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Objective: We report the imaging outcomes of all

pregnant patients referred for suspected thromboembo-

lism over a 43-month period.

Methods: We identified 168 patients who underwent

ventilation/perfusion (VQ) single-photon emission CT

(SPECT), CT pulmonary angiography (CTPA) or a Doppler

ultrasound scan of the lower legs, as well as a control

group of 89 non-pregnant age- and sex-matched patients

who underwent VQ SPECT during the same period.

Imaging outcomes were recorded, and radiation doses

were calculated for individual patients.

Results: VQ SPECT and CTPA were equally likely to

diagnose pulmonary embolism (PE) in about one patient

out of every seven patients investigated. One in three

CTPA scans was of suboptimal quality. A Doppler

ultrasound examination of the legs will find deep venous

thrombosis much less often, in about 1 patient out of

every 15 patients investigated. The prevalence of PE in

pregnant patients (as diagnosed by VQ SPECT) was

similar to that in the non-pregnant, age- and sex-matched

control group. The effective dose and the absorbed

radiation dose to the maternal breast were lower with

VQ SPECT. The foetal dose is comparable for both VQ

SPECT and CTPA.

Conclusion: VQ SPECT and CTPA provide a similar

diagnostic yield for diagnosing PE during pregnancy,

but VQ SPECT does so with a lower radiation dose to the

mother (effective dose and breast dose).

Advances in knowledge: Ours is the first report of the

diagnostic performance of VQ SPECT, rather than

planar VQ scans, in pregnancy in a routine clinical

setting.

INTRODUCTION
Pulmonary embolism (PE) is a potentially life-threatening
condition that continues to pose a diagnostic challenge.1,2 The
incidence of PE in pregnancy is about fivefold higher than in
non-pregnant females of a similar age, and PE remains the
leading non-obstetric cause of death during pregnancy in de-
veloped countries.3 There is approximately 1 PE per 1000
pregnancies and 3 times as many deep venous thromboses
(DVTs),4 with the incidence being similar in all 3 trimesters.5 PE
may be identified or excluded by several diagnostic and clinical
tests. These include clinical scores (modified Wells’ score6),
plasma D-dimer measurement, CT pulmonary angiography
(CTPA) and ventilation/perfusion (VQ) scanning,7–9 although
the diagnostic performance of some of these, e.g. plasma D-
dimer10 and CTPA,11–15 is impaired during pregnancy.

Imaging of the three-dimensional distribution of a radio-
pharmaceutical in myocardial, bone and oncological im-
aging by single-photon emission CT (SPECT) is now well
established and has been used for lung imaging for some
time.16 The European Association of Nuclear Medicine

(EANM) have recently produced guidelines17,18 which have
led to a more extensive interest in its use. Whilst there have
been considerable studies on the diagnostic performance of
“traditional” planar VQ scans, most commonly by the
Prospective Investigation of Pulmonary Embolism Diag-
nosis (PIOPED) trials and their subsequent reanalyses,19–21

available data for VQ SPECT are inhomogeneous in terms
of the ventilation tracer used and the reporting criteria. VQ
SPECT was introduced into routine clinical practice in
November 2009, and we now present a cohort of all
pregnant patients who presented with suspected PE or
DVT from November 2009 to May 2013.

METHODS AND MATERIALS
Clinical pathway
Pregnant patients with suspected venous thromboembo-
lism (VTE) will have always been assessed by a physician
before being referred for any imaging test. If imaging is
considered necessary, a Doppler ultrasound examination of
the lower legs is performed first, as this is not associated
with a radiation exposure. If a DVT is found, treatment is
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commenced, and no further imaging is undertaken, on the as-
sumption that any chest symptoms are related to PE. Otherwise,
a history of significant lung or cardiac disease, a chest X-ray and
renal function are taken into account, when deciding whether to
refer the patient for a perfusion SPECT or CTPA to assess for PE.
VQ referrals are accepted between 9 am and 5 pm on weekdays
for a same-day scan; overnight and at weekends, the referrer
can either request CTPA or anticoagulate the patients until
their perfusion SPECT takes place. If perfusion defects are
found, the patient is recalled for ventilation SPECT, to assess
for mismatch the next day.

Patients
All patients who underwent perfusion SPECT, CTPA or Doppler
ultrasound of the lower legs between November 2009 and May
2013 were identified from our radiology database. We then
discarded reports not containing the words “pregnant” or
“pregnancy”. Reports not corresponding to a first presentation
with suspected VTE were also excluded. This left 168 patients
available for analysis with a mean age of 286 6 years (range
17–43 years). 16 (10%) patients were in the first trimester of
pregnancy, 45 (27%) patients in the second and 99 (59%)
patients in the third trimester. Gestational age was not recorded
for eight patients. A control group consisted of 89 non-pregnant
patients who underwent VQ SPECT during the same period,
matched for age and sex to the subgroup of 89 pregnant patients
who had perfusion SPECT. Ethics permission was not sought for
this retrospective analysis.

Single-photon emission CT
For the perfusion SPECT, 100MBq of 99mTc-macroaggregated
albumin (MAA) (Covidien, Dublin, Ireland) was injected in-
travenously. 99mTc-diethylenetriamine-pentaacetic acid (Covi-
dien, Dublin, Ireland) aerosol was used as a ventilation tracer for
the first seven patients included in this report until mid-August
2010. The aerosol was produced using a SmartVent™ system
(Diagnostic Imaging Ltd, Welford, UK) with a claimed mass
median aerodynamic diameter of 1–1.5mm. From mid-August
2010, the ventilation tracer 99mTc-Technegas (Cyclomedica
Europe Ltd, Dublin, Ireland) was used. Both delivery systems
were used according to manufacturer’s instructions, with a typ-
ical administered activity of 30–40MBq. The Millenium VG
double-head gamma camera (GE Healthcare, Chalfont St Giles,
UK) was most commonly used for scanning, but occasionally
a Siemens Symbia® (Siemens Medical Systems, Erlangen, Ger-
many) or GE Infinia camera (GE Healthcare) were used. All
cameras were equipped with low-energy high-resolution colli-
mators and were set up with an identical acquisition protocol,
which was as follows: energy window 1406 10%keV, matrix
1283 128, 360° rotation in 6° steps, acquisition time 24 s/step
(100-MBq perfusion scan) or 12 s/step (200MBq), 35 s/step
(ventilation) and zoom 1.283. Acquisition times were 13.5min
for the perfusion and 18.5min for the ventilation SPECT, in-
cluding the time needed for detector rotation in between steps.
Image reconstruction was performed using ReSPECT 2.5 (Scivis
GmbH, Göttingen, Germany). This uses an iterative algorithm
with scatter correction, resolution recovery and six iterations
with a varying number of subsets per iteration. Occasionally,
realignment of reconstructed ventilation and perfusion studies

was required. Corresponding sagittal, coronal and transverse
slices were displayed using Hybrid Viewer™ (Hermes Medical
Solutions AB, Stockholm, Sweden). Reporting criteria were
those first proposed by Bajc et al22 and subsequently in-
corporated into EANM guidelines.17,18

CT pulmonary angiography
Images were acquired using a Lightspeed® VCT XTe CT scanner
(GE Healthcare, Little Chalfont, Buckinghamshire, UK). For
each scan, a pulmonary angiogram protocol was used, with
automatic exposure-controlled milliampere (smart milliampere)
varying in the head-to-foot plane. Scans were undertaken at
either 120 kVp (until late 2012) or 100 kVp (from late 2012
onwards), with a helical pitch of 0.98 : 1 and 20-mm beam col-
limation. Comments on image quality by the original reporter
(general radiologists) were extracted from the report. All studies
were reanalysed by an experienced thoracic radiologist (RDR),
including the measurement of pulmonary arterial opacification. A
study was judged as having suboptimal contrast opacification, if
,211HU was achieved in the pulmonary trunk.23

Single-photon emission CT dosimetry
Effective doses from exposure to radiopharmaceuticals were
calculated using OLINDA.24 The gestational age was taken into
account for this. Biokinetic data were taken from the In-
ternational Commission of Radiological Protection publica-
tion 80.25

CT dosimetry
Foetal doses were calculated utilizing the methodology presented
by Winer-Muram et al,26 which requires knowledge of the
xiphoid-to-foetus distance (Equation (1)). This was not known,
as for CTPA examinations, the scan length falls short of the
uterus. Instead, the xiphoid-to-foetus distance was estimated
from the linear relationship found by Winer-Muram et al with
gestational age. Whilst this introduces further uncertainty in our
calculation, it better models foetal dose than a method that
assumes the same volume and position as a non-pregnant model
of the uterus (e.g. the ImPACT calculator). The data acquired
were used alongside the following equation which links the
mean foetal dose with the xiphoid-to-foetus distance per
100mAs for transverse scans:

Mean foetal dose ðmGyÞ5197×e2 0:127×xiphoid�to�foetus distance ðcmÞ

(1)

Winer-Muram et al modelled the mathematical phantom
(mother) used in the Monte Carlo simulation as a water-
equivalent ellipsoid with a mean eccentricity of 0.68 at the level
of the xiphoid process. The foetus was modelled by a water-
equivalent cylinder, dimensions and the xiphoid–foetus distance
determined by ultrasound measurements for all of the 23
pregnant patients at ultrasound-determined gestational age.

For our estimation of the absorbed dose to the breast and ma-
ternal effective dose, peak kilovoltage, scan range, average tube
current per rotation, rotation time, pitch and beam collimation
were taken from the digital imaging and communications in
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medicine header for each patient. These factors were entered
into the ImPACT Monte Carlo CT Dosimetry Calculator (v. 1.0
2009), to estimate the dose (milligray) to the breast as well as the
maternal effective dose (millisievert). Lifetime risk estimates for
breast cancer incidence and mortality resulting from an absorbed
dose of 0.1Gy to the female breast are available in biological
effects of ionising radiation (BEIR) VII Phase 2 report.27 These
factors were either directly used or linearly interpolated depend-
ing on patient age and scaled accordingly to the equivalent breast
doses found using the ImPACT CT Dosimetry calculator. Results
are given as a risk of breast cancer incidence per 100,000 persons.

Statistical analysis
This was performed with Prism® 6 (GraphPad Software Inc.,
La Jolla, CA).

RESULTS
Imaging pathway
The imaging pathway actually taken by our 168 patients (as
opposed to the agreed clinical pathway described in the first
paragraph of the Methods and Materials section above) is
shown in Figure 1. In summary, 60 (36%) patients had
a Doppler scan as their only investigation (51 of those had leg
symptoms), even though a DVT was identified in only 8 of
those patients. In 62 (37%) patients (only 12 of whom had leg
symptoms), a normal Doppler scan was followed by SPECT
(n5 51), CTPA (n5 7) or both (n5 4). 46 (27%) patients did
not have a Doppler scan prior to imaging with ionizing ra-
diation, but had SPECT (n5 34) or CTPA (n5 12) as their
only investigation. In the SPECT group, 67 (75%) patients had
a perfusion-only scan using 100MBq of 99mTc-MAA, 21
(24%) patients additionally required a ventilation scan on the
next working day and 1 patient had VQ SPECT on the same
day using 200MBq of 99mTc-MAA. Findings on the chest
X-ray were mostly in keeping with the intended imaging al-
gorithm, with the following exceptions: in the SPECT group,
there were three abnormal radiographs (showing consolida-
tion) and one patient did not have a chest X-ray; in the CTPA
group, three patients had a normal chest X-ray and presented
within normal working hours; three patients did not have
a chest X-ray.

Imaging outcomes
Abnormal findings were seen in 7% of Doppler scans, 12% of
SPECT and 17% of CTPA (Table 1); the difference between
SPECT and CTPA was not significant (Fisher’s test). Imaging
outcomes are summarized in Table 1. Comparison with an age-
and sex-matched control group of 89 patients who were not
pregnant shows no significant difference in the prevalence of PE
between pregnant and non-pregnant patients (x2 test). Eight
(35%) CTPA scans were graded as suboptimal by the original
reporter. On review, two patients clearly had suboptimal pul-
monary arterial enhancement (165 and 181HU, respectively)
(Figure 2), and a further two scans were borderline (210HU). Of
note, all of these four scans were performed at 120 kVp, as were
six of eight scans graded as suboptimal by the original reporter.

Comparison between VQ SPECT and CTPA
Only four patients had CTPA within 3 days of their SPECT.
CTPA did not demonstrate PE in one patient with normal
SPECT, one patient in whom SPECT had shown a singular
subsegmental mismatched perfusion defect (Figure 3) and one
patient in whom SPECT had shown PE (Figure 4). CTPA was
indeterminate in one patient in whom SPECT had shown PE.
Significant incidental findings (atelectasis, infection and axillary
nodes in a patient with a history of breast cancer) not seen on
the chest radiograph were noted in three (13%) CTPA scans.
Dosimetric data for SPECT and CTPA are given in Table 2.

DISCUSSION
Diagnostic performance
Only a small proportion of compression ultrasound studies are
positive; so, most patients will have to undergo further testing.3

In recognition of this, the 2011 guidelines of the American
Thoracic Society and the Society of Thoracic Radiology13 rec-
ommend bilateral venous compression ultrasound of the lower
extremities only in females presenting with signs and symptoms
of DVT, but recommend to proceed to imaging of the chest in all
other females.

There are a number of obstacles relating to physiological changes
during pregnancy which must be faced, in order to obtain
a good-quality CTPA study. An increase in blood volume and

Figure 1. Imaging pathway taken by 168 patients investigated for suspected venous thromboembolism (VTE). CTPA, CT pulmonary

angiography; DVT, deep venous thrombosis; NFI, no further imaging performed; PE, pulmonary embolism; Q scan, perfusion scan;

V scan, ventilation scan; VQ scan, ventilation/perfusion scan; * Suboptimal contrast opacification, but no evidence of central PE;

** singular subsegmental mismatched perfusion defect.
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cardiac output will shorten the arrival time of i.v. contrast in
the pulmonary vessels, necessitating adjustments in triggered
scan delays.14,28 Transient influx of unopacified blood from
the inferior vena cava has also been identified as a cause
for poor-quality CTPA scans during pregnancy.3,14 Conse-
quently, the American Thoracic Society/Society of Thoracic
Radiology guidelines recommend using CTPA only in females
with no signs or symptoms of DVT and an abnormal chest
X-ray.13

Results of previously published studies looking at imaging of
VTE during pregnancy are summarized and compared with our
study in Table 3. Shahir et al29 and Revel et al30 conclude equal
diagnostic performance, although it has subsequently been
questioned whether the methodology of the study by Shahir et al
was sufficient to reach this conclusion.31 Ridge et al14 found
perfusion scans more reliable.

Ridge et al14 found that 36% of CTPA scans in their pregnant
group (n5 28) were non-diagnostic, which was significantly
higher than 2.1% seen in a non-pregnant control group
(n5 1420). U-King-Im et al15 report similar results, with 29%
inadequate opacification in 264 CTPA scans during pregnancy,
compared with 13% inadequate opacification in 122 scans in
a non-pregnant control group. Similarly, Cahill et al12 found
CTPA scans (17% of 108 scans) to be non-diagnostic signifi-
cantly more often than VQ scans (13% of 196 scans). Bourjeily
et al11 reported that 20% of 340 CTPA scans were of technically
limited quality and 0.9% scans were non-diagnostic.

Dosimetry
The average maternal effective and breast doses were higher with
CTPA than with VQ SPECT, whereas the foetal dose was com-
parable. Revel et al30 obtained a mean effective dose of 7.3mSv
with a 64-slice CT scanner. Ridge et al28 were able to decrease the
mean effective dose from 5.6 to 4.8mSv, by using a pregnancy-
adapted imaging protocol. The use of effective dose for assessing
the exposure of patients has severe limitations that must be
considered when quantifying medical exposure. The use of the
ImPACT CT Dosimetry calculator is based on a mathematical
reference phantom and does not accurately model doses to in-
dividual patients. It is likely that organ and effective doses will be
overestimated when applied to larger patients. Perisinakis et al32

describe the significance of body mass index and gestational age
on effective dose. The relevant quantity for planning the expo-
sure of patients and risk–benefit assessments is the equivalent
dose or the absorbed dose to irradiated tissues.33 Readers may
wish to refer to a general discussion on the typical errors as-
sociated with the application of effective dose to medical
exposures,34 which reports a relative uncertainty of about640%
for a reference patient and still higher for this study, where we
have attempted to report the dose to individuals. Similar limi-
tations apply to dose calculations for radiopharmaceuticals.
With knowledge of such errors, we should be able to conclude
that maternal effective doses are generally higher with CTPA,
except for some smaller patients whose effective doses will be
similar to VQ. When comparing the foetal dose for VQ and
CTPA, with an understanding of the errors in each calculation,
all we should conclude is that foetal doses are low and

Table 1. Imaging outcomes

Diagnostic test No PE or DVT No central PEa PE or DVT 1 pointb Non-diagnostic

SPECT (n5 89) 77 – 11 1 –

CTPA (n5 23) 11 7 4 1

Doppler (n5 122) 114 – 8 –

SPECT (control group, n5 89) 75 – 11 3 –

CTPA, CT pulmonary angiography; DVT, deep venous thrombosis; PE, pulmonary embolism; SPECT, single-photon emission CT.
aSuboptimal contrast enhancement of subsegmental pulmonary vessels.
bSingular subsegmental mismatched perfusion defect.

Figure 2. A 28-year-old female who was 11 weeks pregnant presented with a sudden onset of right-sided pleuritic chest pain and

shortness of breath. She had a history of pulmonary embolism (PE) 6 years ago, but ventilation/perfusion scans 18 and 8 months ago

were normal (not shown). She had a normal chest X-ray (not shown). Suboptimal contrast opacification was achieved at CT pulmonary

angiography (165HU in the main pulmonary artery), but no PE was seen. (a) Transverse view; (b) maximum intensity projection.
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comparable (provided the primary CT radiation field does not
directly irradiate the foetus). The use of a lead apron/shield to
cover the abdomen during CTPA has been shown to moderately
reduce the leakage and scattered radiation to the uterus from the
CT collimators.33 We found that maternal breast dose is gen-
erally higher for CTPA than for VQ, but organ-based tube
current modulation has been shown to reduce this.35 Further
opportunities to reduce CTPA radiation doses include the use of
statistical and model-based iterative reconstruction techniques,36

reducing the tube voltage, as we have already performed from
120 to 100 kVp,37 increasing the pitch to above 1 and decreasing
the scan volume. Lowering the peak kilovoltage has the addi-
tional advantage of increasing the contrast attenuation within
the pulmonary arteries, as the average X-ray energy approaches
the k-edge of iodine (33 keV). This has the effect of maintaining
the contrast-to-noise ratio, despite the increase in image noise
consequent upon quantum mottle owing to reduced photon
transmission.38,39 Scope for lowering the radiation dose from

Figure 3. A 30-year-old female who was 15 weeks pregnant presented with a sudden onset of pleuritic chest and back pain, a cough

and small amounts of haemoptysis. She had a normal chest X-ray at presentation and a normal Doppler scan of the lower legs 3 days

later (not shown). A lung perfusion single-photon emission CT (SPECT) was performed the same day (b), and the patient was

recalled for a ventilation SPECT the following day (a). This showed a singular subsegmental mismatched perfusion defect at the left

base (arrows) and the scan was reported as indeterminate. The same day, CT pulmonary angiography (c) achieved good contrast

opacification (378HU in the main pulmonary artery), but no pulmonary embolism was seen, although there was ill-defined

nodularity and patchy ground-glass opacification in the superior and posterior segments of the left lower lobe in keeping with

infection.
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VQ SPECT is more limited, but options that could be explored
include a more coarse matrix (643 64 as suggested in the
EANM guidelines,18 as opposed to 1283 128 as used in this
study) and the use of medium-energy collimators with
resolution-recovery software for SPECT reconstruction. Both
of these options may allow a reduction in the administered
activity.

KEY FINDINGS AND CONCLUSION
• VQ SPECT and CTPA were equally likely to diagnose PE in
about one patient out of every seven patients investigated.

• A Doppler ultrasound examination of the legs will find DVT
much less often, in about 1 patient out of every 15
investigated.

• One in three CTPA scans was of suboptimal quality.

Figure 4. A 26-year-old female who was 38 weeks pregnant presented with a 1-day history of right upper pleuritic back pain and some

shortness of breath. She had a normal chest X-ray at presentation and a normal Doppler scan of the lower legs on the following day (not

shown). The patient received anticoagulation with clexane; a lung perfusion single-photon emission CT (SPECT) was performed another

day later (c, e, g, ventilation images; d, f, h, perfusion images), and shewas recalled for a ventilation SPECT the following day. This showed

two or possibly three subsegmental mismatched perfusion defects in the left lung (arrows) (a, transverse view; b, maximum intensity

projection) in keeping with pulmonary embolism (PE). CT pulmonary angiography another 2 days later achieved good contrast

opacification (375HU in the main pulmonary artery), but no PE was seen.

Table 2. Average (minimum–maximum) radiation doses associated with single-photon emission CT (SPECT) and CT pulmonary
angiography (CTPA)

Dose
SPECT (n5 89)

CTPA (n5 23)
Q (n5 89) V (n5 13) Q1V (n5 89)

Maternal effective dose (mSv) 1.4 (0.7–2.8) 0.82 1.6 (0.70–3.6) 7.8 (2–18)

Maternal breast dosea (mSv) 0.49 (0.24–1.0) 0.29 0.56 (0.24–1.3) 20 (4–50)

Foetal dosea (mSv) 71 (33–130) 22 77 (33–150) 110 (3.7–380)

Q, perfusion; V, ventilation.
aEquivalent dose.
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• The likelihood of detecting PE by VQ SPECT in pregnant

patients was similar to that in a non-pregnant, age- and sex-

matched control group.

• The effective dose and the radiation dose to the maternal

breast were lower with VQ SPECT. The foetal dose is com-

parable for both VQ SPECT and CTPA.

We conclude that VQ SPECT and CTPA provide a similar di-
agnostic yield for diagnosing PE during pregnancy, but VQ
SPECT does so in general with a lower radiation dose for the
scanning protocols described.
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8. Grüning T, Drake BE, Farrell SL, Nokes T.

Three-year clinical experience with VQ

SPECT for diagnosing pulmonary embolism:

diagnostic performance. Clin Imaging 2014;

38: 831–5. doi: http://dx.doi.org/10.1016/j.

clinimag.2014.04.003
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