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ABSTRACT

INTRODUCTION

AIM: To experimentally simulate a late stage fetus, to measure fetal
irradiation dose and to estimate associated childhood cancer risk
resulting from an emergency thorax-abdominopelvic CT imaging for
a pregnant patient with suspected aortic dissection.
METHODS: To simulate the fetal body, a physics CTDI cylindrical
phantom was placed onto the abdomen of a standard female
humanoid phantom. Layers of beeswax were used to make the
phantom maternal dimension similar to that of the pregnant patient. A
10 cm pencil chamber was used to measure the dose at each quadrant
location and at the center of the CTDI phantom and the fetal dose
was obtained by averaging these measured doses. Stochastic effect of
childhood cancer risk induction (0.4% per 10 mGy irradiation) was
estimated to provide a reference value to monitor the growth of the
newborn child.
RESULTS: The fetal dose was measured as 20 mGy for a single
acquisition according to the patient scanning protocol. Since the
patient had both pre- and post-contrast CT acquisition, the total
fetal dose was therefore 40 mGy. The lifetime risk of developing
childhood cancer was estimated as 1.6%.
CONCLUSION: By using readily available equipment in a
radiology department, fetal simulation and then dose measurements
can be efficiently performed with the moulding technique. Results
obtained are useful as reference value to monitor the growth of the
newborn.

Pregnant patients may experience non-obstetrical emergencies over
the course of pregnancy, and CT remains essential in the emergent
setting for pregnant population[1]. For pregnant women undergoing
abdominopelvic CT, the concern of consequent cancer risk is
particularly relevant because the fetus, with a greater sensitivity to
radiation than the mother, is also directly exposed to radiation[1-3].
Most published estimates of fetal dose from radiological
examinations have relied on Monte Carlo computation [3] or on
measurements with thermoluminescent dosimeters for specific
clinical application[4] that requires special facility and expertise[5].
We report a simple fetal simulation technique to perform fetal dose
measurements for a clinical case of a 38 year old previously healthy
pregnant woman who was referred to our institution at 36 weeks
gestation for acute chest pain. Investigations were immediately
performed to ascertain the cause of the patient’s pain. Troponin I was
increased to 1.12. ECG showed T-wave inversion in leads III and avF.
Urgent bedside echocardiogram showed suspected aortic dissection.
CT imaging was requested to confirm the echocardiogram findings
and to delineate the extent of dissection. Referring clinicians would
then decide their therapeutic decision, whether to treat with medical
or surgical means, based on the level of dissection from the CT
findings. General knowledge of risks and benefits due to the radiation
dose delivered to the fetus was informed to the patient. Fetal dose
from a single acquisition abdominopelvic CT study has been reported
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to have an average of 25 mGy[1]. An urgent CT scan of thoraxabdominopelvis was then performed and a Type A aortic dissection
extending from the dilated aortic root down to the bifurcation was
verified. The patient underwent emergency Caesarean section,
Bentall operation and ascending aortic interposition graft repair. The
child was delivered successfully with normal Apgar scores and the
mother was recovered uneventfully. The child has been growing
well with normal parameters. Retrospective fetal irradiation dose
was measured with the use of phantom and estimated associated
risks were estimated as information to the mother and as reference to
monitor the growth of the newborn child.

Figure 1 Diagram showing equipment used to simulate the fetus and
to measure the fetal dose. The CTDI phantom was used to simulate the
fetus with the 10 cm pencil chamber inserted into the CTDI phantom to
measure the irradiation dose. Layers of beeswax were then pasted onto
the humanoid abdominal region to simulate the maternal curvature.

METHOD
A standard reference female humanoid of weight 70 kg (The
Phantom Laboratory, New York, USA) was used as the mother in this
retrospective measurement study. To simulate a fetus of gestational
age of 36 weeks, we used a cylindrical phantom (a CTDI head
phantom commonly used for CT quality control work) of weight
about 3 kg to mimic the fetal body. The CTDI cylinder was then
embedded onto the humanoid abdominal region to closely match
with the patient’s maternal parameters. Layers of tissue-equivalent
beeswax (available from most radiation oncology department
moulding laboratory) were moulded around the humanoid abdominal
region to simulate the maternal dimensions (Figure 1). The finished
dimensions were: maternal curvature 42 cm, maternal anteroposterior
thickness 34 cm, total maternal weight 79 kg, all of which were
comparable to reported late stage gestation dimensions[6].
The simulated fetal body had a series of holes of length 10 cm
with each hole located at each quadrant position and at the center
of the CTDI phantom. A calibrated 10 cm pencil chamber was then
inserted into each hole for dose measurement using the patient
irradiation CT protocol. By averaging the doses measured at these
five positions, the average irradiated dose to the simulated fetal body
was obtained.
Figure 2 shows the patient CT scout image (Toshiba Aquilion 320
rows CT, Otawara, Japan). CT parameters were 120 kVp, automatic
mA with manually adjusted tube current within the fetal region[7].
The same CT beam parameters were used to irradiate the simulated
pregnant humanoid. For exposure to a newborn, the lifetime
attributable risk of childhood cancer induction was estimated with
0.4% per 10 mGy irradiation to the fetus[8].

Figure 2 Scout image of the pregnant patient indicating the CT scanning
range. The same CT scanning parameters and scanning range were used
for humanoid irradiation.

RESULTS
The pregnant patient had undergone 2 identical thoraxabdominopelvis CT sets, namely pre-contrast CT scan for intramural
hematoma and post-contrast CT for dissection. Figure 3 shows
the image of the post-contrast CT examination, demonstrating
the extensive dissection flap from dilated aortic root down to the
bifurcation and the direct CT exposure to the fetus. The average dose
delivered to the fetus was measured as 20 mGy for a single thoraxabdominopelvic CT acquisition. Therefore, the total irradiation CT
dose to the fetus was 40 mGy because pre- and post-contrast scans
were used.
The lifetime attributable risk of childhood cancer induction was
estimated as 1.6% due to the CT irradiation.

Figure 3 CT image of
the pregnant patient
shows that dissection
flap was observed from
the dilated aortic root
down to the bifurcation.
The proximal part was
close to the aortic valve.
The fetus was directly
exposed.

DISCUSSION
Osei and Darko recently presented a multi-national study in
that average fetal absorbed doses for pelvis and abdomen under
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CT irradiation were 10.6 mGy (range: 1.3-17 mGy) and 2 mGy
(range: 1.0-3.7 mGy) respectively without details in gestational
age[9]. Goldberg-Stein et al retrospectively analyzed data from a
7-years database and identified 86 pregnant patients from 180,000
abdominopelvic examinations[2]. Based on each identified pregnant
patient CT parameters, the authors used Monte Carlo technique
applied to a mathematical phantom which was not specifically
designed for pregnant woman in order to calculate the fetal absorbed
dose. Nevertheless, it was reported an average fetal dose of 24.8
mGy (range: 6.7-56 mGy) for those identified pregnant patients who
had undergone a single acquisition abdominopelvis CT examination.
Lazarus et al also reported a mean fetal dose of 17 mGy (range:
8-44 mGy) from a review of 10 years database[10]. Our result of
20 mGy per thorax-abdominopelvis CT acquisition was in good
accord with multi-national survey and with large database reviews
for abdominopelvic CT scan. It should be noted that our dose
measurement referred to thorax-abodminopelvic region that would
result in a slight increase in fetal absorbed dose when compared with
that from an abdominopelvic scan due to increase in internal scatter
dose from the thorax region irradiation.
The fetal irradiated dose of 40 mGy, as resulted from the
emergency CT to diagnose the patient’s aortic dissection, was
measured to be well below the safety limit of 100 mGy. Lethal
effects will be very infrequent for doses under 100 mGy and birth
malformation fetal exposure well below 100 mGy is not expected[11].
Therefore, we would not expect any birth defects to the newborn.
Stochastic effect of childhood cancer risk induction (0.4% per 10
mGy irradiation) was the main concern [8]. Exposure of 40 mGy
increases the lifetime risk of developing cancer to the newborn
child by 1.6%. In other words, there is a better than 98% likelihood
that the child will be unaffected by the irradiation. The cancer risk
is low of the order <2% for emergency CT scan through thoraxabdominopelvis region, indicating that such high dose examination
may be performed on pregnant patients who have medically
necessary indication. The radiologist performing the emergency
CT must be aware of any prior radiological examinations in the
abdominopelvis region to the pregnant patient in order to have an
updated risk and benefit consideration.
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By using readily available equipment in a radiology department, fetal
simulation and then dose measurements can be efficiently performed
with moulding technique. Such simulation and measurement are
efficient in simulating various clinical applications. In the future,
fetal dose can be prepared as a look-up table according to gestational
age and for common maternal dimensions as a preparedness to cope
with the increasing trend of emergency presentations in the pregnant
patient population[10]. One also has to consider if the mother has had
any high dose radiological examinations prior to the emergency CT
to provide an update in risk and benefit analysis as information to the
pregnant patient.
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