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Pulmonary embolism in pregnancy is a significant and
under-recognized problem. In British Columbia, where
there are 46,000 pregnancies per year, it is estimated that
there are approximately 160 pulmonary embolisms per year
and one maternal death every two years secondary to pul-
monary embolism. A complete assessment for suspected
pulmonary embolus can be performed without putting the
fetus at significant risk from radiation exposure. An algo-
rithm is provided for the workup of pulmonary embolus
during pregnancy. Heparin is the drug of choice for
anticoagulating pregnant women, initially managing the
situation with intravenous heparin and then switching to the
subcutaneous route given in a bid or tid regimen, aiming to
keep the activated partial thromboplastin time 1.5 to 2 times
the control. The risks to both the fetus and the mother from
anticoagulation during pregnancy are reviewed.
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Diagnostic et prise en charge de I’embolie
pulmonaire pendant la grossesse

RESUME : L’embolie pulmonaire pendant la grossesse re-
présente un probléme considérable et insuffisamment re-
connu. En Colombie-Britannique, sur 46 000 grossesses
par année, le nombre d’embolies pulmonaires est estimé a
environ 160 et le nombre de déces maternels secondaires a
une embolie pulmonaire a 1 tous les deux ans. Une évalua-
tion compléte peut étre faite en cas de suspicion d’embolie
pulmonaire sans exposer le foetus a des risques importants
de radiations. Un algorithme est proposé pour 1’évaluation
de I’embolie pulmonaire pendant la grossesse. L’héparine
reste I’anticoagulant de choix pour une femme enceinte; cet
anticoagulant sera initialement administré par voie intra-
veineuse puis, par voie sous-cutanée suivant un régime de
deux ou trois fois par jour, pour maintenir le temps de
céphaline activé de 1,5 a 2 fois le temps témoin. Les risques
associés a 1’administration d’anticoagulants pendant la
grossesse, pour la mere et le foetus, sont passés en revue.

Pulmonary embolism is a significant and under-recog-
nized source of mortality and morbidity for pregnant
women (1,2). The mortality from pulmonary embolism in
pregnancy in the United States from 1982 to 1985 was 1.2
deaths per 100,000 live births (1). This represents 12.5% of
all maternal deaths and is the second leading cause of death
behind trauma. The incidence of pulmonary embolism is in-
creased 3.5-fold in Blacks and non-Caucasians, and the risk
increases with age, being 10 times greater in women over the
age of 40 years compared with women under 25 (1,2).

The true incidence of pulmonary embolism during preg-
nancy can only be estimated from the knowledge of the inci-
dence of proven deep venous thrombosis (DVT). The
incidence of DVT in pregnancy was found to be seven per
1000 consecutive ambulatory pregnant women in an out-pa-
tient group who had DVT proven by venography or plethys-
mography (3). Since it has been shown that approximately
50% of patients who have proven DVT develop pulmonary
emboli, based on high probability ventilation/perfusion (
V/ Q) scans (4), these data imply approximately 3.5 pulmo-
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TABLE 1
Fetal absorbed radiation from procedures used to
diagnose pulmonary embolus

Estimated fetal radiation

Procedure exposure (rads)
Chest x-ray <0.001
Ventilation lung scan
using "**Xe 0.004-0.019
using " Tc-DTPA 0.007-0.035
using ®*™Tc SC 0.220-0.260
Perfusion lung scan using 9OmTC MAA
3 mCi 0.018
1-2 mCi 0.006-0.012
Limited venography <0.050
Unilateral venography without 0.314
abdominal shield
125I-fibrinogen leg scanning 2.000
Pulmonary angiography via brachial <0.050
Pulmonary angiography via femoral 0.211-0.374

Data summarized from reference 6

nary embolisms per 1000 pregnancies. In British Columbia,
with a population of 3.6 million and an estimated rate of
46,000 pregnancies per year, this would mean approxi-
mately 160 episodes of pulmonary embolism per year and
one death from pulmonary embolism every two years (based
on 1.2 deaths per 100,000 live births [1]).

RISK FACTORS FOR
THROMBOEMBOLIC DISEASE

Why are women at an increased risk of thromboembolic
disease? Considerable evidence suggests that pregnancy is a
hypercoagulable state. Factors that contribute to this hyper-
coagulable state include the following: venous stasis secon-
dary to the gravid uterus, which obstructs drainage from the
legs; increases in nearly all clotting factors, with the excep-
tion of factors XI and XIII, as well as increases in soluble fi-
brin monomer complexes (5) — all of this indicates an
activation of the coagulation system which shortens both the
prothrombin time and the activated partial thromboplastin
time (aPTT); some authors have also observed decreases in
the natural anticoagulants antithrombin III and protein S (5);
and as pregnancy progresses, there is a steady decrease in
the plasma fibrinolytic activity (5) — this hypercoagulable
state does not return to the prepregnant levels until six weeks
postpartum.

RADIATION RISKS TO FETUS

A major problem a clinician faces when presented with a
pregnant woman in whom pulmonary embolism is sus-
pected is how much radiation is safe for the mother and the
fetus. In 1989, Ginsberg et al (6) reviewed the literature with
respect to fetal risk from radiation in the diagnosis of pulmo-
nary emboli and DVT in pregnant women. They showed that
if the mother received less than 5 rads of radiation during a
pregnancy there was a small but statistically significant in-
creased risk of childhood cancer. Depending on the study,
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the relative risk ranged from 1.2 to 2.4; however, the data they
reviewed did not allow them to construct a dose-response
curve to determine whether there was a linear relationship of
exposure to risk. It is important to note that the data they re-
viewed was from retrospective cohort studies and that the
principal procedure associated with radiation exposure was
pelvimetry, which would tend to result in exposures nearer to
5 than 1 rad. Also, the risk of childhood cancer in the general
population in the first 10 years of life is 0.1% so that the abso-
lute increase in risk is small. There was no increased risk of in
utero death, infant death, growth retardation or mental retar-
dation, although there was a slight increase in risk of eye ab-
normalities. Table 1 shows the radiation exposure associated
with a number of common radiological and nuclear medicine
procedures (6). Of considerable interest was the observation
made by these investigators that the amount of radiation asso-
ciated with the same procedure varied by up to 10-fold among
radiology procedure rooms within the same institution and
among institutions.

DIAGNOSING PULMONARY EMBOLISM IN
PREGNANCY — VENTILATION/PERFUSION SCANS

Pregnant women have been excluded from all the major
studies to evaluate methods and algorithms for the diagnosis
of pulmonary embolism (7,8). However, it is likely that the
results can be generalized to the investigation of pulmonary
embolism in pregnancy (Figure 1). A major lesson that was
learned from the PIOPED (Prospective Investigation of Pul-
monary Embolism Diagnosis) study, in which V/Q scans
were compared with pulmonary angiograms, was that only
13% of people who are suspected of having pulmonary embo-
lism have a high probability scan and only 14% have a normal
scan, leaving 73% with an indeterminant scan (Table 2). This
means that using a V/ Qscan alone achieves a diagnosis in only
27% of people. If one has a high or intermediate clinical sus-
picion of a pulmonary embolus, it is very important to go on
to a second study if the scan is indeterminant.

The logical next test is to examine the deep veins of the
legs, since a positive study for DVT will preclude the need for
a pulmonary angiogram and reduces the performance of angi-
ography by 50% (9). Many methods exist for evaluating the
lower extremities. However, radiolabelled fibrinogen leg
scanning is completely contraindicated in pregnant women
for two reasons: fibrinogen scans give approximately 2 rads
of radiation to the fetus — an unacceptably high dose; and fi-
brinogen scans use 1257 which accumulates in fetal thyroid
tissue, predisposing to congenital hypothyroidism.

Impedance plethysmography (IPG) is the only method for
diagnosing deep venous thrombosis in pregnant women that
has been proven to be effective (10). Performing the IPG in
the lateral decubitus position has been shown to be effective
in diagnosing deep venous thrombosis in all three trimesters
of pregnancy and is also sensitive in the diagnosis of iliac
thrombosis. Duplex ultrasound and venography have not been
evaluated in a rigorous manner during pregnancy and they have
been reported to have pitfalls. It has been suggested that du-
plex ultrasound could miss isolated iliac thrombosis in the
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Figure 1) Clinical suspicion of pulmonary embolus. CXR Chest x-ray; v/ Q Ventilation/perfusion. Modified from reference 9

third trimester of pregnancy. Venography has produced false
positive results in the third trimester secondary to the enlarged
uterus and fetal head producing pseudothrombosis on radio-
graphic images of the veins of the lower extremities (11).

For reasons that are unclear, DVT in pregnant women oc-
curs predominantly in the left leg (3,12). In one study, 58 of
60 occurred in the left leg only and two of 60 occurred bilat-
erally (12). None of the pregnant women had an isolated right
DVT. The authors speculated that compression of the left il-
iac vein by the right iliac artery as they cross may be a con-
tributing factor. Also, the incidence of thrombosis appears to
be fairly equally spread across all three trimesters (3,12).
Thus, a swollen left leg in the first two trimesters of preg-
nancy should be fully investigated for DVT and should be
considered in the differential in the third trimester along with
more benign conditions commonly seen then.

PULMONARY ANGIOGRAPHY
Pulmonary angiography remains the gold standard for the
diagnosis of pulmonary embolus. The dose of radiation to the
fetus, if angiography is done through the brachial artery, is
less than 0.05 rads. Stein et al (13) reviewed the risks of a pul-
monary angiogram and summarized the outcomes from the
1111 angiograms that were done in the PIOPED study (7).
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TABLE 2

Chance of pulmonary emboli proven on pulmonary
angiogram based on clinical suspicion and ventilation/
perfusion scan results — summary of PIOPED results

Clinical suspicion

Scan result High Intermediate Low
High 96% (28/29) 88% (70/80) 56% (5/9)
Indeterminate 59% (33/56) 22% (96/427) 9% (15/158)
Normal 0% (0/5) 6% (4/62) 2% (1/61)

PIOPED Prospective Investigation of Pulmonary Embolism Diagno-
sis

They found that the risk of death was 0.05% with major com-
plications having a 1% incidence. Major complications were
defined as the need for cardiopulmonary resuscitation, respi-
ratory arrest requiring intubation or renal failure requiring di-
alysis. Minor complications occurred in 5% of people and
included respiratory distress not requiring intubation, renal
impairment not requiring dialysis, angina, hypotension, con-
gestive heart failure, urticaria, hematoma and arrhythmias.
The radiation exposure for the various tests used in the di-
agnosis of pulmonary embolism is shown in Table 3. A chest
x-ray and a high probability " / O scan exposes the fetus to only
0.063 rads of radiation. If the scan is indeterminate and a ve-
nogram and pulmonary angiogram are subsequently done,
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TABLE 3
Total radiation to diagnose pulmonary embolism
Test Exposure (rads)
Chest x-ray + V / Qscan 0.036
Chest x-ray + V / Qscan + angiogram 0.086
Chest x-ray + V / Qscan + venogram 0.365

with abdominal shield
Chest x-ray + V / Qscan + venogram 0.714

without abdominal shield

V /Q Ventilation/perfusion

the total radiation exposure is still only 0.714 rads. Thus, a
complete investigation can safely be performed so as not to
incorrectly label a young woman with the diagnosis of pul-
monary embolism and subject both her and the fetus to the
potential risks of long term anticoagulation.

ANTICOAGULATION IN PREGNANCY

Heparin is the anticoagulant of choice for pregnant
women (14). The initial management of a DVT or pulmo-
nary embolism is a continuous infusion of heparin. Rapid
heparinization is the most important goal. In a recent report,
Raschke et al (15) showed that the use of a weight-based no-
mogram resulted in significantly faster achievement of
therapeutic heparinization. They used a bolus of 80 units/kg
and then 18 units/kg/h. Under this regimen, 80% of patients
were fully anticoagulated within 8 h whereas, with a stan-
dard protocol of 5000 units and then 1000 units/h, only 40%
of patients were similarly anticoagulated at 8 h. This differ-
ence was significant (P<0.001).

Warfarin is not recommended during pregnancy (14). If
used between six and 12 weeks of gestation, there is a 26%
incidence of stippled epiphyses and nasal hypoplasia in the
fetus (16). It has also been associated with fetal central nerv-
ous system abnormalities if given during the second and
third trimester.

Anticoagulation for the remainder of pregnancy should
be with subcutaneous heparin once a stable dose of intrave-
nous heparin, resulting in an aPTT of 1.5 to 2 times the con-
trol for five to 10 days, has been achieved. The initial dosing
of subcutaneous heparin is derived by adding up the 24 h in-
travenous dose and dividing this into bid or tid doses. The
goal should be an aPTT of 1.5 to 2 times control at the mid-
point between doses (14). The heparin requirements may in-
crease over the course of the pregnancy because of a
decrease in maternal antithrombin 3 levels (3,17). The aim is
to treat until six weeks postpartum or a total of three months
of anticoagulation if the pulmonary embolism occurs in the
latter part of pregnancy. Once the baby is delivered, warfarin
is safe because it does not enter breast milk (14).

RISKS TO THE FETUS FROM HEPARIN
DURING PREGNANCY
The potential complications of heparin therapy for the fe-
tus have been recently reviewed (16,18). When the out-
comes of pregnancies requiring anticoagulation were co-
mpared with pregnancy in the Canadian general population,
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there was a small increase in still births and neonatal deaths in
the former group, but these complications were not signifi-
cantly more common than in the general population.

RISKS TO THE MOTHER FROM HEPARIN

DURING PREGNANCY
Bleeding complications: A major concern is whether there is
an increased risk of maternal hemorrhage with heparin use. In
a retrospective cohort study, Ginsberg et al (18) reviewed the
complications of heparin therapy in 100 pregnancies in 77
women. Their definition of hemorrhage was very broad and
included bleeding from any site. They reported two signifi-
cant episodes of bleeding producing an incidence of 2% (95%
CI0to 7.1%). Neither episode was associated with significant
maternal or fetal complications. This incidence of hemor-
rhage is similar to the 1.8% reported by Hull et al (19) when
heparin in adjusted dose was used for anticoagulation of non-
pregnant patients.

Anderson et al (20) raised the concern that the anticoagu-
lant effect of heparin is prolonged around the time of delivery,
making epidural analgesia unsafe. They studied 11 pregnan-
cies in 10 women receiving adjusted dose heparin. They
showed that in six pregnancies the anticoagulant effect lasted
for up to 28 h after the last injection of heparin. Four women
were unable to have epidural anesthesia secondary to prolon-
gation of the aPTT and one had a complicated delivery with a
significant postpartum bleed resulting in a decrease in hemo-
globin to 59 g/L. The mechanism responsible for this prolon-
gation of the aPTT is not clear but it is suggested that women
requiring subcutaneous heparin at the time of delivery should
have an elective induction of labour after heparin is discontin-
ued for 24 h (14,20,21). If there is high risk of acute pulmo-
nary embolism, the mother should be switched to intravenous
heparin and labour induced 6 h after the last heparin dose or
after reversing the anticoagulation judiciously with prota-
mine sulphate.

Heparin-induced osteoporosis: Long term heparin therapy
is associated with osteoporosis. In a number of studies, inves-
tigators have examined the effect of sustained heparin use on
bone density in pregnant women (22-26). There is a reduction
in bone density measured by plain x-rays of the spine and/or
hip (23,24) as well as by single/dual photon absorbtiometry
(22,25). However, the clinical relevance of the reports is diffi-
cult to determine because, in some studies, examination was
only done if the patient was symptomatic (23). Dahlman (23)
found four of 184 (2.2%) women developed osteoporotic
compression fractures of the lower thoracic or lumbar spine.
One patient had only been on heparin for seven weeks at
15,000 U/day. In other studies, the finding of decreased bone
density was without any clinically significant sequelae. There
are no long term follow-up studies to examine how these
women do beyond the three-year mark (23-25). It is encour-
aging to know, however, that repeat studies done six to 12
months after heparin therapy was stopped showed no sus-
tained differences in bone density when all cases enrolled in
the study were considered (22,24). In none of the studies was
there a demonstrable dose-response relationship between
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heparin dose or duration of treatment and the risk of develop-
ing radiographic osteoporosis (24,25).

MANAGEMENT OF PREGNANT WOMEN WITH
PREVIOUS THROMBOEMBOLISM

It is felt that women who have had a previous thromboem-
bolism, whether this be a DVT or a pulmonary embolism,
have a 5% to 12% risk of recurrence when pregnant (27,28).
Dahlman (23) recently reported a 2.7% recurrence rate of
thromboembolism on heparin prophylaxis (five of 184 preg-
nant women). However, three of these five women were sub-
sequently found to have hypercoagulable states with
protein C deficiency or anticardiolipin antibodies. The re-
maining two patients were on subtherapeutic doses for pro-
phylaxis. Consequently, prophylaxis is suggested for women
with previous thromboembolism during subsequent pregnan-
cies using between 5000 and 7500 U of heparin subcutane-
ously twice daily. Heparin levels can be monitored with the 3
h postsubcutaneous injection (peak level) . The aim should be
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