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The presentation of abdominal 
pain in pregnancy is a diag-
nostic challenge for clinicians. 

Often, intra-abdominal pathology in 
pregnancy can be masked by maternal 
physiologic and anatomic changes in-
cluding leukocytosis, displacement of 
abdominal organs by a gravid uterus, 
nausea and vomiting, and a difficult 
physical exam. 1,2 When true pathol-
ogy does exist, a delayed diagnosis can 
lead to unfavorable outcomes for both 
mother and fetus. In the setting of a con-
fusing clinical picture, imaging is a cru-
cial tool for the evaluation of pregnant 
patients with abdominal pain. 

Magnetic resonance imaging (MRI) 
is beneficial in pregnancy as it allows 
for excellent soft tissue contrast resolu-
tion and for the evaluation of multiple 
organ systems without exposure to ion-
izing radiation.3 In this review, we will 
discuss the safety of MRI in pregnancy 

and our institution’s technique for im-
aging pregnant patients with abdomi-
nal pain by MRI. We will focus on the 
MRI appearance of common abdominal 
pathologies seen in pregnancy with at-
tention to the gastrointestinal and geni-
tourinary systems. 

MRI technique 
The American College of Radiol-

ogy (ACR) approves the use of MRI in 
pregnancy. Although MRI is performed 
without ionization radiation, radiofre-
quency pulses utilized in MRI deposit 
energy in patients in the form of heat. 
The amount of energy deposited is re-
ferred to as the specific absorption rate 
(SAR) and is monitored on all mod-
ern MRI systems. The predicted fetal 
temperature rise caused by this energy 
deposition, to this point, has never been 
demonstrated to cause fetal teratogenic-
ity in any trimester of pregnancy.4 MRI 
in pregnancy is, therefore, felt to be safe 
in all trimesters. As with any interven-
tion in pregnancy, however, the ACR 
stresses that a risk-benefit analysis be 

performed, and in our institution, in-
formed consent is always obtained in 
pregnant patients prior to undergoing 
MRI. If an MRI is deemed non-urgent, 
the study should be delayed until the pa-
tient is no longer pregnant.4 

The ACR recommends against the 
routine use of MRI contrast agents in 
pregnant patients. Studies have demon-
strated that at least some of the gado-
linium chelate traverses the placenta 
and may accumulate in the amniotic 
cavity, with contrast cycling through 
the fetal gastrointestinal and genito-
urinary tracts for an indefinite period 
of time.5 Although the risk of using 
gadolinium in pregnancy remains un-
known, there is a potential for chelate 
dissociation and the formation of toxic 
gadolinium ions.4,5,6 The decision to use 
contrast should therefore be made after 
a risk-benefit analysis and on a case-to-
case basis. 

At our institution, pregnant patients 
are imaged supine on a 1.5 T magnet 
with a phased-array body coil. No intra-
venous or oral contrast agent is admin-
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istered. Image coverage extends from 
the superior aspect of the gallbladder 
through the pelvis. Key components 
of our protocol are multiplanar, T2-
weighted steady-state fast spin echo 
(SSFSE) sequences, which are useful 
for localization of anatomic structures 
and for highlighting edema and fluid, 
particularly when fat-suppression tech-
nique is applied. Axial T1-weighted 
in-phase and opposed-phase gradient 
echo imaging is performed for soft tis-
sue characterization, including identify-
ing the presence of bulk or microscopic 
fat, hemorrhage or protein, and sus-
ceptibility artifact, which can aid in the 
identification of a normal air-containing 
appendix. Diffusion-weighted imaging 
can highlight areas of inflammation, in-
fection, or neoplasm, and provide value, 
especially in the setting of a noncon-
trast study. Finally, 2D time-of-flight 
imaging is utilized to help differentiate 
a normal appendix from other tubular 
mimickers such as pelvic varices. 

Gastrointestional pathologies
While the most common cause of 

acute abdominal pain in pregnancy is 
appendicitis, other frequently encoun-
tered gastrointestinal causes include 
bowel obstruction and inflammatory 
bowel conditions.7

Appendicitis
Appendicitis is the most common 

non-obstetric cause for emergency sur-
gery in pregnancy.8 Acute appendicitis 
in pregnancy, particularly perforated 
appendicitis, has been linked to prema-
ture labor and maternal death, making 
early diagnosis essential. 9 Studies have 
demonstrated that MRI can reliably di-
agnose acute appendicitis during preg-
nancy with sensitivity and specificity of 
100% and 94%, respectively.3, 9

Localization of the appendix can be 
challenging in pregnant patients due to 
changes in abdominal organ position 
caused by the gravid uterus. One means 
to localize the appendix is a cecal tilt 
angle of at least 90° or greater on sagit-
tal T2-weighted imaging, which predicts 
localization of the appendix to the right 

FIGURE 1. Acute appendicitis in a 5-week pregnant patient presenting with right lower quad-
rant abdominal pain. (A) Axial T2-weighted SSFSE sequence demonstrating a dilated appen-
dix with hyperintense intraluminal material and extensive periappendiceal stranding (arrow). 
(B) Axial T2-weighted SSFSE image with fat suppression demonstrates extensive edema 
centered about an enlarged appendix (arrow). (C,D) Coronal and sagittal T2-weighted SSFSE 
images showing an enlarged, inflamed appendix (arrow). Acute appendicitis was confirmed at 
surgery.
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FIGURE 2. A 30-year-old woman with a history of Roux-en-Y gastric bypass presenting with 
severe left upper quadrant pain at 7 weeks’ gestation. (A) Coronal T2-weighted SSFSE image 
demonstrates dilated fluid-filled loops of jejunum in a left upper quadrant (thick arrows). (B) 
Axial T2-weighted SSFSE image demonstrating one of the multiple transition points (thin 
arrow) with surrounding dilated small bowel. At surgery, a closed-loop obstruction secondary 
to an internal adhesive band was confirmed.
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upper quadrant regardless of gestational 
age.10 MR imaging features of a nor-
mal appendix include a diameter of less 
than 6 mm, a collapsed or partially air-
filled lumen, and lack of periappendiceal 
stranding. T1-weighted in-phase and 
opposed-phase gradient echo imaging is 
especially useful for identifying luminal 
gas in the appendix, seen as susceptibility 
artifact on the longer echo time in-phase 
sequence compared to the opposed-phase 
sequence. When gas is seen throughout 
the appendiceal lumen, the diagnosis of 
appendicitis is essentially excluded, re-
gardless of appendix diameter.

Features of acute appendicitis on 
MRI include a dilated appendix greater 
than 7 mm in diameter, hyperintense 
intraluminal fluid on T2-weighted im-
aging, and a thickened, edematous wall 
appearing brighter on T2-weighted 
images compared to bowel wall else-
where. Restricted diffusion can also be 
seen in acute appendicitis, and when 
apparent, increases the sensitivity for 
accurate diagnosis.11 Secondary signs 
of appendicitis include periappendiceal 
inflammation appearing as hyperintense 
signal on T2-weighted images made 
particularly apparent with the use of 
fat-suppression techniques (Figure 1). 
Appendicoliths, when present, may ap-
pear as focal hypointense structures on 
T1- and T2-weighted imaging and can 
demonstrate susceptibility artifact.

FIGURE 3. A 37-year-old woman presenting with abdominal pain while 24-weeks pregnant. The patient has a history of Crohn’s disease. (A) 
Coronal T2-weighted SSFSE image shows a markedly thickened distal ileum (thin arrows) with more normal adjacent bowel medially. (B) Axial 
T2- weighted SSFSE image with thickened loops of distal ileum (thin arrows) and mesenteric inflammatory change (thick arrow). (C) Axial T2- 
weighted SSFSE image with fat suppression demonstrates thickened distal ileal loops with mural stratification (thin arrow). 
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FIGURE 4. Physiologic hydronephrosis at week 16 of pregnancy in a patient presenting with 
right lower quadrant pain. (A) Coronal T2-weighted SSFSE sequence demonstrating moder-
ate hydronephrosis of the right kidney. (B) Sagittal T2-weighted SSFSE sequence demon-
strating right hydronephrosis with gradual smooth tapering of the ureter in its distal portion 
(arrow). (C, D) Sequential axial T2-weighted SSFSE images through the pelvis showing com-
pression of the ureter between the psoas muscle and the gravid uterus (arrow).
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Bowel obstruction
Bowel obstruction in pregnancy 

has an incidence of approximately 1 in 
1,500 to 1 in 66,000.12 The frequency of 
mechanical obstruction increases with 
older gestational age.13 Common symp-
toms of pregnancy including nausea, 
vomiting, and constipation mimic those 
symptoms classic for bowel obstruc-
tion, making diagnosis a challenge.

Causes of obstruction are similar to 
those seen in non-pregnant patients, 
with adhesions being most common, 
accounting for 58% of obstructions 
in pregnant patients.14 Volvulus is the 
second most common cause of obstruc-
tion in pregnancy occurring in approxi-
mately 25% versus only 3-5% of cases 
in non-pregnant patients.15, 16 A unique 
cause of bowel obstruction in preg-

nancy results from bowel compression 
by a gravid uterus.17

MRI is excellent for the evaluation of 
bowel obstruction and can be performed 
without oral or IV contrast. Although 
motion caused by amniotic fluid, ma-
ternal breathing, and peristalsis may 
limit the evaluation of maternal bowel 
on MRI, utilization of fast acquisition 
imaging techniques helps compensate 
for this limitation. Multiplanar T2-
weighted SSFSE imaging has demon-
strated particular utility in evaluating 
the severity of obstruction and identify-
ing the transition point. Obstruction on 
MRI appears as dilated loops of bowel, 
often fluid-filled, leading to a transition 
point, with decompressed downstream 
bowel loops. Secondary signs, which 
can help determine the severity of ob-

struction, such as bowel wall edema, 
mesenteric edema, and ascites are also 
well depicted by MRI (Figure 2).

Inflammatory bowel disease
Inflammatory bowel disease (IBD) is 

a common cause of abdominal pain in 
pregnancy both in women who already 
carry the diagnosis and those who do 
not, as both the age of presentation for 
Crohn’s disease and ulcerative colitis 
(UC) overlaps with reproduction. IBD 
often mimics other surgical conditions 
in pregnancy. For example, Crohn’s 
disease frequently affects the terminal 
ileum, making it a common mimicker 
of acute appendicitis in pregnancy.1

On MRI active Crohn’s disease ap-
pears as segments of circumferentially 
thickened, edematous bowel often with 

FIGURE 5. Obstructive hydronephrosis in a pregnant patient presenting with right lower quadrant pain. 
(A) Sagittal T2-weighted SSFSE sequence demonstrating severe right hydronephrosis (thick arrow). 
The ureter is dilated below the level of the sacral promontory with abrupt decompression (thin arrows). 
(B,C) Two subsequent axial FIESTA sequences demonstrate dilation of the right distal ureter (thick 
arrow) with abrupt decompression. Susceptibility artifact (thin arrow) at the site of decompression is 
consistent with an obstructing distal ureteral stone. 
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FIGURE 6. Ovarian torsion at 25 weeks’ gestation in a patient presenting with right lower quadrant pain. (A) Axial T2-weighted images showing 
a gravid uterus with an enlarged edematous right ovary (arrow). (B) ADC image demonstrating low signal in the right ovary, with corresponding 
DWI image showing hyperintense signal (not shown), consistent with restricted diffusion. (C) Axial T1-weighted opposed-phase gradient echo 
image demonstrates a rim of high signal in the right ovary (arrow), consistent with hemorrhage. At surgery the right ovary was found to be torsed 
and necrotic. 
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mural stratification on T2-weighted im-
ages, frequently with skip lesions and 
involvement of the terminal ileum (Fig-
ure 3). Luminal narrowing is seen both 
in the acute phase of inflammation, and 
as a sequela of fibrosis in chronic dis-
ease. In addition to stricturing, bowel 
in chronic disease often demonstrates 
fatty mural infiltration, well differenti-
ated from wall edema by T2-weighted 
fat-suppression sequences.

Extraluminal complications of 
Crohn’s disease such as sinus and/or fis-
tulous tracts, phlegmon, and abscesses 
are also well evaluated by MRI. The 
former appear as fluid-filled linear areas 
of signal abnormality on T2-weighted 
sequences arising from bowel loops, 
often with a stellate configuration and 
associated bowel tethering.18 Phlegmon 
appears as a mass-like area of hyperin-
tensity on T2-weighted imaging within 
the mesenteric fat, while abscesses are 
walled-off extraluminal fluid collec-
tions, sometimes containing suscepti-
bility due to the presence of gas. 

In contrast to Crohn’s disease, in-
flammation in UC involves the rectum 
and spreads proximally in a contiguous 
manner. Even in the most severe cases, 
wall thickening in UC is less dramatic 
then in Crohn’s disease, as inflamma-
tion is not transmural and spares the 
serosal surface. As in acute Crohn’s dis-

ease, secondary signs of active inflam-
mation such as free fluid and edema in 
the surrounding soft tissues are well de-
picted by MRI. Chronic changes of UC 
include a featureless, ahaustral colon 
with fibrofatty proliferation of sur-
rounding soft tissues. 

Genitourinary pathologies
Various genitourinary pathologies 

can manifest as abdominal pain in 
pregnancy, including obstructing cal-
culi, ovarian torsion, and degenerating 
fibroids. 

Obstructive hydronephrosis
The most frequent cause of obstruc-

tive hydronephrosis in pregnancy is uri-
nary tract calculi. Acute urolithiasis is 
the most common cause of nonobstetric 
hospital admission during pregnancy.19, 

20 Potential complications of urolithiasis 
include infection and premature labor, 
highlighting the importance of differ-
entiating between physiologic and ob-
structive hydronephrosis. 

Physiologic hydronephrosis occurs 
in 90% of pregnant patients and is most 
often asymptomatic, but has been a re-
ported cause of abdominal pain.21 Phys-
iologic hydronephrosis is caused by a 
combination of extrinsic compression 
of the ureter and hormonal-induced 
ureteral relaxation, occurring most fre-

quently on the right (Figure 4).22  Phys-
iologic hydronephrosis manifests as 
gradual tapering of the mid/distal ureter 
due to compression between a gravid 
uterus and the iliopsoas muscle.23 In 
physiologic hydronephrosis, no filling 
defect is seen, the ureter is not dilated 
distal to the sacral promontory and only 
rarely is there associated renal enlarge-
ment or perinephric fluid.

MRI features of obstructive uropa-
thy include an abrupt change in ureteral 
caliber, renal enlargement, perinephric 
fluid, and when visible, a low-signal 
intensity ureteral filling defect on T2-
weighted imaging, which reflects the 
obstructing calculus (Figure 5). Dila-
tation of the ureter caudal to the sacral 
promontory also strongly suggests 
pathologic, rather than physiologic, 
ureteral dilatation. MRI, however, is 
limited in the visualization of small cal-
culi in the ureter owing to poor spatial 
resolution. 

Ovarian torsion 
Ovarian torsion occurs when the ad-

nexa twists on its pedicle, leading to 
vascular compromise. There is a five-
fold increase in the rate of ovarian tor-
sion in pregnant women, occurring 
most frequently in the first trimester.24 
While ovarian torsion in pregnancy can 
occur in a normal ovary due to increased  

FIGURE 7. A 29-year-old woman at 16 weeks’ gestation, presenting with left lower quadrant pain. (A) Axial T2-weighted SSFSE sequence 
demonstrating a gravid uterus. There is an exophytic hypertense mass in continuity with the uterus (arrow) with a thick hypointense rim, consis-
tent with a leiomyoma. (B) T1-weighted out-of-phase gradient echo image demonstrates that the rim of the leiomyoma is higher in signal inten-
sity then surrounding uterine parenchyma (arrow). Findings are consistent with a leiomyoma undergoing hemorrhagic degeneration
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ligamentous laxity, the more common 
scenario involves an ovarian mass, such 
as an enlarged corpus luteal cyst, predis-
posing to torsion.1

MRI features of ovarian torsion in-
clude an enlarged ovary, peripheral-
ization of follicles, and hyperintense, 
edematous, ovarian stroma on T2-
weighted imaging. Fallopian tube thick-
ening and a swirled vascular pedicle can 
also be seen (Figure 6). 

Degenerating leiomyoma
The majority of leiomyomas remain 

asymptomatic during pregnancy. How-
ever, as the uterus enlarges in pregnancy, 
the blood flow to preexisting leiomyo-
mas is altered. When draining veins be-
come obstructed, hemorrhagic infarction 
or so called red degeneration ensues. 
This occurs in approximately 8% of leio-
myomas during pregnancy and can pres-
ent with an acute abdomen.25

The appearance of red degenera-
tion on MRI is variable depending on 
the stage of necrosis. On T1-weighted 
imaging, diffuse high signal inten-
sity is commonly seen and reflects T1 
shortening effects of methemoglobin 
or proteinaceous contents of blood. 
There may also be an isolated hyper-
intense rim on T1-weighted imaging 
surrounding the acutely degenerating 
leiomyoma, thought to be secondary to 
blood product confined to thrombosed 
vessels.25,26  T2-weighted sequences 
demonstrate variable signal intensity 
depending on the age of blood products 
(Figure 7). 

Conclusion
Abdominal pain in pregnancy can 

be a diagnostic challenge for clinicians 

and MRI can serve as a critical imag-
ing tool. MRI is considered a safe im-
aging modality in pregnancy at any 
gestational age. The benefits of MRI in 
pregnancy include multiorgan system 
evaluation without the cost of ionizing 
radiation. Utilizing a standardized MRI 
approach, many common gastrointesti-
nal and genitourinary causes of abdom-
inal pain in pregnancy, such as those 
reviewed in this article, can be accu-
rately diagnosed. 
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