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Abstract

Purpose of Review The evaluation of abdominal and pel-
vic pain in the pregnant patient presents unique challenges
due to altered physiology and implications of radiation
exposure on the fetus. In many instances, a radiologist must
consider the potential risk of fetal injury from ionizing
radiation and maintaining diagnostic quality imaging. This
article will focus on the role of MR imaging and its
applications in a variety of acute abdomen and pelvic non-
obstetric conditions potentially affecting the pregnant
patient.

Recent Findings Non-contrast MR imaging is routinely
employed in the presence of an initial equivocal ultra-
sound. However, MR is playing an increasingly more
important role in the imaging of the pregnant patient,
potentially surpassing the utility of conventional imaging
techniques.

Summary As radiologists become more comfortable inter-
pretating abdominal and pelvic MRI, MR will play a bigger
role in imaging the pregnant patient in the emergency
room, in the years to come.
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Introduction

To both the medical professional and the lay person, it is
well known that ionizing radiation is potentially deleterious
to humans. In a pregnant patient, there are additional
considerations which should be made when medical
imaging is performed. A balance between the potential risk
of fetal injury from the imaging technique (exposure to
ionizing radiation, contrast agents, etc.) and maintaining
imaging of diagnostic quality must be managed [1°]. A
national trend of increasing utilization rates of imaging has
led to a greater exposure of pregnant patients to ionizing
radiation in the recent past. A 10-year study, published in
2009, of radiologic examinations in 3285 pregnant patients
discovered that the total number of imaging examinations
had increased by 121%, with CT utilization continually
increasing yearly, over that time period [2]. The implica-
tions of this trend are complicated by the fact that up to
11% of pregnant patients who are admitted to a trauma
service were not known to be pregnant at the time of
admission [3]. Even healthcare professionals often have
less than satisfactory awareness about the dosage and
radiation risks of imaging their pregnant patients, which
can negatively influence their clinical decision making [4].
It is prudent to increase the awareness of radiation dosages
and the effects various imaging modalities can potentially
have on the pregnant patient, both of which can lower
wasteful utilization of radiological services, and prevent
potential fetal harm [4].
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Ultrasonography is the first-line diagnostic imaging
modality in the obstetric pregnant patient, and if needed, is
generally the first-line imaging performed of the rest of the
maternal abdomen and pelvis. Additionally, it is the only
imaging examination required for the majority of preg-
nancies [5]. “B-mode” or gray-scale images are most
widely used, and consist of the acoustic impedance of 2-D
cross sections of a selected volume of tissue, which allows
for a rapid and dynamic assessment of moving fetuses. This
permits a general fetal observation in real-time, without
ionizing radiation [5]. Although there is a theoretical risk
of heat injury and cavitation, when used correctly, ultra-
sound has an excellent safety profile with the risk of fetal
harm being extremely low [6, 7].

An important purpose of all diagnostic imaging is to
identify serious or potentially life-threatening pathology in
the mother and/or fetus which would require prompt
intervention. Less than adequate imaging can delay such a
diagnosis, and any delay in diagnosis and treatment can
potentially increase maternal and fetal morbidity. In the
pregnant patient with a suspected acute non-obstetric
abdominal and/or pelvic disorder, the sonographic findings
may prove to be definitive in securing an accurate diag-
nosis in some patients, but unfortunately often not in a
substantial percentage of pregnant patients [5, 6]. MRI is
becoming the preferred second-line imaging modality
when abdominal/pelvic sonographic images are equivocal
or non-diagnostic. Images with greater detail are obtained
through MRI, and as with ultrasonography utilizes no
ionizing radiation.

There are no reported cases of maternal or fetal injury
due to MRI, to our knowledge, and multiple safety studies
have been performed at 1.5 Tesla magnetic field strength or
lower. While many MRI scanners operate at 1.5 Tesla,
some MRI scanners operate at 3 Tesla, and may potentially
increase the risk of tissue heating at these higher field
strengths; however, if used judiciously, MR at 3 Tesla may
be safe for the fetus [8e, 9]. Additionally, the base of the IV
contrast agent used in MR, gadolinium, crosses the pla-
centa, and can eventually become reabsorbed into the fetal
circulation, may potentially cause teratogenicity at higher
concentrations, and is not recommended in pregnant
patients except in very selected circumstances [10].

Anatomic and Physiologic Considerations in Acute
Abdominal and Pelvic Pain in Pregnancy

Anatomic displacement of abdominal contents and loss of
physical examination and radiological landmarks must be
considered when imaging a pregnant patient. Compared to
in the non-pregnant patient, the approach to acute
abdominal and pelvic pain of non-obstetrical origin in

@ Springer

pregnant patients is similar, but has some caveats. The
gravid uterus adapts numerous anatomic changes in order
to nurture the fetus. Over the course of an uneventful
pregnancy, a woman should gain 30 Ib on average, and
have a shift in their point of gravity. Other changes include,
but are not limited to, a twice-fold increase in force across
weight-bearing joints, exaggerated lordosis of the lower
back, forward tilt of the neck, and a downward displace-
ment of the shoulders, all of which simultaneously make
room for the enlarged uterus and changed center of gravity
[11, 12]. Ligamentous laxity of the pelvis develops as well
[11]. The increased mobility of the pelvic joints predis-
poses the pelvic area to pain and structural damage during
pregnancy and the post-partum period, which can be con-
fused with other processes [12—14].

In the first trimester, there is frequently mild abdominal
pain due to the stretching of the round ligament. As the
pregnancy progresses, abdominal and pelvic pain is mostly
attributed to normal fetal positional changes, as well as
uterine enlargement [15]. By 12 weeks of gestation, the
gravid uterus enlarges beyond the pelvis, and starts to
anatomically displace the other intraperitoneal organs [15].
The localization of pain and peritoneal signs becomes more
challenging due to the expanding uterus stretching out the
abdominal and pelvic wall, and compressing the viscera
[15]. High concentrations of maternal hormones including
progesterone can reduce the tone and contraction pressure
of the ureters, and the vessels of the suspensory ligament of
the ovary enlarge and can compress the ureter between the
bony pelvis, leading to hydronephrosis and hydroureter,
particularly on the right side [16]. The ureters become
elongated and tortuous, which can become displaced and
obstructed, causing urinary stasis/obstruction, frequently
mimicking clinical signs of nephrolithiasis and/or urinary
tract infection, but also predisposing pregnant women to
these conditions [16].

With increasing uterine volume, the appendix often
migrates from the right lower quadrant to the right mid
abdomen [17, 18]. By the fourth month of pregnancy,
appendicitis can present with pain occurring anywhere
from the mid-umbilicus to the right upper quadrant.
Estrogen levels increase steadily during pregnancy, and
reach their peak in the third trimester, leading to a greater
secretion of hepatic biliary cholesterol, which predisposes
pregnant patients to cholelithiasis, cholecystitis, and com-
mon bile duct calculi [19]. Pancreatitis is also increased in
incidence; the most common predisposing cause of pan-
creatitis is cholelithiasis, and less commonly hyper-
triglyceridemia [20]. In the multiparous patient, prior
cesarean sections can cause adhesions. As the uterus grows
into the abdominal cavity, the small bowel may become
compressed, leading to a greater risk of developing small
bowel obstruction [21].
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Other changes in pregnancy include an increased inci-
dence of functional cysts in the first trimester of pregnancy,
which increases the risk of ovarian torsion [17]. Finally, the
leading cause of non-obstetric death in pregnant women is
trauma, which complicates upwards of 1 in 12 pregnancies.
Due to the normal increase in blood volume, elevation of
the diaphragm, delayed gastric emptying, and the enlarged
gravid uterus, the assessment and management of trauma
differs in the pregnant patient and can be challenging [22].

Fetal Radiation Dose Reduction and Risk

It is recommended by the U.S. Nuclear Regulatory Com-
mission that women should not be exposed to more than
5 rad (0.05 Gy) during the course of their entire pregnan-
cies [23, 24]. The developing embryo is most vulnerable to
ionizing radiation during the first 2 weeks after conception,
and survival becomes “all or nothing” at this stage. In
early gestation, the rate of fetal growth is extremely rapid,
and the early fetus is the most radiation sensitive [25].
Teratogenesis, growth restriction, and carcinogenesis are
not observed at this point in time due to any ionizing
radiation-induced damage; the embryo either survives
undamaged, or is resorbed [26].

After 2 weeks post-conception, organogenesis begins.
While lethality is rare, any injury caused to the fetus by
radiation-induced cell death or its effects on cell migration
and proliferation can lead to sequelae, including growth
restriction and congenital malformations [27, 28]. There is
evidence of carcinogenesis that can be attributed to the
exposure of a fetus to substantial ionizing radiation in
utero, with estimates of both solid and non-solid tumors
increasing in incidence by 6% per 100 rads of exposure
(1 Gy) [29]. Central nervous system conditions often arise
at such exposures (e.g., microcephaly, eye abnormalities,
and cognitive deficits) [26]. If other congenital malforma-
tions occur without any of the above-mentioned sequela,
then the aforementioned malformations should not neces-
sarily be attributed to ionizing radiation exposure [30].

As a fetus matures into viability (20-25 weeks of ges-
tation), the threshold for ionizing radiation exposure until
injury is estimated at 10-20 rads (0.1-0.2 Gy). While the
average I1Q loss is estimated at 25-31 points per 100 rad
(1 Gy) of exposure in a fetus of 8—15 weeks of post-con-
ception, the estimated 1Q loss at 20-25 weeks falls to
13-21 points per 100 rads of exposure [25]. If the radiation
exposure is primarily in the third trimester, radiation-in-
duced non-cancer health effects are unlikely, at nearly all
radiation dosages [25].

There is a possibility of maternal health risks if the
cumulative exposure from diagnostic imaging exceeds 5
rads [25]. Fortunately for the vast majority of pregnant

patients, imaging procedures typically expose their fetuses
to fewer than 5 rads throughout the course of the preg-
nancies. Additionally, for all patients, pregnant or not,
diagnostic imaging is usually staggered over a period of
time, which is a safer exposure than that of an acute
exposure [29, 31]. However, clinicians and radiologists
will not know the eventual amount of radiation a fetus
could be exposed to throughout pregnancy, and a cautious
approach to imaging is therefore indicated. There should be
an attempt to reduce or, if possible, eliminate ionizing
radiation exposure to pregnant patients at every instance,
but without compromising diagnostic accuracy [29].

Safety of MR Imaging in Pregnancy

MRI has been used for fetal and pregnant maternal
assessment for over 20 years [29, 32]. Because there is no
ionizing radiation in MRI as noted, as well as its excellent
soft-tissue contrast even without IV contrast administra-
tion, MRI is generally an excellent option for imaging the
pregnant patient with known or suspected acute abdominal
and pelvic conditions [29]. There are, however, concerns
regarding fetal injury through heating effects, as well as the
effects of the relatively loud acoustic noise. In a study of
nearly a million and a half pregnant patients, of whom
1737 underwent MRI, the MRI exposure during the first
trimester was not correlated with an increased risk of
congenital malformations, childhood cancers, vision or
hearing loss, stillbirth, or death [9].

Current guidelines set forth by the U.S. Food and Drug
Administration strongly discourage the use of IV gadolin-
ium-based contrast agents in the imaging of pregnant
patients. Gadolinium crosses the placenta, and can remain
in the amniotic fluid for the entirety of the pregnancy, with
unknown long-term effects on the fetus [9]. Animal studies
have shown possible teratogenic effects of gadolinium
contrast agents, but at dosages which are 2—7 times higher
than the standard amounts used in humans [33]. Fetal
kidneys recycle gadolinium into the amniotic fluid, where
then it can be recirculated by the fetus.

The authors almost never perform IV contrast-enhanced
abdominal/pelvic MRI in pregnant patients, with the
exception of absolute necessity, such as in the staging of
certain malignancies [1°]. If there is a critical need for IV
contrast-enhanced MRI, there should be a consultation with
the referring clinicians, and the patient should be counseled
as to any possible risks of undergoing the procedure. The
ACR generally recommends that informed consent should
be obtained from a pregnant patient before an MRI
examination.
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Appendicitis

Appendicitis has been estimated to occur in 1 in 300-1 in
10,000 pregnancies; despite this large range, appendicitis is
by far the most common non-obstetric cause of abdominal
pelvic pain in pregnancy requiring surgery [34]. In a cohort
study of 362,219 pregnancies, the incidence of appendicitis
was slightly more common in the 2nd trimester, and the
lowest rates of appendicitis were in the 3rd trimester [35].

Generally, acute appendicitis presents with right lower
quadrant pain, fever, and leukocytosis, but accurate diag-
nosis is difficult due to the anatomic and physiological
changes of pregnancy (Fig. 1) [1¢]. The expansion of the
gravid uterus displaces the appendix from the right lower
quadrant by the 3rd trimester, and can obscure localized
tenderness indicative of appendicitis (Fig. 2) [18]. There is
also an increased serum leukocyte count in pregnancy, so
this cannot be confidently relied on as an indicator for
appendicitis [36]. Additionally, there are atypical symp-
toms which can develop, including diarrhea, increased
urinary frequency, and dysuria [37]. McBurney’s point
tenderness can be less pronounced during pregnancy, as the

Fig. 1 Axial T2-weighted MR images of the normal appendix in a
pregnant woman. There is a blind-ending, gas-filled tubular structure
which is located just posterior to the cecum. There is mild distension
of the colon. The patient was then treated for constipation, with
successful resolution of symptoms
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Fig. 2 30-year-old pregnant woman with right mid and lower
quadrant pain, fever, elevated serum white blood cell count, and
acute appendicitis. Axial (a) and coronal (b) T2 HASTE MR images
reveal the fluid-filled T2 hyperintense lumen of a diffusely thickened
appendix in the right lower quadrant, with a lumen diameter of
11 mm, and periappendiceal fat stranding. A tiny appendicolith is
seen as a focus of T2 low signal in the lumen of the appendix. Note
the gravid uterus

anterior abdominal and pelvic wall may be stretched away
from the inflamed appendix [37]. There is an increased
incidence of potential complications, including premature
labor, fetal morbidity, and even fetal mortality, especially
with appendiceal perforation [1e]. If appendicitis remains
undiagnosed, fetal loss rates can be as high from 35 to 55%
in appendiceal perforation, and 1.5% without appendiceal
perforation [18]. Any delay in the diagnosis of appendicitis
in pregnant women can contribute to a higher risk of per-
foration and other complications [29, 38]. Laparoscopic
surgery is not without its risks as well; one study reported
fetal loss as high as 43% with negative laparotomy results
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[36]. A timely and accurate diagnosis of appendicitis is
therefore crucial in the pregnant patient.

Ultrasound is the first imaging examination usually
performed for suspected appendicitis in pregnancy,
although it has substantial limitations. The ACR Appro-
priateness Criteria recommends the first-line use of US in
suspected appendicitis due to its lack of ionizing radiation,
availability, cost, and the dynamic information provided
through real-time graded compression [le, 39]. Sono-
graphic findings of a normal appendix will reveal an
appendix which is compressible and less than 6 mm in
diameter; these findings are the same in both pregnant and
non-pregnant women [40]. Appendicitis is seen with a
transverse diameter greater than 6 mm, a tubular, blinding-
ending, non-compressible structure, and inflammation of
the adjacent fat [1e]. Multiple studies have demonstrated
that the sensitivity, specificity, and accuracy of sonography
in appendicitis can vary widely, but in general is relatively
poor. A cohort study done in 2003 found that ultrasound
examinations yielded a sensitivity of only 18% in diag-
nosing appendicitis [36]. In another study, in 33 pregnant
patients diagnosed and treated with acute appendicitis, US
demonstrated a sensitivity of 50%; the appendix was not
identified on 88% of examinations [41]. Such wide ranges
of predictive value in ultrasound are in part dependent on
the body habitus of various populations of women, gesta-
tional age, differences in overlying bowel gas, the equip-
ment used, and the training and expertise of the
sonographer or radiologist [36].

If ultrasound results are equivocal, MRI is the second-
line imaging modality, as defined by the ACR Appropri-
ateness Criteria [1+]. On MRI, appendicitis is diagnosed
after appreciating a distended appendiceal diameter of
7 mm or greater, and an appendix which is filled with T2
hyperintense fluid. T2 hyperintense signal may also be
present around the appendix, due to periappendiceal
inflammatory fat stranding [42¢]. In a study of 140 patients
with suspected appendicitis, Konrad et al. reported a
visualized appendix only 7% of the time by ultrasound,
while MRI revealed the appendix 80% of the time [40°¢].

A study of over 700 pregnant patients with suspected
appendicitis demonstrated that MRI had a sensitivity,
specificity, and accuracy of 96.8, 99.2, and 99.0%,
respectively, in the diagnosis of appendicitis. Over 90% of
ultrasound examinations were equivocal [18]. On sonog-
raphy, non-visualization of the appendix does not equate
with the absence of acute appendicitis. In contrast, with
MRI, such non-visualization effectively excludes appen-
dicitis [18]. In a report of 212 women who underwent MRI
for suspected appendicitis, Kereshi et al. found that there
was never an occurrence of a non-visualization of the
appendix, and then subsequent acute appendicitis requiring
surgery [42¢]. While there may also be differences in

expertise and training which may affect the sensitivity and
specificity rates of the diagnosis of appendicitis on MRI, in
a study of 146 pregnant women with suspected appendicitis
imaged using single-shot turbo spin-echo (SSH-TSE) T2-
weighted MR sequences, there was little correlation in the
diagnostic performance between a less experienced radi-
ologist and a more experienced radiologist [43].

In the setting of acute abdominal pain with signs and
symptoms of appendicitis, MRI has the additional utility of
revealing an alternative diagnosis to explain a patient’s
pain, if present [42¢]. Kereshi et al. observed the MRI
findings of a group of patients with suspected appendicitis
in pregnancy, and found other sources of abdominal/pelvic
pain, which included uterine fibroids, hydronephrosis,
cholelithiasis, adnexal masses, and pyelonephritis [42°].
MRI can therefore have high diagnostic value in the
workup of appendicitis in pregnancy.

Nephrolithiasis and Pyelonephritis

Nephrolithiasis occurs in approximately 1 in every
1500-3000 pregnancies [44]. In those pregnant patients
who develop nephrolithiasis, the majority present in the
2nd or 3rd trimester. The most common presenting symp-
toms are acute flank pain radiating to the groin or lower
abdomen/pelvis, and hematuria. For the majority of these
women, it is the first occurrence of calculi, as the pregnant
state increases the risk of urinary tract calculus formation
[44]. Due to the anatomical and physiological changes of
pregnancy, there is a natural propensity to develop urinary
stasis, as noted, and eventually nephrolithiasis [44, 45°].
Increases in progesterone will dilate the ureters and renal
pelvis, and the gravid uterus can compress the bladder,
thereby decreasing its capacity, and leading to a diminished
fluid intake during late pregnancy [45¢]. Additionally, the
pregnant state is associated with an increase in urine cal-
cium excretion, and a rise in the alkalinity of urine, both of
which increase the incidence of calcium oxalate calculi
[46]. Nephrolithiasis in the pregnant patient may present
with acute lower abdominal/pelvic pain which may be
similar to that of appendicitis and even ovarian torsion, and
thus diagnostic imaging has utility in this situation (Fig. 3)
[47].

The presence of urolithiasis is associated with a risk of
recurrent miscarriage, elevation in blood pressure, gesta-
tional diabetes, and an increased incidence of cesarean
deliveries, amongst other potential complications [48].
Transabdominal ultrasound is the first-line test for diag-
nosis in suspected urolithiasis in the pregnant patient [49].
If such scans are inconclusive, a transvaginal US can be
employed to increase detection rates of distal ureteral
calculi [48]. However, several studies have shown that
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Fig. 3 T2 HASTE coronal MR image reveals right ureteropelvic
junction calculus and associated hydronephrosis in a pregnant patient

ultrasound has a poor sensitivity for ureteral calculi; Butler
et al. found over a 13-year period that calculi were only
visualized in 60% of renal US examinations in women with
confirmed nephrolithiasis. US is also limited by the expe-
rience of the operator and by the patient’s body habitus,
and specifically in nephrolithiasis, US interpretation can be
complicated by physiologic hydronephrosis and by routine
difficulty in visualizing the mid to distal thirds of the
ureters [45¢].

MRI should be considered in the setting of the pregnant
patient with suspected nephrolithiasis, if US fails to help
establish a diagnosis and if symptoms persist despite con-
servative management [45¢, 47]. MRI can be done specif-
ically of the urinary tract, as a magnetic resonance
urography examination (MRU). The application of MRI is
especially helpful in nephrolithiasis due to its ability help
distinguish between pathologic and “physiologic”
hydronephrosis; in proximal to mid physiologic
hydronephrosis, the uterus and iliopsoas muscle compress
the distal ureters to cause a “natural” hydronephrosis and
hydroureter, particularly on the right, whereas if there is a
distal ureteral calculus, the entire ureter is dilated [45¢].
Additionally, MRI is helpful in demonstrating complica-
tions and/or alternative diagnoses, especially pyelonephri-
tis (Fig. 4) [45°].
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MRI may not directly show smaller calculi in the uri-
nary tract. On T2-weighted MR images, urinary calculi, if
identifiable, are T2 hypointense filling defects in an
otherwise hyperintense urinary tract; a standing column of
urine and diffuse ureteral dilation is consistent with distal
obstruction, and, as noted an associated ureteral calculus, if
not tiny. Other MR findings include perinephric and peri-
ureteral edema, as well as obstruction at the level of the

Fig. 4 33-year-old pregnant presents with right flank pain, and
pyelonephritis. Coronal GRE (a, b) and T2-weighted fat-suppressed
MR images reveal edema adjacent to the lower pole of the right
kidney. There was no right hydronephrosis or hydroureter, and no
calculus was identified. Note the fluid in the endometrium, in this
patient in the first trimester
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ureteropelvic or ureterovesical junction. The sensitivity of
MRI increases in relation to the size of the ureteral calculus
and the volume of urine around it [50]. Although MRI can
have a sensitivity as high as 84% and a specificity of 100%,
it has several disadvantages in the imaging of
nephrolithiasis. There is, as noted, limited depiction of
smaller calculi in particular.

Hepatobiliary Tract Conditions (Gallstones,
Cholecystitis, Common Duct Calculi,
and Pancreatitis)

The pregnant state increases the synthesis of hormones,
including estrogen and progesterone, as noted. Estrogen
increases cholesterol secretion, while progesterone reduces
bile acid secretion, both of which will supersaturate bile
with cholesterol [51]. Additionally, progesterone slows the
emptying of the gallbladder, leading to bile stasis, sub-
stantially increasing the risk of developing cholelithiasis. In
pregnant women, gallbladder disease may mimic simple
upper digestive complaints (Fig. 5) [52]. In a study of 3254
pregnant women, all who were negative for gallstones at
initial sonography, gallbladder abnormalities (new sludge,
progression of sludge, and/or new gallstones) in 7.1% of
the group by the second trimester, and in 10.2% of the
women 4-6 weeks post-partum, and approximately 1%
needed a cholecystectomy in their first post-partum year
[51]. It was further seen that gallbladder sludge and small

Fig. 5 T2-weighted single-shot fast-spin echo coronal MR image of
cholelithiasis without cholecystitis in a 41-year-old pregnant woman.
There is a 2-cm calculus in the gallbladder

stones resolved and disappeared in 61 and 30% of the
patients post-partum, respectfully [51]. Gallbladder con-
traction, often due to a fatty meal, on a lodged stone, can
lead to pressure and pain, with the stone advancing down
the biliary tract with relaxation [51].

Acute cholecystitis is the second most common non-
obstetric disorder requiring surgery during pregnancy. The
formation of gallstones can further lead to choledo-
cholithiasis, obstructive jaundice, and pancreatitis, all of
which can increase maternal and fetal mortality [51].
Ultrasound is the first imaging modality employed in any
patient with right upper quadrant pain, whether pregnant or

Fig. 6 32-year-old, 27-week pregnant woman with right upper
quadrant pain. Initial sonography demonstrated cholelithiasis (not
shown). Axial single-shot fast-spin echo image (a) demonstrates
multiple small dependent calculi in the gallbladder. MRCP image
(b) shows a distal common bile duct calculus (arrow) with mild
dilatation of the common bile duct, but no evidence of a common duct
calculus
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not [52]. Gallstones are easily visualized on sonography,
with a sensitivity and specificity often nearing 100% in
some studies [52]. Findings on ultrasound including
thickening of the gallbladder wall, pericholecystic fluid,
gallstones, and a sonographic Murphy’s sign, are, in
combination, strongly suggestive of acute cholecystitis
[52]. The gravid uterus may interfere with the quality and
adequacy of the ultrasound examination for identifying
common duct calculi; the sensitivity is as low as 20%
[52, 53]. ERCP is effective in revealing and then for
treating common bile duct calculi, but ionizing radiation is
a concern [53]. Additionally, ERCP can increase the risk of
pancreatitis, sepsis, hemorrhage, and upper gastrointestinal
perforation [53].

Magnetic resonance cholangiopancreatography (MRCP)
is an established technique which produces detailed images
of the hepatobiliary and pancreatic systems [53]. MRCP
has been evolving as a modality since its inception, and
recent developments permit slice thickness of 1 mm or less
(Fig. 6). Additionally, it has a near-100% reported accu-
racy for the evaluation of biliary obstruction [53]. MRCP

Fig. 7 22-year-old pregnant
woman with multiple gallstones.
Axial (a) and coronal (b) T2-
weighted images, as well as
MRCP HASTE slab image

(c) and intrahepatic biliary
dilatation. Two days later,
ERCP (d) was performed, and a
5-mm sphincterotomy was
performed. ERCP revealed tiny
non-obstructing debris in the
proximal common bile duct, and
intrahepatic biliary ductal
dilatation. A stent was left in
place in the common bile duct
to prevent recurrent calculus
formation
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has replaced ERCP for diagnostic purposes [53]. MRCP
does not need contrast for most hepatobiliary pathologies,
and there is no ionizing radiation [54]. MRCP can also
reveal more complex and uncommon pathologies, includ-
ing intrahepatic biliary stones and choledochal cysts
(Fig. 7) [53].

It has been previously demonstrated that ERCP with
sphincterotomy, without fluoroscopy, could be done suc-
cessfully, but there are risks of injury, such as the acci-
dental cannulation of the cystic duct or a retained stone,
due to the increased technical challenges of not using
contrast or fluoroscopy [7, 54]. In situations where ERCP
must be performed, an MRCP preceding the ERCP can
improve the efficiency and safety of the procedure. MRCP
in the pregnant patient with obstructing gallstones can then
lead to an ERCP without fluoroscopy [53, 54].

In a study done utilizing MRCP in biliary pancreatitis in
pregnant patients, it was seen that an obstructing gallstone
was detected on sonography, MRCP was employed before
non-fluoroscopic ERCP was performed (Fig. 8). MRCP
was not only able to confirm the location of obstruction,
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Fig. 8 30-year-old pregnant
woman with biliary pancreatitis.
Axial (a) and coronal (b) T2-
weighted, fat-suppressed single-
shot fast-spin echo, as well as
maximum intensity projection
reconstruction from an MRCP
(¢), reveal an enlarged
heterogeneous pancreas with
moderate peripancreatic
stranding surrounding the
pancreatic body and tail,
representing acute pancreatitis.
There is also a large complex
fluid collection surrounding the
body and tail of the pancreas,
with hemorrhagic and
proteinaceous components,
representing pancreatic and
peripancreatic necrosis. Mild
biliary ductal dilatation is also
present, with narrowing of the
common bile duct at the level of
the ampulla. Gallbladder
distension seen with numerous
gallstones and cystic duct
stones, and choledocholithiasis
at the level of the ampulla.
ERCP (not shown) performed
1 day later revealed common
bile duct sludge and a calculus

but also to reveal the exact number of calculi present. This
allowed a subsequent ERCP to be done without radiation
with less technical difficulty, eliminating fetal exposure to
radiation [54]. The authors advocated for a treatment plan
consisting of sonography, MRCP, non-fluroscopic ERCP,
and immediate laparoscopic cholecystectomy as a viable
treatment plan for biliary pancreatitis in the pregnant
patient [54].

Small Bowel Obstruction

Adhesions are the most common cause of small bowel
obstruction (SBO) in the general population, usually due to
previous abdominal surgery [55]. A pregnant patient with a
prior cesarean section history is at an increased risk of
developing adhesions, as noted, and therefore SBO. This
can be further complicated by the gravid uterus expanding
into the abdomen, as noted (Fig. 9) [56]. Bowel obstruction
occurs most commonly in the 3rd trimester or post-partum,
and the presence of a bowel obstruction substantially
increases the risk of morbidity for both the mother and
fetus, with an estimated fetal loss of between 17 and 50%,
and of maternal death from 2% to upwards of 20% [55, 57].
As the gravid uterus displaces abdominal contents during
gestational maturity, relevant clinical symptoms will

present at atypical locations, making accurate diagnosis
more challenging [57]. While SBO in pregnancy is rather
rare, with an incidence ranging from between 1 and 1500 to
1 in 66,000 deliveries, once a diagnosis of SBO is made, a
swift and effective diagnosis must take place to ensure the
best outcome for both the mother and the fetus [57].

Ultrasound can be used in the initial evaluation of sus-
pected small bowel obstruction in the ED setting [55, 58].
Sonography can frequently lead to a correct diagnosis of
SBO, but it is not as useful in determining the location,
source, and possible complications of the obstruction [58].
CT is the most sensitive imaging modality for SBO.
Sonography only had a 23% sensitivity for determining the
cause of obstruction, which was much lower than the 87%
sensitivity achieved with CT [58]. However, MRI should
be considered as an alternative modality in the imaging of
known or suspected SBO in the pregnant patient, as it uses
no ionizing radiation, and it produces images and results
comparable to CT [59].

SBO in pregnant is a relatively rare occurrence, and
thus, there is limited literature to our knowledge on the
efficiency of MRI versus other modalities. The MR
appearance of SBO is the same as on CT [47]. The
development of rapid scanning techniques has made MR of
the small bowel more practical.
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Fig. 9 27-year-old pregnant
woman with acute bowel
obstruction, history of Crohn
disease, and colectomy with
ileostomy. Axial (a) and coronal
(b, ¢) T2-weighted MR images
reveal prior colectomy with
right lower quadrant end-
ileostomy. High-grade small
bowel obstruction causing up to
5-cm dilation of small bowel
loops is seen, with a transition
point at approximately 10-cm
proximal to the ileostomy (not
shown), due to adhesions from
prior surgery. Note
physiological hydronephrosis of
the right kidney

Inflammatory Bowel Disease (Crohn Disease,
Ulcerative Colitis)

Crohn disease and ulcerative colitis are the two main forms
of inflammatory bowel disease (IBD). The severity of the
disease at the beginning of pregnancy impacts the man-
agement throughout gestation; 66% of patients who con-
ceived during an active period of symptoms continued to
display active disease or worsening of their IBD [60].
Active disease also leads to more fetal complications
(growth restriction) and a greater chance of miscarriage
[60]. The role of imaging is to assess the progression of the
disease, in order to determine if clinical observation,
medical management, or surgery is indicated [61]. The
approach and management in patients with acute IBD flares
are similar in both the pregnant and non-pregnant patients

@ Springer

[60]. Patients with IBD tend to be younger, and therefore
may need repeated imaging over the course of their life-
time to monitor for disease progression and response to
therapeutic measures.

CT-based techniques are currently the usual imaging
utilized in IBD, but MR is becoming increasingly utilized,
because of the elimination of ionizing radiation [61, 62].
There is limited literature on the use of MR in Crohn
evaluation in the acute abdomen, in pregnancy, to our
knowledge. However, in the emergency setting, the authors
primarily obtain multiplanar non-contrast T2-weighted MR
sequences. In recent years, the role of MR has expanded to
include the assessment of extraluminal and extraintestinal
manifestations of IBD, as well as discerning between
inflammatory changes and fibrotic strictures [61, 62].
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Ovarian Torsion

Adnexal torsion is the total or partial rotation of the ovary
and/or fallopian tube, leading to reduced venous return
from the ovaries, and eventually infarction, if untreated.
Ovarian physiological cysts and benign neoplasms are the
common predisposing risk factors for ovarian torsion in
non-pregnant individuals, including cystic teratomas,
hemorrhagic cysts, and cystadenomas [63—65]. Upwards of
86—95% of patients with ovarian torsion had an underlying
ovarian mass or cyst [64]. Such masses or cysts cause the
ovary to swing on its vascular pedicle and eventually twist
on itself. The ligamentous laxity from the physiological
increase of progesterone during pregnancy further increa-
ses the risk of torsion [66¢]. Pregnancy is associated with
an increased risk of ovarian torsion; 10-22% of all ovarian
torsions occur during pregnancy; an enlarged unilateral
ovary with a co-existent mass is usually present [63, 67].

Prompt diagnosis is crucial, as hemorrhage and necrosis
of the ovary will eventually occur without intervention
(Fig. 10) [65]. Ovarian torsion occurs most often during the
first trimester due to the presence of a corpus luteal cyst
[67]. Torsion has a decreased incidence in the third tri-
mester, due to the gravid uterus decreasing the mobility of
the adnexa [65]. Sonography is the initial imaging
modality, and allows for a dynamic assessment of the
ovaries, as well as an assessment of flow. MR, which can
be performed emergently after equivocal sonography, will
show an enlarged ovary which is bright on T2-weighted
images, with free fluid in the vicinity, and obliteration of
fat planes [65]. Subacutely hemorrhagic ovarian cysts will
be hyperintense on T1-weighted images, and cystic ovarian
neoplasms will appear as complex heterogeneous
solid/cystic masses [1°].

MR findings of ovarian torsion are similar in both the
pregnant and non-pregnant patient. In pregnancy, MR is
the imaging modality of choice after ultrasound [65, 66°].
MRI allows for the evaluation of not only the adnexa, but
of the uterus and gastrointestinal tract as well [66°]. The
high soft-tissue contrast reveals an abnormal ovary or an
alternative cause of pelvic pain (e.g., a necrotic fibroid),
which guides appropriate management [66¢].

Trauma

Acute trauma is the leading cause of non-obstetric maternal
death, affecting 5-8% of all pregnancies [68]. Fetal loss
occurs in approximately 50% of pregnant women with
severe trauma, with a smaller frequency of fetal loss
(1-5%) occurring after minor trauma. Because the majority
of trauma in the pregnant female is seemingly “minor,”

Fig. 10 30-year-old 24-week pregnant woman with marked right
lower quadrant pain. Axial (a, b) and coronal (c) T2-weighted MR
images reveal marked enlargement of the right ovary, to 7.7-cm
diameter, with diffuse hyperintense stromal signal and multiple small
peripheral follicles, representing ovarian torsion, with marked edema
and surrounding inflammatory fat stranding and trace adjacent fluid.
Note normal appearance of the left ovary

most fetal loss actually occurs after such trauma [68].
Trauma in the pregnant patient presents unique consider-
ations, because there are two individuals for whom eval-
uation and management should be done. The physiological
changes in pregnancy, including a rise in cardiac output,
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Fig. 11 Pregnant woman with
multiple rib and extremity
fractures after a motor vehicle
collision. CT of the abdomen
and pelvis (a axial mid
abdominal image; b axial upper
abdominal image; ¢ sagittal
reformation) shows a maternal
liver laceration, as well as a
multi-focal placental abruption.
The fetus survived

increased oxygen demands, the physiologic anemia of
pregnancy, and the enlargement of the gravid uterus, must
all be considered when assessing and treating a pregnant
patient [69¢]. Additionally, many women can present with
obstetrical complications in a trauma setting, including
contractions, vaginal bleeding, and abdominal and pelvic
pain upon initial presentation [70].

The initial goal of management is prioritizing the sta-
bilization of the mother [69¢]. The National Center for
Injury Prevention and Control states that a pregnant patient
at greater than 20 weeks gestation should be transported to
a facility which is both capable of a timely trauma evalu-
ation and which can appropriately manage potentially life-
threatening injuries [69¢]. Minor trauma (light bruising,
limited lacerations, or contusions) may need a more limited
evaluation, and can be appropriately assessed with selected
maternal and fetal imaging, although as noted, caution
should be used in performing such evaluations [69¢].
Acceleration-deceleration forces such as those from a
motor vehicle collision can cause uterine distortion and
placental abruption, while direct abdominal trauma can
cause uterine rupture, both of which constitute major
injuries [70]. Compression injuries to the abdomen, vio-
lence, and motor vehicle collisions are some of the major
causes of injury in such patients, and thus need a prompt
and accurate workup [69¢].
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Imaging may begin with a portable radiograph of the
chest, and of the pelvis if indicated. Ultrasound is then used
as the initial diagnostic tool in assessing the pregnant
trauma patient. A focused assessment with sonography for
trauma (FAST) is a relatively dependable method to detect
intra-abdominal and intra-pelvic injuries, and particularly
to reveal intraperitoneal free fluid. A fetal evaluation can
be performed with the same ultrasound at the bedside, to
determine the gestational age, fetal heart rate, and potential
placental injuries [70]. While the FAST examination is an
invaluable part in the evaluation, and can relatively be
easily done in the trauma bay, Richards et al. demonstrated
that a FAST exam has only a 61 and 71% sensitivity for
revealing intra-abdominal injury in pregnant patients and in
non-pregnant women, respectively [71]. Additionally, US
is of very limited benefit in detecting active bleeding [72].

CT of the abdomen and pelvis with intravenous contrast
is recommended by the ACR in the evaluation of acute
trauma in the pregnant patient (Fig. 11) [72]. In an espe-
cially serious suspected injury, CT is the proven modality
for full evaluation [72, 73]. There is little to no literature to
currently support the use of MRI in the initial evaluation of
an acutely injured pregnant trauma patient, to our knowl-
edge. Due to the nature of the trauma setting itself, MRI is
not a practical or convenient modality [68]. MR requires
more time to image, patient monitoring is more difficult,
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and IV gadolinium is generally contraindicated [1¢]. The
utility of MR in the trauma patient can potentially be best
seen in a follow-up role [68, 73]. MRI can potentially
replace a follow-up CT scan in pregnant patients after
trauma [68].

Summary

Non-contrast MRI of the abdomen and pelvis can be used
in a wide variety of applications in the pregnant patient
suspected of acute non-obstetric disorders, and has been
increasingly utilized in the last two decades, especially
after an initially equivocal sonogram. MRI is an excellent
follow-up imaging technique in many instances, which
does not expose a fetus, or the mother, to ionizing radia-
tion, making it an excellent option for pregnant patients
with suspected acute abdominal and pelvic conditions. It
can be performed at any stage of pregnancy, with no evi-
dence of adverse effects on fetal outcomes, as it is cur-
rently being used. As radiologists become increasingly
comfortable with interpreting abdominal and pelvic MRI,
and as it becomes more widely available as an emergent
procedure its utility will continue to increase in the future.
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