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ORIGINAL ARTICLE

Stanford M. Goldman

Overview of emergency radiological management of the pregnant patient,
especially the traumatized pregnant patient

Abstract Both traumatic and nontraumatic acute
emergencies are seen in hospitals in women of child-
bearing age. The effects of radiation are theoretically
most deleterious from 10 days after conception until
roughly the end of the first trimester. However, there
should be no hesitation about performing appropriate
emergency imaging studies at any time during pregnan-
cy. If time permits, the presence and age of the fetus
should be determined through physical examination,
appropriate laboratory studies, and the obtaining of ad-
equate medical historical information. Imaging studies
can be roughly classified into two main categories, those
with minimal radiation effect and those that may expose
the fetus to significant potential ionizing energy. The ra-
diologist must be responsible for the determination of
the most appropriate studies needed and in what se-
quence. Traumatized pregnant patients especially re-
quire maternal and fetal monitoring prior to arrival at
the hospital and throughout the hospital stay. Fetal de-
mise is a significant risk in case of both minor and major
trauma. Maternal survival is the most significant factor
in fetal well-being, with a fetal death approaching 80 %
in cases of maternal shock and almost 100% where
there is partial or complete abruptio placentae. Proper-
ly performed imaging of the pregnant female, where
the uterus is not likely to be exposed to ionizing radia-
tion, should be cause little concern. Depending on the
clinical presentation, appropriate first images might in-
clude a cervical spine, a portable chest film, an abdomi-
nal film, and a lateral decubitus view to check for sus-
pected bowel perforation. This should be rapidly fol-
lowed by fetal and then maternal ultrasonography.
Opverall, CT may be the best single abdominal study for
severe abdominal problems where multiple organ dam-
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age is suspected. MRI for neurological disease and care-
fully monitored of selective vascular embolization for
life-threatening abdominal bleeding are other impor-
tant legitimate imaging studies.
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Introduction

Trauma is the leading nonobstetrical cause of maternal
mortality during pregnancy (up to 22% of deaths) [1,
2]. It should be recognized that an accidental injury oc-
curs in the course of 67 % of all pregnancies, with the
highest frequency during the last trimester [2, 3]. In
two out of three cases the mechanism of injury is an au-
tomobile accident. Physical abuse is the second most
common cause of trauma [4].

Studies have demonstrated that 0.3-0.4% of trau-
matized pregnant women need hospitalization [3]
and that 24 % of pregnant females with major injuries
fail to survive their injuries [5]. Shock, skull fractures,
cerebral contusion, intracerebral hemorrhage (Fig.1),
spinal column fracture (Fig.2) or injury, chest injuries
(Fig.3) needing a thoracotomy or tube thoracostomy,
abdominal visceral or genitourinary injury requiring
surgery, and pelvic fracture (Fig.4) are among the
most serious injuries seen. Actual uterine rupture
(0.6%) is almost always secondary to major trauma,
with fetal demise approaching 100% [2, 6]. A few
survivors have been reported when surgery is per-
formed immediately.

The radiological management of any woman of child-
bearing age being seen for an acute medical emergency
must take into consideration the benefits of imaging in
relation to the potential risks to a conceptus. We review
here the general principles of how to develop the radio-
logical workup of these patients, with special consider-
ation to the traumatized patient. The importance of pre-



Fig.1a,b A 16-year-old comatose female patient after a motor ve-
hicle accident. On arrival at the emergency room, there was no ev-
idence of fetal viability of a 24-week pregnancy. CT of the head
shows scattered bilateral frontal and parietal intracerebral bleeds.
The patient also sustained right subcapsular and perirenal and left
pararenal hematomas. There was intraperitoneal hemorrhage and
pulmonary edema. Within 24 h, a spontaneous abortion occurred.
Maternal demise occurred 8 days after admission

hospital management of the gravid patient, as well as
the methods for providing for the welfare of her and
her conceptus upon their arrival at the hospital and
throughout their hospital stay, are discussed. Potential
risks associated with fetal irradiation are also consid-
ered.
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Initial considerations

While information on the reproductive status of any fe-
male patient is routinely acquired as part of her medical
evaluation, such information is not needed before carry-
ing out X-ray or CT evaluation of areas outside the ab-
domen and hips, as long as no direct irradiation of the
conceptus is involved (Fig.3). Such studies result in in-
significant levels of radiation to the conceptus and may
be performed without concern. Care should be taken to
use proper collimation and to avoid inadvertent direct
irradiation of the abdomen. The International Commis-
sion on Radiological Protection (ICRP) supports this
concept [7]:

“When radiography of areas remote from the foetus is
needed, such as, for example, the chest, skull or hand,
these can be done safely at any time during pregnancy
if proper collimation is used and if the equipment is
properly shielded.”

Radionuclide studies may directly irradiate the concep-
tus even though the organ system evaluated is remote
from the conceptus. For example, in a lung perfusion
study most of the *™Tc-macroaggregate albumin
(MAA) is trapped in the lungs, but some will break
down and recirculate, resulting in some direct irradia-
tion to the conceptus. In a ventilation study of the
lungs, xenon delivered through the airways will not
pass into the blood to any significant extent, and so
there will be less irradiation of the conceptus when
this isotope is used. Even so, the dose to an early con-
ceptus from these studies is not considerably greater
than that from a CT study of the lung. The preferred
study will depend primarily on the clinical circumstanc-
es (cooperation of the patient, gestation age, availabili-
ty, etc.).

The evaluation of the reproductive status in women
of childbearing age (defined as from the ages of 12 to
50 years) presenting with emergent abdominal symp-
toms is essential for radiological workup. The extent of
the evaluation will depend on the patient’s condition.
In life-saving situations with a noncommunicative pa-
tient, a brief inquiry of a friend or relative as to whether
the patient is known to be pregnant can be helpful. If
she is pregnant, the radiologist will then know to avoid
direct irradiation of the uterus, if possible. This knowl-
edge may also aid in the interpretation of some radio-
graphic findings (e. g. enlarged uterus).

In less serious circumstances, the X-ray request form
should contain the date of the last menstrual period and
the patient’s response to the question, “Have you any
reason to believe you might be pregnant?” Responsibil-
ity for obtaining this information can be assigned to the
X-ray technologist, nurse, etc., as appropriate. However,
in any given case the radiologist must determine wheth-
er the information is adequate. One should be especially
sensitive to the minor who needs X-rays. It may be nec-
essary to obtain information from these young patients
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Fig.2a,b A 36-year-old woman
in a rollover motor vehicle ac-
cident, 30-week pregnancy con-
firmed on nuclear medicine
scan. CT of the cervical spine
demonstrates a lateral mass
fracture. The fetus was stable
and the patient was ultimately
transferred to another hospital
after stabilization of her neck
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Fig.3 A 32-year-old woman
with 20-week-old fetus. Imme-
diate chest film showed subcu-
taneous emphysema and a
small right apical pneumotho-
rax. The fetus was initially via-
ble but a spontaneous abortion
occurred the next day

without the presence of their guardian (but with a fe-
male chaperone), since a minor may be reluctant to dis-
close that they are (or may be) pregnant.

If the patient’s menstrual period occurred within the
previous 4 weeks and there are no other indications
that she is pregnant, radiological examination may pro-
ceed. It is important to be aware of the fact that the
ICRP has developed a useful guideline that states the
following [8, 9, 10]:

“During the first 10 days following the onset of a
menstrual period, there can be no risk to any concep-
tus, since no conception will have occurred. The risk
to a child who had previously been irradiated in utero
during the remainder of a 4-week period following
the onset of menstruation is likely to be so small
that there need be no special limitation on exposures
required within these 4 weeks.”

— “...exposure of the embryo in the first 3 weeks fol-
lowing conception is not likely to result in determin-
istic or stochastic effects in the liveborn child. A
pregnant patient is likely to know, or at least suspect,
that she is pregnant after one missed menstruation,
so the necessary information on possible pregnancy
can, and should, be obtained from the patient herself.
If the most recent menstruation has been missed, and
there is no other relevant information, the woman
should be assumed to be pregnant.”

If the resultant responses suggest that the patient could
be pregnant, the radiologist must be notified and should
consider the following [11]:

1. Could the patient’s symptoms be the result of preg-
nancy?
2. Should a f-HCG serum test be ordered?



Fig.4 Pelvic film of a 36-year-
old in a motor vehicle accident
with extended extraction from
the automobile. On arrival at
the hospital, the patient was
undergoing an incomplete
abortion with a retained pla-
centa. Radiation to the fetus,
therefore, was not of concern.
Films show a fracture of the left
femur and extensive foreign
bodies overlying the pelvis
from abrasions obtained at the
time of the accident. The pa-
tient also sustained a fracture of
the humerus, bilateral radial
and ulnar fractures, a right pa-
tellar fracture, a scaphoid dis-
location, and fractured maxil-
lary sinus

3. How necessary is this procedure, taking into account
the potential health consequences of not doing the
study?

4. If the study is delayed, is it likely that it may become
necessary later in the pregnancy when the conceptus
may be at greater or lesser risk for radiation effects?
(Different gestation ages are associated with differ-
ent levels of concern, and delay may raise or reduce
risks later.)

In the appropriate evaluation of acute healthcare prob-
lemsin any female of childbearing age there are two gold-
en rules for proper radiological management [11, 12]:

Golden rule 1: “When a woman requires an emergency
radiological examination there should be no hesitation
to do the study.”

Golden rule 2: “If the study . . . indicated . . . requires
direct exposure to the conceptus and there are no diag-
nostic alternatives, the radiologist should proceed and
not hesitate to complete the procedure properly.”

The ICRP [7] has issued a similar statement of guidance.

Trauma to the mother potentially affects the concep-
tus to a greater extent whether the trauma involves the
abdomen or not. The following statements about the fe-
tus in the maternal trauma must be considered:

1. The major cause of fetal death is the death of the
mother [5].

2. The fetal death rate approaches 80 % in cases of ma-
ternal shock [13].

3. Complete or incomplete separation of the placenta is
amajor cause of fetal death (6-66 % and 30-80 %, re-
spectively) [2].
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It is important to stress that fetal death can occur with
either minor or major trauma without any apparent
correlation [2]. Thus, even such minor injuries as a
small slip or fall can lead to fetal demise, usually due
to incomplete or complete placental separation. To en-
hance fetal survival, therefore, pregnant females who
have suffered even minor trauma must undergo some
form of fetal monitoring, probably including fetal ul-
trasonography, for a period of time in the emergency
room.

Prehospital management of the traumatized pregnant
female

It is essential to transfer the pregnant patient to a trau-
ma center with facilities for monitoring both mother
and fetus. This is true even where injuries are only mi-
nor and even if the trauma seems to have affected only
areas outside of the abdomen. While in transit the
mother should be given oxygen. One must follow the
“ABC” rules for monitoring the fetus (A airway, B
breathing, C circulation) and keep the mother in the
left lateral decubitus position to prevent blockage of
venous return through the inferior vena cava. The re-
ceiving hospital should be continually updated with
mother/fetus data via telemetry, and the appropriate
hospital staff should be assembled, which variously
will include a neonatologist, a perinatologist, a trauma
surgeon, a sonographer, a staff radiologist, and possibly
an angiographer (in cases of pelvic fracture, bleeding,
etc.).
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Management upon arrival at the hospital

When signs and symptoms of an acute abdomen are
found, the patient must be immediately assessed for
acute surgical emergency. Maternal hypotension is espe-
cially worrisome since this also affects the fetus. Liver
and spleen lacerations occur closer to term because of
compression by the rib cage [13]. Bladder trauma be-
comes more significant from 12 weeks after conception
due to displacement of the bladder by the uterus. As
gestational age progresses, bleeding secondary to in-
creased uterine flow and pelvic/venous engorgement
are additional concerns [6].

Since fetal demise can occur in cases of both major
and minor trauma, the pregnant female should be mon-
itored in the emergency room for at least a few hours
after even minor trauma. With major trauma, the pa-
tient should be hospitalized and monitored for at least
24 h [13, 14, 15]. Upon arrival, the mother should first
be stabilized. A pertinent prenatal history should be
obtained [2], including information as to whether the
mother has currently noted fetal motion. Pertinent ini-
tial films might include a portable chest film (Fig.3),
an abdominal film, and a lateral cervical spine film. If
a perforated viscus is suspected, a left lateral decubitus
image of the abdomen should be obtained. Careful col-
limation and pelvic shielding should be used whenever
possible. The fetus should then be evaluated with ultra-
sound to look for motion, breathing, heart rate, and
abruptio placentae [16, 17] (Figs. 5, 6). If these are un-
remarkable, the same ultrasound unit can be used to
rapidly screen the maternal liver, kidney, and spleen
for injury. Doppler should be used to check for peri-
toneal fluid and look for maternal renal blood flow.
CT has been suggested as the next rapid technique, es-
pecially if readily available in the emergency room
[18].

In the benefit/risk analysis of diagnostic radiation ex-
posure, the following should be considered [11, 19]:

1. In all stages of pregnancy there is, at best, only a
slight possibility of induced carcinogenesis (e.g.,
roughly 0.2-0.8% for a pelvic CT delivering a
50 mGy dose to the conceptus) [20].

2. There is a slight possibility of fetal demise during the
first 2 weeks after conception secondary to diagnos-
tic radiation exposure, but with a risk of less than
1.0% [21].

3. There is a potential risk of small head size with expo-
sure 2-15 weeks after conception, but intellectual
damage has not been demonstrated for the 8 weeks
after conception. Furthermore, the degree of the de-
creased head size is not easily recognized, except in
population studies [22].

4. The risk of malformation exists for weeks 2-15 after
conception, but with diagnostic radiology it appears
to be very small because it probably has a threshold
of more than 100 mGy [11]. Properly performed ra-
diological studies expose the conceptus to only low-

Fig.5 A 2l-year-old pregnant woman in early pregnancy with in-
terventricular hemorrhage. Pulsed Doppler shows a viable fetus

Fig.6 A 36-year-old woman who sustained an acetabular fracture.
Fetal ultrasonography showed a viable fetus with a heart rate of
130-beats/min

dose radiation. Typically, diagnostic plain films ex-
pose the conceptus of a pregnant female to less than
10 mGy [11].

5. The principal concern is when multiple higher-dose
examinations involving the uterus (CT, angiography,
etc.) are required. Typical abdominal studies and ab-
dominal fluoroscopy lead to doses of about
1-50 mGy [11].

6. Information as to doses given in angiography, the use
of coned-down techniques, and careful attention to
minimizing fluoroscopy time are all necessary to
keep below the threshold of concern ( < 50 mGy).



7. CT, when properly performed using modern equip-
ment, should be reasonably safe. Pelvic CT usually
results in an exposure of 20-50 mGy. Doses for typi-
cal protocols should be evaluated periodically to es-
tablish doses from particular scanners. For example,
doses from multislice helical techniques may be quite
different from those of conventional step-and-scan
techniques. The dose from CT becomes a more im-
portant issue when multiple passes through the con-
ceptus are involved.

8. Careful consideration should be made as to possible
alternative imaging techniques, or appropriate modi-
fications of the already selected study should be
made to lessen the fetal radiation dose.

9. The effect of contrast agents on the fetus is unknown,
but no harm has been demonstrated in rats or rabbits.

Monitoring radiation exposure to the conceptus is an es-
sential element of patient care. As a minimum, the tech-
nique factors of radiological evaluation (kVp, mAs, flu-
oroscopy on-time, machine identification, etc.) should
be recorded. A thermoluminescent dosimeter, if avail-
able, or a personal radiation monitor in some cases,
will provide a direct reading of the radiation exposure.

Follow-up after initial emergency room workup

If the mother leaves the emergency room, appropriate
personnel must accompany her to other areas (e.g., X-
ray, etc.). She should be monitored at all times. The
mother should be kept in the left decubitus position dur-
ing the third trimester to prevent vena caval obstruction
[2]. If fetal bradycardia develops (heart rate < 110 min),
an immediate cesarean section should be performed [2].

In determining what diagnostic tests to perform and
when, the following should be considered [12]:

1. Diagnostic peritoneal lavage has a high sensitivity for
hemoperitoneum, but is not organ-specific.

2. CT is an excellent rapid screening test if it is readily
available. It is also more sensitive in diagnosing inju-
ries affecting certain organs (i.e., liver, pancreas;
Fig.7). A recent study by Lowdermilk et al. [18] sug-
gests that poor perfusion of the placenta on spiral
CT may prognosticate poor fetal outcome (Fig.8).

3. Ultrasound can be used if there are appropriate per-
sonnel present and for select problems, e. g., presence
of peritoneal fluid or a rapidly deteriorating clinical
situation. However, its sensitivity for some injuries
(pancreas, kidney) is significantly less than that of
CT.

4. MRI, if available and the patient is reasonably stable,
is an excellent modality, especially for suspected neu-
ral injuries in the mother.

5. Angiography may be needed for active bleeding and
embolization in life-threatening situations. The most
skilled operator using as little fluoroscopy as is safely
possible should perform this test.
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Fig.7 A 24-year-old woman in a motor vehicle accident. CT
showed a non-life-threatening liver laceration (arrowhead)
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Fig.8 A pregnant woman in a high-speed motor vehicle accident.
CT through the placenta showed significant hypodensity to the lat-
eral aspect of the placenta (arrowheads). This lack of perfusion to a
significant portion of the placenta may portend a poor fetal prog-
nosis. A nonviable fetus was delivered 3 days after injury

In cases of upper quadrant and mid-abdomen injury, ul-
trasound or MRI might be the first modalities consid-
ered, due to their nonionizing nature. However, the
role of MRI in this setting has not been well investigat-
ed, and motion compromises its utility. If MRI is em-
ployed, Shellock and Kanal recommend that contrast
should be avoided [23]. For conventional CT of the up-
per abdomen, we suggest 10-mm cuts after administra-
tion of oral and intravenous contrast [12]. If helical CT
is available, we recommend a pitch of 1.0 and a 7-mm
beam width. In appropriate cases, a higher pitch of 1.5
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Fig.9 A 32-year-old pregnant woman with hematuria and pubic
rami fractures after a motor vehicle accident. A single film cysto-
gram showed no bladder injury. A 3-week-old, initially viable fetus
was aborted 1 day later

or 2 can be used. For CT of the mid abdomen in early
pregnancy, when the conceptus will not be directly irra-
diated, we suggest either nephrographic or corticomed-
ullary phase filming followed by delayed imaging to ex-
clude active bleeding. For later stages of pregnancy, we
suggest late phase imaging only with the same tech-
nique. Pelvic evaluation is done for investigation of
peritoneal fluid or skeletal injuries. If CT of the pelvis
is required, we suggest 7-mm cuts at a pitch of 1.5-1.8.
If skeletal films suggest performing an evaluation of
complex bony injury by CT, the technique will be gov-
erned by the imaging detail required, but the examina-
tion should be confined to the appropriate area of inter-
est.

In evaluating the urinary tract, microscopic hema-
turia, without accompanying signs of a major injury, is
usually benign and may require no further workup un-
less a renal artery, renal vein, or ureteric injury is sus-
pected. Patients with gross hematuria and a pelvic
fracture are at risk for bladder rupture and require a
cystogram (Fig.9) (a CT cystogram is not the preferred
technique in pregnancy due to the increased radiation
dose to the conceptus). For the cystogram the bladder
should be filled with at least 300-350 ml contrast be-
fore an anteroposterior abdominal film is performed.
The bladder should be drained by catheter and an ad-
ditional film should be obtained [12]. If these films
are not diagnostic, oblique views might be considered.
In cases of suspected kidney injury alone, a single
film intravenous pyelogram may be adequate
(Fig.10). If unilateral nonfunction is seen or the intra-
venous pyelogram is nondiagnostic, CT is appropriate
to diagnose renal artery thrombosis or a potential ma-
jor renal injury. Patients with gross hematuria and hy-
potension or signs of major injury involving another

Fig.10 A 19-year-old pregnant woman with hematuria after trau-
ma. Intravenous pyelogram showed normal upper tract and a
third-trimester pregnancy

organ system should be examined by CT so that the in-
traperitoneal organs as well as the kidneys can be eval-
uated [24].

Summary

This article has reviewed the general principles in decid-
ing whether and when radiation exposure is appropriate
in a childbearing female with an acute medical problem.
In acute trauma, the primary consideration is saving ma-
ternal life, without which fetal demise is inevitable.
Most important, fetal and maternal monitoring must be
continuous, whether the trauma is minor or major. Key
is the recognition that radiation exposure should be con-
sidered in the management of the traumatized female
patient, but an expeditious, correct diagnosis is the
most important issue. Deleterious radiation effects never
outweigh the considerations of fetal and maternal sur-
vival.
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