALARA principle). Pregnant patients should also be well
hydrated and should be asked to urinate frequently to ex-
crete the radionucleotide after lung scintigraphy.

lodinated contrast agents

Small amounts of iodinated contrast agents can cross the
placenta and enter the foetal circulation and the amniotic
fluid, exposing the foetus to additional risks [66]. No effect
on foetal thyroid function has ever been reported, but a
theoretical risk of iodine-induced neonatal hypothyroid-
ism remains [49, 89, 96, 97]. Although it is standard prac-
tice to screen all neonates for hypothyroidism, this test is
particularly important in neonates born to women who re-
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Figure 2. Diagnostic algorithm for pregnancy-associated pulmonary embolism.
ceived iodinated contrast agents during pregnancy [98]. MR imaging

No animal studies have demonstrated the teratogenicity of
intravascular administration of iodinated contrast media,
but the current guidelines of the European Society of Uro-
genital Radiology (ESUR) state that iodinated contrast
agents should be administered with caution because seri-
ous adverse effects cannot be definitively excluded [98].

Less than 1% of contrast medium administered to lac-
tating women is excreted into the breast milk, and less
than 1% in the breast milk is absorbed by the child [99].
Theoretical risks from contrast agents include direct toxic-
ity or allergic sensitivity and reaction, neither of which has
been reported [63, 89].

© 2016 Hogrefe

The limitations of CTPA and concerns about the potential
harmful effects of ionising radiation techniques and iodi-
nated contrast agents during pregnancy led to the consid-
eration of the benefits of the use of MR imaging for sus-
pected PE in pregnant patients. MR imaging detects
central and segmental emboli accurately, but it has been
less suited for detecting smaller subsegmental emboli.
However, no management studies have evaluated the
performance of MR pulmonary angiography for PE in
pregnancy to date [49, 100]. If MR pulmonary angiogra-
phy is considered, pregnant women should undergo non-
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enhanced MR imaging with protocols using motion-re-
sistant bright blood techniques that do not require
intravenous contrast material (e.g., balanced steady-state
free precession [SSFP] imaging) [101]. These techniques
can visualise central, lobar and segmental arteries and
provide sufficient image quality. Kluge et al. presented
promising results of real-time MR imaging without gado-
linium contrast in 62 non-pregnant patients with suspect-
ed PE, demonstrating a sensitivity of 85% and specificity
of 98 % with this technique [100]. Although the use of MR
imaging has not been shown to have deleterious effects on
the foetus, these techniques should be indicated restric-
tively throughout pregnancy (see MR venography).

Conventional pulmonary angiography

Percutaneous catheter-based pulmonary angiography has
been generally replaced by CTPA and lung scintigraphy
and is not typically performed in pregnant patients. If una-
voidable, e.g. if life-threatening PE is suspected, angiogra-
phy via the brachial route should be preferred over femoral
access because the former exposes the foetus to less radia-
tion (0.5 mSv vs. 2.2-3.7 mSv) [102].

Recommendation 5 - If lung scintigraphy is available, a low-dose
perfusion scan is the preferred imaging technique to diagnose or
exclude pregnancy-associated PE in women with normal chest
radiography because this method exposes maternal breasts to
less radiation than CTPA. If an initial chest radiograph is abnor-
mal or if lung scintigraphy is non-conclusive or not available,
CTPA should be prioritised. Foetal and maternal radiation doses
with either lung scintigraphy or CTPA are far lower than the criti-
cal threshold of 50 mSv. Therefore, neither test should be with-
held categorically from pregnant women who present with a
clinical suspicion of PE. A suggested diagnostic algorithm to con-
firm or exclude PE is presented in Figure 2. Local diagnostic pro-
tocols should be adapted according to the availability of imaging
techniques and the examiner’s experience.

Clinical pre-test probability

A recent review and meta-analysis showed that the diag-
nosis of VTE was confirmed in only 4.1% of pregnant
women, compared with 12.4% of non-pregnant patients
who presented in the emergency unit with the clinical sus-
picion of PE [103]. To limit the number of radiologic imag-
ing studies in pregnant women, clinical prediction rules,
which are an integral part of diagnostic management in
the non-pregnant population, might also be desired for
pregnant women with suspected VTE. However, studies
that established clinical prediction rules, such as the Wells
or Geneva scores, excluded pregnant women, and these
rules have not yet been validated for use in pregnancy
[104-106]. Because pregnant women frequently develop
leg swelling or dyspnoea unrelated to DVT or PE, and are
less likely to have comorbidities included as risk factors in
these models, these scores might not be applicable during
pregnancy and cannot be recommended [50].

O’Connor et al. published a retrospective analysis of 125
pregnant women who were referred for CT angiography
[107], whereas Cutts et al. retrospectively investigated 183
pregnant patients who underwent ventilation perfusion
scanning for suspected PE [108]. In both studies, no pa-
tients with a Wells score of less than 6 points had con-
firmed PE, corresponding to sensitivity and an NPV of
100% [107, 108]. Further prospective evaluation of this
clinical prediction model is required.

In a multicentre study, Chan et al. assessed 11 variables
including Wells score [104] to identify the most appropriate
variable for prediction of the presence or absence of DVT in
194 unselected pregnant women with a suspected first DVT
[45]. In their final model, the authors suggested a prediction
model based on three variables, i.e., symptoms in the left leg
(L), calf circumference difference =2 cm (E for oedema), and
first trimester (FT) presentation (together constituting the
so-called “LEFT score”). If a pregnant woman with suspect-

Table V. D-dimer values according to the duration of pregnancy. In all of the cited studies, the threshold for positive D-dimer was 500 mg/nL

Study group  D-dimer test Study participants 1sttrimester 2" trimester 34 trimester

Morse, 2004 IL-test D-dimer N =48, Mean: 191 Mean: 393 Mean: 544

[111] (IL) Healthy women Range: 45-553 Range: 142-2210 Range: 155-2782

Kline, 2005 MDA immuno- N =50, Mean +SD: 579+ 363 Mean +SD: 832 +425 Mean+SD: 11569+573

[110] turbidometric assay Healthy women Normal D-dimer: 50 % Normal D-dimer: 23 % Normal D-dimer: 0 %

(Organon Teknika)
Kovac, 2010 HemoslIL D-dimer N =89, Mean+SD: 222+ 64 Mean +SD: 326+ 131 Mean +SD: 475+ 169
[118] HS (IL) Healthy women Range: 121 -474 Range:171-333 Range: 206 - 890
Normal D-dimer: 84 % Normal D-dimer: 33 % Normal D-dimer: 1%

N=12, Mean +SD: 1596 +95 Mean +SD: 1330 +700 Mean+SD: 1157 -374
Confirmed DVT Range: 1500~ 1691 Range:524-1784 Range:922-1818

Wang,2013 Latex-based immu- N=1343 IQR:200-410 IQR 470-1030 IQR:910-1870

[119]

noturbidimetry
(Diagnostica Stago)

Healthy women

Normal D-dimer: 85 %

Normal D-dimer: 29 %

Normal D-dimer: 4%

Abbr.: SD: Standard deviation, IQR: Interquartile range.
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Table VI. Diagnostic methods for venous thromboembolism during pregnancy

Diagnostic method

Advantages

Disadvantages

Lower extremity CCUS/and iliac
vein duplex US

Chest radiograph

Lung scintigraphy

CT pulmonary angiography

MR pulmonary angiography/ MR
venography

D-dimer testing

- Readily available

- Non-invasive

- No radiation exposure

- Accurately diagnoses LE-DVT allowing anti-
coagulant therapy

- Low radiation dose
- Canyield alternative diagnoses
- Guides choice of further imaging

- Lower radiation exposure to maternal breast
than CTPA

- High sensitivity and NPV in case of a normal
chest radiograph

- Diagnostic alternative in cases of allergy to
iodine or renal failure

- Widespread availability

- Rapid image acquisition

- Direct visualisation of clot burden

- Provides prognostic information by assess-
ing the right to left ventricular ratio (RV/LV)
as an indicator of right heart strain

- Canvyield alternative diagnoses

- Alternative if CT/scintigraphy is contraindi-
cated

- No exposure to iodinated contrast or radia-
tion

- High sensitivity and specificity to detect pel-
vic DVT in non-pregnant patients

Negative D-dimers make clinically important

- Operator-dependent
- Might miss isolated iliac vein thrombosis
- Negative US requires additional imaging

- Lack of specificity when normal or when
parenchymal or pleural abnormalities are
detected

- Non-diagnostic in =10-15% of cases, e.g., in
patients with pre-existing lung disease
- Cannot provide differential diagnoses

- Requires iodinated contrast material

- Maternal and foetal radiation exposure

- Hyperdynamic circulation in pregnancy
might increase the rate non-diagnostic im-

aging

- Limited availability

- Limited ability to detect segmental and sub-
segmental PE

- Concerns about foetal safety (e.g., gado-
linium, acoustic noise)

- Non-enhanced MR methods are required,
but have less been evaluated

Elevated D-dimers in the majority of cases in

VTE very unlikely

the 2nd and 3rd trimesters

ed DVT presented with none of these three variables, DVT
was not diagnosed [45, 46]. However, this model requires
confirmation in the form of larger prospective studies.

D-dimer testing

D-dimers, which are a degradation product of cross-linked
fibrin, have been established as a sensitive but non-specific
marker for clinically important VTE. Whereas a positive test
result does not necessarily indicate VTE, a negative test re-
sult can be helpful in the exclusion of DVT and particularly
of PE. Guideline recommendations about D-dimer testing
during pregnancy have been controversial [27, 49, 74]. Dur-
ing an uncomplicated pregnancy, there is a steady increase
in D-dimer levels with a peak on the first day after delivery
[38, 109-111]. Multiple pregnancies [112, 113], pregnancy
complications (e.g., pre-eclampsia, abruptio placentae, pre-
term labour, OHSS) [112, 114, 115] and FVL mutation [116]
have been demonstrated to increase D-dimer levels further
during pregnancy. An increase in D-dimer values through-
out pregnancy has also been observed in women receiving
LMWH at prophylactic or therapeutic doses [117].

Because of the increasing frequency of false positive test
results, D-dimer testing is deemed to be less useful in preg-
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nant women than in non-pregnant women. Whereas in the
first trimester, 50-85% of pregnant women have normal
D-dimer levels, the proportion of women with values within
the reference range decreases to 23-33% in the second tri-
mester and to 0-4% in the third trimester [110, 118, 119].
Table V summarises the D-dimer ranges in recent studies
sorted by trimester. Pregnant women with confirmed VTE
have much higher D-dimer levels than pregnant women
without VTE, and pregnancy-specific threshold values for
each trimester have been suggested on this basis [111, 113,
118, 120, 121]. Currently, several different D-dimer tests -
stratified as moderately sensitive or highly sensitive - are
available, and test results vary depending on the different
assays in use. Chan et al. investigated the characteristics of
five D-dimer assays in 228 pregnant women with clinical
suspicion of DVT [120]. Comparing those 15 women in
whom DVT was confirmed with DVT-negative subjects, the
authors were able to provide cut-off values with an NPV of
at least 98 % and specificity of at least 60 % for each trimes-
ter. These findings are promising, but the small sample size
and low prevalence of VTE in this cohort represent the limi-
tations of this study. The clinical utility of higher cut-off
values therefore must be tested in larger prospective man-
agement studies. However, if the conventional reference
range adopted from non-pregnant patients is applied, nor-
mal D-dimers exclude clinically relevant VTE, and particu-
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larly PE, in pregnant women as reliably as in the non-preg-
nant population [47, 74].

Recommendation 6 — Because D-dimer levels physiologically in-
crease during pregnancy and peak at delivery, a negative D-dimer
test result will become less likely in pregnant women. However, us-
ing the conventional reference ranges of non-pregnant individuals,
a normal D-dimer test excludes VTE with the same likelihood in
pregnant women. To date, reliable pregnancy-specific higher cut-
off values have not been provided, but they warrant further
investigation.

Conclusions

Pregnant women are at greater risk for VTE than the non-
pregnant population. Their risk is substantially increased
during the postpartum period, and it is particularly high in
women with a previous venous thromboembolic event, a
positive family history of VTE or known thrombophilia.
Typical clinical signs (e.g., leg swelling, dyspnoea) are
non-specific and not uncommon during normal pregnan-
cy. If a pregnant woman is clinically suspected of having
VTE, objective testing to diagnose DVT or PE is mandato-
ry. Adequate imaging studies with adapted protocols are
the cornerstone of diagnosis of pregnancy-related VTE.
CCUS of the lower extremity veins and duplex ultrasound
of the iliac veins are the methods of choice for diagnosing
DVT during pregnancy and postpartum, whereas lung
scintigraphy and CTPA are recommended for the confir-
mation or exclusion of clinically important central and
segmental emboli in the lungs. Advantages and disadvan-
tages of each diagnostic tool are summarised in Table VI.
Foetal radiation exposure and contrast-related side effects
remain major concerns, but it must be emphasised that
radiologic imaging can be used in pregnancy as long as an
effort is exerted to achieve the lowest radiation doses pos-
sible. All imaging techniques show pregnancy-specific
limitations that should be considered in planning a diag-
nostic strategy for an individual patient.

Abbreviations

APS Antiphospholipid syndrome

ART Assisted reproductive technologies
CCUS Complete compression ultrasonography
Cl Confidence interval

CI Computed tomography

CTPA CT pulmonary angiography

DVT Deep venous thrombosis

ECG Electrocardiogram

FVL Factor V Leiden mutation

IVC Inferior vena cava

LMWH Low-molecular weight heparin

MR Magnet resonance

MTHFR  Methylene tetrahydrate folate reductase
NPV Negative predictive value

OHSS Ovarian hyperstimulation syndrome
OR Odds ratio

PCOS Polycystic ovarian syndrome

PE Pulmonary embolism

PT Prothrombin

UFH Unfractionated heparin

VTE Venous thromboembolism
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