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In recent years, magnetic resonance imaging (MRI) has
become a valuable diagnostic tool for evaluation of acute
abdominal pain in pregnancy. MRI offers an opportunity
to identify the normal or inflamed appendix as well as a
variety of other pathologic conditions that can masquer-
ade clinically as acute appendicitis in pregnant women.
Visualization of the normal appendix by MRI virtually
excludes the diagnosis of acute appendicitis and may
help reduce the negative laparotomy rate in this patient
population. Here we discuss a comprehensive MRI proto-
col for evaluation of pregnant women with abdominal
pain, focusing on the appearance and location of the nor-
mal and diseased appendix, and we describe an approach
to diagnosing acute appendicitis and other conditions
with MRI.
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ACUTE APPENDICITIS occurs in �1 in 1400 to 1 in
6600 pregnancies and is the most common cause of
abdominal pain in pregnancy requiring surgery (1–4).
The clinical diagnosis of appendicitis is more chal-
lenging, as the clinical examination and laboratory
tests are often unhelpful due to the normal anatomi-
cal and physiological alterations that occur during
pregnancy (5). The differential diagnosis is wide, rang-
ing from obstetric, gynecologic, to other abdominal
pathologies such as renal colic. Diagnostic imaging
with ultrasound (US) can be limited due to the
changes in body habitus and computed tomography
(CT) is not desirable due to the radiation dose to the
fetus (6,7). Delay in diagnosis may result in signifi-
cant risk to the fetus, with a fetal mortality of up to
35%–55% reported in patients with perforated appen-
dicitis versus 1.5% for a nonruptured appendix (8,9).

Maternal morbidity is also reduced if the appendix is
intact at the time of surgery.

Magnetic resonance imaging (MRI) has only recently
become a relatively common investigation for acute
abdominal pain in pregnancy (10–13). US is per-
formed initially due to its low cost and availability,
although its efficacy is reduced by technical difficul-
ties from poor penetration from increased abdominal
girth (14,15). The multiplanar capacity of MRI and
excellent soft tissue contrast coupled with the lack of
ionizing radiation makes it the optimal test for acute
appendicitis if the appendix is not visualized with US.
This article reviews a comprehensive MRI protocol for
evaluation of the pregnant abdomen, highlights the
appearance and location of the normal and diseased
appendix, and describes an approach to diagnosing
acute appendicitis with MRI.

MRI TECHNIQUE

The American College of Radiologists has indicated
that pregnant patients should undergo MRI evalua-
tion, irrespective of the gestational age, when MRI rep-
resents the only means for obtaining the diagnosis
and the results of the study have the potential to
affect the patient’s management (16). In the authors’
institutions, written informed consent is obtained
from all patients before the MRI examination. Patients
receive an oral contrast preparation containing 450
mL of ferumoxsil (Gastromark; Mallinckrodt Medical,
St. Louis, MO) combined with 300 mL of barium sul-
fate (Readi-Cat 2; E-Z-Em, Westbury, NY) 1.5 hours
before the MRI study. The oral preparation acts as a
negative contrast agent (ie, dark signal) on both T1-
and T2-weighted imaging sequences without causing
considerable susceptibility artifact. Several authors
have proposed a nonoral contrast technique with good

Table 1

MRI Protocol for Pregnant Patients With Suspected Appendicitis

Coronal

single-shot

FSE

Axial

single-shot

FSE

Sagittal

single-shot

FSE

Axial 2D FS

single-shot

FSE

IP and OP

2D T1W

GRE 2D TOF DWI

Sequence type Single shot Single shot Single shot Single shot GRE GRE

Repetition time (msec) 800–1100 800–1100 800–1100 800–1100 205 30.0 10,000

Echo time (msec) 60 60 60 60 2.2/4.5 60 60–85

Flip Angle (degrees) 130–155 130–155 130–155 130–155 80 45

2D or 3D 2D 2D 2D 2D 2D 2D 2D

Section thickness (mm) 4 4 4 4 5 3 5

Gap (mm) 1 1 1 1 2 1 0

Field of View (mm) 350 350 350 350 350 350 320

Number of partitions or Sections 20 20 20 20 32 24 48

Orientation Coronal Axial Sagittal Axial Axial Axial Axial

Phase x frequency steps 192x256 192x256 192x256 192x256 160x256 128x256 64x64

Rectangular Field of View No 0.75 0.75 0.75 0.75 0.75 0.75

Fat Suppression No No No Yes No No Yes

Single or multiple shots Single Single Single Single Multiple Multiple Single

Bandwidth (kHz)b 62.5 62.5 62.5 62.5 62.5 31.25

Breathold Yes Yes Yes Yes Yes Yes Yes

b-value (sec/mm2) 850–1000
aFSE, fast spin echo; FS, fat-saturated; IP, in-phase; OP, opposed phase; T1W, T1 weighted; GRE, gradient echo; TOF, time of flight;

DWI, diffusion weighted imaging.
b62.5 kHz ¼ 488 Hz/pixel, 31.25 kHz ¼ 244 Hz/pixel.
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results (ie, similar sensitivity and specificity as that of
those using oral contrast), although these focused pri-
marily on the diagnostic accuracy of MRI (12,17–19).
The oral contrast may be an invaluable component of
the examination, however, as it increases the confi-
dence in visualizing the normal appendix and possibly
affects surgical outcomes by avoiding unnecessary
laparotomies (20). Reports about the impact of MRI
on surgical outcomes using an MRI protocol without
oral contrast are lacking at the moment. Intravenous
gadolinium-based contrast agents are not adminis-
tered, as they have been shown to cross the placenta,
and the long-term consequences of gadolinium expo-
sure to the fetus are unknown (21). We perform MRI
examinations on a 1.5-T system with the patient in
the supine position and with a multichannel body
phased-array coil (12–16 elements). The parameters of
the sequences employed are detailed in Table 1. All
MRI studies are monitored by a radiologist to ensure
appropriate anatomic coverage. Furthermore, if the
oral contrast has not reached the cecum at this point,
the patient may be reimaged after a short time inter-
val to allow the contrast to progress into the colon if
needed. All sequences in the study are performed
during suspended end expiration lasting up to 20 sec-
onds. Total imaging time is �30 minutes.

The T2-weighted half-Fourier single-shot fast spin-
echo (SSFSE) images are initially assessed for anatomic

localization of the appendix in the axial, sagittal, and
coronal plane. In addition, axial SSFSE images are
obtained using frequency-selective fat saturation to bet-
ter identify regions of edema, inflammation, and fluid.
The half-Fourier strategy provides the opportunity for
very fast SSFSE acquisitions, with each image obtained
in �1 second. Moreover, because SSFSE images are
acquired sequentially, they are relatively motion-insen-
sitive compared to standard spin echo T2-weighted
imaging. Limited maternal breathholding capacity and
fetal motion are particular problems encountered in
MRI in pregnancy and the SSFSE sequences perform
reliably in this clinical setting (22,23).

Transverse 2D time-of-flight (TOF) T2*-weighted
gradient-echo images are used to differentiate the ap-
pendix from distended pelvic and retroperitoneal ves-
sels, which can easily simulate the appendix on
SSFSE imaging (23). In addition, these images can
help confirm the presence of air and/or oral contrast
in the lumen of the appendix (see Normal Appendix,
below), both of which indicate the absence of acute
inflammation.

Axial T1-weighted in-phase and opposed-phase gra-
dient echo (GRE) imaging is helpful in characterizing
soft tissue lesions by allowing one to differentiate

Figure 1. Coronal SSFSE T2-weighted imaging of a 26-year-
old woman at 7 weeks gestational age and abdominal pain
demonstrating a normal appendix (arrow) measuring less
than 6 mm in diameter and without appreciable intraluminal
fluid.

Figure 2. A 21-year-old woman at 15 weeks gestational age
with right lower quadrant pain. Axial in-phase (a) image
shows blooming of the normal appendix (arrow) compared
with the out-of-phase image (b, arrow), indicating the pres-
ence of air and/or oral contrast in its lumen.
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lipid, hemorrhagic, and proteinaceous content. Addi-
tionally, these sequences can identify areas of
magnetic susceptibility, such as air, hemosiderin, or
calcium (22,23).

Diffusion-weighted MRI (DWI) with quantitative
measurements of apparent diffusion coefficient (ADC)
values is an increasingly applied technique in abdomi-
nal imaging due to its ability to depict areas of inflam-
mation and characterize neoplastic lesions without the
need for intravenous contrast administration (24,25).
DWI has shown potential in the evaluation of acute ap-
pendicitis (26); however, to our knowledge, its use has
not been systematically studied in pregnancy. The
authors use a respiratory triggered, axial, single-shot
echo-planar diffusion-weighted sequence with B-values
of 0 and 850 sec/mm2. Fat saturation strategies,
including frequency selective pulses and inversion re-
covery techniques, are helpful to improve saturation of
background signal and detection of pathologic proc-
esses. Respiratory triggering improves anatomic core-
gistration and minimizes artifacts related to respiratory
motion. However, the use of respiratory bellows can be
challenging, especially in the third trimester, as the
gravid uterus may result in shallow respiration, which
may not trigger the image acquisition (27,28).

NORMAL APPENDIX

The normal appendix is a blind-ending tubular struc-
ture arising 1–3 cm inferior to the ileocecal valve at
the medial aspect of the cecum (29). It measures an
average of 10 cm in length, and has a wall thickness
of 2 mm. The appendix is considered normal when its
diameter is equal to or less than 6 mm and/or it is
filled with oral contrast material, air, or both (Fig. 1).
Both air and oral contrast within the normal appendix
are of low signal intensity on T1- and T2-weighted
images and become more prominent on T2*-weighted
images (TOF and T1-weighted GRE images) due to the
blooming effect from magnetic susceptibility (13,30).
Because the blooming effect increases proportionally
to the echo time (TE), it is more pronounced on the
TOF images than that of the GRE images in our proto-
col; and, in the latter, the blooming effect is similarly
more evident on the in-phase images than the

Figure 3. A 41-year-old woman at 18 weeks gestational age
with right lower quadrant pain. Axial T2-weighted SSFSE image
(a) shows two hypointense tubular structures in the anterior ab-
domen adjacent to the gravid uterus (U). Axial T2*-weighted gra-
dient-echo images (b) at the same level demonstrates flow within
the posterior structure (arrowhead), which represents a venous
collateral of the gonadal vein. Note the blooming (ie, low signal
intensity) of the normal appendix (arrow) owing to the presence
of air and/or negative oral contrast agent in its lumen.

Figure 4. Contiguous time-of-flight T2*-weighted gradient echo images of a 21-year-old woman at 31 weeks gestational age
acquired sagittally through the cecum in this patient for better demonstration of the anatomy. Note anterior tilting of the ce-
cum (white arrow in a) and elevation of the terminal ileum (black arrow in a–c) relative to the normally oriented ascending co-
lon (white arrowheads). The appendix (white arrow in c) is demonstrated in an elevated location due to displacement of the
normal anatomy by the gravid uterus (U).
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opposed-phase images (Fig. 2a,b). In the absence of
oral contrast, the normal appendix is seen as a cord-
like structure of intermediate signal intensity, similar
to that of the bowel wall (29). Dilated retroperitoneal
and pelvic veins, in particular the gonadal veins dur-
ing the second and third trimester, can simulate the
normal appendix on SSFSE sequences. Flow within
the vessels on axial TOF T2*-weighted GRE images is
useful in differentiating the appendix from vessels
(Fig. 3) (28).

Figure 5. Coronal SSFSE T2-weighted imaging of a 41-year-
old woman with a twin pregnancy at 26 weeks gestational
age and right-sided abdominal pain demonstrates an
inflamed appendix containing intraluminal fluid that is
bright on T2-weighted imaging (arrow). Findings are consist-
ent with acute appendicitis, which was confirmed after
appendectomy.

Figure 6. Axial SSFSE T2-weighted imaging of a 21-year-old
woman at 30 weeks gestational age with right lower quad-
rant pain demonstrating a thick walled appendix with high
signal intensity in the lumen (arrow) and periappendiceal fat
stranding (arrowheads). Uncomplicated acute appendicitis
was confirmed at surgery and histopathology.

Figure 7. a–c: Axial T2-weighted SSFSE image (a) of a 21-
year-old woman at 24 weeks gestational age with right-sided
abdominal pain shows an appendicolith in the base of a
fluid-filled, distended appendix (arrow) located behind the
gravid uterus (U). Note better delineation of two adjacent
appendicoliths in the T1-weighted gradient echo in-phase
image (b, arrow) compared to the out-of-phase image (c,
arrow) due to the longer echo time in the former, allowing for
blooming of the calcified appendoliths. Acute appendicitis
with appendicoliths was confirmed at surgery.
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Visualization rates for the normal appendix on MRI
range from 86%–90% in the nongravid state to 87%–
89% in pregnant patients (12,30,31), Identifying the ap-
pendix is extremely important, as a normal appendix on
MRI virtually excludes acute appendicitis as a cause for
abdominal pain with a reported negative predictive
value of 100% (20). Identification of the appendix in the
later stages of pregnancy can be challenging due to
alterations in anatomy from the enlarging gravid uterus
(Fig. 4). While the appendix can be superiorly displaced,
there is only a moderate correlation between gestational
age and the anatomic level of the appendix (32).

Lee et al (32) previously described the cecal tilt
angle to localize the appendix on MRI. While the
authors do not measure the cecal tilt angle routinely,
it is helpful to assess the general orientation of the ce-
cum as it facilitates finding the normal appendix. A

cecal tilt angle of >90� (ie, tip of the cecum pointing
anteriorly and superiorly relative to the inflexion
point) is predictive of an appendiceal base level above
the level of the fourth lumbar vertebral body with a
specificity of 98% (32) (Fig. 3a,b).

ACUTE APPENDICITIS

The inflamed appendix is thickened, usually >7 mm in
diameter (ie, outer wall-to-outer wall) on SSFSE
sequences containing high-signal-intensity fluid within
the lumen on T2-weighted imaging and frequently with
peri-appendiceal fat stranding (Figs. 5,6) (10–
13,27,31). As the material within the appendi-
ceal lumen becomes more purulent, its signal intensity
on the T2-weighted imaging can decrease, although the
characteristic large appendiceal diameter in purulent
appendicitis makes the diagnosis unequivocal.

Appendicoliths will appear as low signal intensity
rounded structures on all imaging sequences. Appen-
dicoliths can mimic the appearance of air; however,
when combined with dilatation of the appendix dis-
tally appendiceal obstruction can be implied (27).
Axial T1-weighted in- and out-phase GRE images are
useful in demonstrating blooming from a calcified
appendicolith (Fig. 7a–c).

An appendix that measures 6–7 mm without evidence
of oral contrast material or air in its lumen is consid-
ered an indeterminate finding; in these cases, ancillary
findings (eg, periappendiceal fat stranding, presence of
phlegmon, abscess, and cecal wall thickening) are help-
ful in confirming the diagnosis of appendicitis. Periap-
pendiceal fat stranding may be identified as thin linear
bands of high-signal-intensity fluid on T2-weighted
imaging and are supportive of the diagnosis (Fig. 8).
Periappendiceal inflammatory change is often more
prominent on fat-saturated T2-weighted sequences. In
early cases of acute appendicitis the presence of periap-
pendiceal edema can precede luminal dilatation and
appendiceal wall thickening (27). A phlegmon can pres-
ent on MRI as an ill-defined mass of heterogeneous
moderate to high signal intensity on T2-weighted imag-
ing (19,27,33). Subsequent abscess formation appears
as a well-demarcated periappendiceal fluid collection
that is of high signal on T2-weighted imaging. (27,33).
Wall thickening of the cecum can also be seen in con-
junction with acute appendicitis (34). A small amount
of free fluid in the pelvis and/or paracolic gutters can
be a normal finding during pregnancy and is not a
helpful diagnostic clue. On DWI, the inflamed appendix
demonstrates restricted diffusion and this can increase
the conspicuity of the abnormal appendix (Fig. 9). A
recent study assessing the efficacy of DWI in diagnos-
ing acute appendicitis in nonpregnant patients showed
a positive predictive value of 98.7% and a negative pre-
dictive value of 100% (26).

IMPACT OF MRI ON SURGICAL OUTCOMES

The sensitivity of MRI for diagnosing acute appendici-
tis has been reported from 90%–100% with a specific-
ity of 94%–98% (19,27). Despite the excellent

Figure 8. Coronal (a) and axial (b) T2-weighted SSFSE
images of a 31-year-old woman at 19 weeks gestational age
with acute right lower quadrant pain demonstrating a dilated
appendix (arrow) with thin linear high-signal intensity bands
(arrowheads) in the periappendiceal fat consistent with
inflammation (arrow). Acute appendicitis was confirmed at
surgery and histopathology.
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performance of MRI, a study in 2007 of academic
institutions in the United States found that CT was
preferred to MRI in assessing suspected appendicitis

in the second and third trimester (35). Some of the
bias towards CT may be related to out-of-hour’s
access to MRI and the complexity, length, and cost of
MRI examinations. Some of these impediments may
prevent the more widespread use of MRI in the acute
setting, although practices may change in the near
future with the increased awareness among physi-
cians and the public about the potential risks of radi-
ation exposure (36).

Negative laparotomy rates (NLR) and perforation
rates (PR) are commonly accepted outcome indicators
in the setting of clinically suspected acute appendici-
tis. Prior to the advent of radiological imaging, an NLR
of 20% was accepted in nonpregnant patients, to
avoid a high PR (37,38). However, in the pregnant
population, given the risk to the fetus from high mor-
tality associated with maternal appendiceal perfora-
tion, previously published NLR are as high as 25%–
50% with PR varying around 22%–57% (8,9,39).

US has had variable results in the diagnosis of ap-
pendicitis in pregnancy with a negative predictive
value of a nonvisualized appendix at best of 90% (14).
At US only 2% of normal appendices are visualized
compared to 87% at MRI (20). It was seen that CT had
a favorable effect on the NLR without increasing the
perforation rate, particularly in this patient popula-
tion, although the radiation exposure and risk to the
fetus was undesirable (39–42). The authors have pre-
viously documented an NLR of 30% with MRI in preg-
nant patients (20), which was higher than the rate
achieved by Balthazar et al (39) of 8.3% using CT in
nonpregnant patients of childbearing age. However, if

Figure 9. A 30-year-old woman at 15 weeks gestational age with right lower quadrant abdominal pain. Coronal T2-weighted
SSFSE image (a) shows a mildly distended, fluid-filled appendix (arrow) with periappendiceal inflammation (arrowhead).
Axial T2-weighted SSFSE (b) confirms these findings and shows greater degree of distension of the distal (ie, tip) aspect of the
appendix (white arrow) relative to the base (black arrow). Axial DWI image (c) at the same level demonstrates marked hyperin-
tensity in the inflamed appendix. Perforated appendicitis was confirmed at histopathology after laparoscopic appendectomy.

Table 2

Differential Diagnosis of Nonobstetrical Causes of Acute

Abdominal Pain in Pregnancy

Nonobstetrical Obstetrical

Surgicala Labor

Acute appendicitis Preterm labor

Adnexal torsion Abruptio placenta

Ectopic/heterotopic pregnancy Round ligament pain

Chorioamnionitis

Nonsurgicalb Uterine rupture

Urological

Urinary calculi

Urinary Tract Infection/Pyelonephritis

Gastrointestinal

Cholecystitis

Inflammatory bowel disease

Pancreatitis

Bowel obstruction

Gastritis

Mesenteric adenitis

Gynecological

Degenerating fibroids

Adnexal mass

Pelvic inflammatory disease

Other

Domestic violence
aCommonly treated with surgery.
bMost frequently managed nonsurgically.
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the decision for surgery was based on negative MRI
findings, then the adjusted NLR in that study would
have been 7%, which is similar to other published
studies (12,39). Indeed, in the authors’ experience the
visualization of a normal appendix at MRI virtually
excludes the diagnosis of acute appendicitis. Also, the
perforation rate of 21% was similar to the 19%
reported by Balthazar et al (39) and more favorable
than other studies (12).

DIFFERENTIAL DIAGNOSIS

There is a broad range of conditions causing abdomi-
nal pain in pregnancy, as outlined in Table 2 (43).
The main gynecological surgical emergencies that
must be excluded include ectopic pregnancy and
ovarian torsion. In ectopic pregnancy, MRI is useful if
US imaging is inconclusive, the clinical suspicion is
high, and a prompt diagnosis is required (44,45). The
MRI findings in ovarian torsion can vary depending

Figure 10. A 35-year-old woman at 15 weeks gestational age presenting with acute lower abdominal pain. Axial T2-weighted
SSFSE image (a) of the pelvis demonstrates a largemass (asterisk) arising from the lateral aspect of the uterus (U) demonstrating dif-
fuse mild increased signal intensity compared to that of skeletal muscle. Axial DWI images obtained with b ¼ 0 (b) and b ¼ 1000 (c)
and corresponding ADCmap (d) demonstrates marked restricted diffusion in the fibroid, consistent with acute degeneration.

Figure 11. Coronal (a) and sagittal (b) SSFSE of a 25-year-old woman at 32 weeks gestation and right-sided abdominal
pain showing persistent filling defect in the proximal right ureter consistent with a stone (arrow).
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on the stage of the disease. Initially, there is ovarian
enlargement secondary to stromal edema, which is
appreciated by diffuse high signal intensity on T2-
weighted imaging. Fat-saturation sequences improve
the detection of edema on T2-weighted imaging. As
ovarian torsion progresses the signal intensity may
change due to the presence of hemorrhage and necro-
sis. Decreased signal on both T1- and T2-weighted
imaging indicates hemorrhagic infarction. Other ancil-
lary findings include tubal thickening, increased sig-
nal intensity on T2-weighted imaging within the fallo-
pian tube, deviation of the uterus to the side of the
torsion, and a twisted vascular pedicle (46,47).

Leiomyomas can enlarge during pregnancy and if
they outgrow their blood supply can degenerate. Red
degeneration, a hemorrhagic infarction that occurs
secondary to venous thrombosis, is the most common
subtype of degeneration occurring during pregnancy.
However, in the authors’ experience pregnant patients
presenting with an acute onset of abdominal pain
related to fibroid degeneration usually exhibit diffuse
edema of the fibroid prior to the development of frank
necrosis. At this stage, uterine leiomyomas demon-
strate diffuse high signal intensity on T2-weighted
images and a characteristic restricted diffusion on
DWI (Fig. 10). Diffuse or peripheral high signal on T1-
weighted imaging and variable signal on T2-weighted
imaging are typically present in leiomyomas under-
going frank hemorrhagic degeneration (48–50). Fibroid
degeneration as the cause of abdominal pain is usu-
ally a diagnosis of exclusion in patients with no other
cause identified and obvious findings on MRI. Occa-
sionally, identification and compression of the fibroid
with a US probe can replicate the pain and confirm
this diagnosis.

Pathological processes involving the gastrointestinal
tract in pregnancy include primarily inflammatory
bowel disease, diverticulitis, and obstruction. MRI
allows exquisite visualization of the small and large
bowel. Bowel wall edema is best appreciated on FS T2-
weighted SSFSE images as a band of increased signal
intensity within the thickened wall. Complications of
bowel inflammation including fistulas and abscesses
can be accurately seen at MRI (51,52). SSFSE images
have shown excellent sensitivity for detection of bowel
obstruction and demonstrate the cause of the obstruc-
tion in �50% of these patients (53)

The utility of MRI in detecting nephro- and ureteroli-
thiasis has been reported in nonpregnant and pregnant
patients using T2-weighted half-Fourier SSFSE sequen-
ces (54–56). Hydronephrosis related to pregnancy can
be readily recognized, as the gravid uterus is seen to
compress the ureter against the psoas muscle posteri-
orly at the level of the sacral promontory. Ureteral
stones are recognized on SSFSE images as filling
defects of low signal intensity. Care should be taken to
ensure that flow in the ureter is not mistaken for a cal-
culus on T2-weighted SSFSE images; flow-related filling
defects within the ureter do not persist on different
imaging planes, whereas real stones persist in multiple
acquisitions (Fig. 11). Fast imaging with a steady-state
precession technique (eg, true FISP [Siemens Medical
Solutions, Malvern, PA], FIESTA [GE Healthcare, Wau-

kesha, WI], or balanced FFE [Philips Medical System,
Andover, MA]) may be used to identify calculi in the dis-
tal ureter. A 3D version of a steady-state precession
sequence allows improved signal-to-noise ratio, thinner
slices, and multiplanar reformations to facilitate recog-
nition of the stone.

CONCLUSION

Identification of the appendix, whether healthy or
inflamed, is crucial in the clinical management of preg-
nant patients with suspected acute appendicitis. MRI is
an extremely sensitive test for acute appendicitis and
visualization of the normal appendix virtually excludes
acute appendicitis. The technique described is relatively
simple and reliable and provides a systematic evalua-
tion of the entire abdomen and pelvis, enabling imaging
of a wide range of differential diagnoses.
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