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Acute right lower quadrant 
(RLQ) pain in pregnancy 
presents a unique diagnostic 

challenge, encompassing a broad dif-
ferential of gastrointestinal, gynecolog-
ical, obstetrical, and renal causes. The 
possibility of acute appendicitis must 
be specifically ruled out as it is the most 
common cause of surgical intervention 
in pregnancy and requires urgent man-
agement.1-3 Acute appendicitis has an 
estimated incidence of 1/500 to 1/1500 
pregnancies, with approximately 50% 
of all cases occurring in the second tri-
mester.1,2 Challenges in clinical assess-
ment, diagnostic imaging and greater 
operative risk in the pregnant patient 

contribute to a 15-40% incidence of 
appendiceal perforation and 8% risk of 
fetal loss from acute appendicitis during 
pregnancy.2, 3

 The classic clinical presentation of 
acute appendicitis, including RLQ pain, 
nausea, vomiting, fever, and leukocyto-
sis, is confounded by normal changes in 
maternal physiology during pregnancy. 
Clinical diagnosis is made difficult by 
abdominal pain and changing loca-
tion of the appendix from an enlarg-
ing uterus, nausea and vomiting from 
morning sickness or hyperemesis grav-
idarum, and physiological fever and 
leukocytosis.4 Pregnant patients also 
frequently present atypically and have 

equivocal clinical findings necessitating 
medical imaging for diagnosis.

Diagnostic imaging in pregnancy 
is complicated by risk of fetal terato-
genicity from ionizing radiation from 
computed tomography (CT) imaging. 
Magnetic resonance (MR) imaging 
produces no ionizing radiation and of-
fers excellent spatial and soft-tissue 
resolution of abdominal structures. 
While its use is limited by higher cost, 
lower availability, and longer acqui-
sition time, technological advances in 
fast imaging sequences and reduction 
of motion artifact have made MR im-
aging preferred over CT in pregnant 
patients. The American College of Ra-
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diology currently recommends graded 
compression ultrasound as the first-line 
investigation for suspected appendicitis 
in pregnancy, with MR imaging as the 
second-line investigation if ultrasound 
results are nondiagnostic.5 

In this article, we present our institu-
tion’s MR imaging protocol for evalu-
ation of suspected appendicitis in the 

pregnant patient and illustrate the MR 
imaging appearance of both the normal 
appendix and spectrum of appearances 
of acute appendicitis seen in pregnancy. 
Lastly, we discuss the key MR imaging 
findings of common genitourinary and 
gastrointestinal differential etiologies of 
RLQ pain occurring in pregnancy.

MR Imaging technique
The use of oral and intravenous con-

trast agents in pregnant patients remains 
controversial. Bowel preparation with 
oral contrast agents, such as ferumoxsil 
and barium sulfate, improve visualiza-
tion and are generally considered safe in 
pregnancy.6 However, they have since 
fallen out of favor at many institutions 
with improved MR imaging techniques 
making them unnecessary to fully visu-
alize the appendix. Similarly, intrave-
nous gadolinium contrast aids detection 
of acute appendicitis and many of its 
pathological mimickers, but is gener-
ally avoided in pregnancy due to un-
certain teratogenic risk. Gadolinium 
readily crosses the placenta into fetal 
circulation, although no adverse effects 
to mother or fetus have been described 
in the literature thus far.7 The American 
College of Radiology currently recom-
mends that gadolinium contrast not be 
used routinely in pregnant patients and 
reserved only in situations where the 
potential benefit outweighs the risk.8  

Our institution utilizes a 1.5-Tesla 
MR system with phased array body coil 
for the evaluation of abdominal pain in 
the pregnant patient. Informed consent 
is obtained and the patient is imaged 
in the supine position. We do not rou-
tinely administer oral or intravenous 
contrast. Our multiplanar MR imaging 
protocol consists of axial and coronal 
T2-weighted half-Fourier acquisition 
single-shot turbo spin-echo (HASTE), 
axial T2-weighted HASTE with fat 
saturation, axial T1-weighted gradient 
echo sequences (GRE) in and out-of-

FIGURE 1. Normal appendix of a 25-year-old female at 29 weeks’ gestation with RLQ pain. (A) Axial and (B) coronal T2-weighted HASTE MR 
images demonstrate a normal appendix, seen as a thin T2 hypointense tubular structure (white arrow). No periappendiceal fluid or stranding is 
present. (C) Coronal T2 HASTE imaging demonstrates a normal 29-week fetus (white arrowhead).

FIGURE 2. Acute appendicitis in a 34-year-
old female post-IVF presenting with RLQ pain. 
Multiple (A, B) coronal and (C, D, E) axial 
T2-weighted HASTE MR images demonstrate 
a dilated, fluid-filled, thick-walled appendix 
(white arrow) with hyperintense periappen-
diceal fluid and mesenteric stranding (black 
arrow). A normal intrauterine fetal pole was 
identified (white arrowhead) and a small vol-
ume of free fluid in the pelvis was present 
(black arrowhead).
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phase, axial T1-weighted GRE with fat 
saturation, and axial diffusion-weighted 
imaging (DWI). 

Normal appendix
The normal appendix is a blind-end-

ing tubular structure arising from the 
medial aspect of the cecal base, 1-3 cm 
below the ileocecal valve.9 It is clas-
sically described having an average 
length of 10 cm, wall thickness less 
than 2 mm, and total diameter less than 
6 mm.9 However, recent studies have 
demonstrated up to 42% of normal ap-
pendices were greater than 6 mm in 
diameter when filled with intralumi-
nal air.9, 10 The distal appendix is often 
free-moving within the peritoneal cavity 
and presents in different orientations, 
with the pelvic, retrocecal, and post-il-
eal positions accounting for over 90% 
of cases.11 An appendix in the pelvic po-
sition lies in the peritoneal cavity point-
ing inferomedially towards the pelvis. A 
retrocecal appendix is located posterior 
to the cecum and is frequently a retro-
peritoneal structure. The post-ileal ap-
pendix is found extending posterior to 
the terminal ileum within the peritoneal 
cavity. The second and third trimester 
gravid uterus may also displace the ap-
pendix superiorly into the right upper 
quadrant, up to the level of the L2-L3 
vertebral bodies.12, 13

The normal appendix is filled with air 
and/or oral contrast without evidence 
of periappendiceal edema or inflamma-
tion. It has low signal intensity, approx-
imating that of skeletal muscle on both 
T1 and T2-weighted MR imaging (Fig-
ure 1).14, 15  Intraluminal air in the nor-
mal appendix may also be detected with 
the blooming effect, which produces a 
distinctly hypointense appendix on T2* 
time-of-flight and T1-weighted GRE in-
phase imaging.13, 15  The normal appen-
dix is surrounded by periappendiceal 
fat of normal signal intensity with no 
evidence of edema or inflammation.16 
Direct visualization of a normal appen-
dix without periappendiceal inflamma-
tory changes by MR imaging virtually 
excludes acute appendicitis in the preg-
nant patient.13

FIGURE 3. Hemorrhagic degeneration of fibroid in a 26-year-old female presenting at 26 
weeks’ gestation with RLQ pain. (A) Grayscale and (B) color Doppler sonographic images of 
the RLQ demonstrate a complex, heterogeneous mass adjacent to the uterus, without internal 
flow. MR imaging was subsequently performed for further evaluation.

FIGURE 4. Hemorrhagic degeneration of fibroid in a 26-year-old female presenting at 26 
weeks’ gestation with RLQ pain. (A) Axial T2-weighted HASTE and (B) T1-weighted GRE with 
fat-saturation MR images demonstrate a pedunculated fibroid appearing heterogeneously 
T2 hypointense (white arrow) and T1 hyperintense (black arrow) that does not suppress on 
fat-saturation sequences. The signal characteristics are in keeping with hemorrhagic degener-
ation of the fibroid. A normal 26-week fetus is present (white arrowhead)
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FIGURE 5. Ruptured hemorrhagic ovarian cyst in a 23-year-old female at 24 weeks’ gesta-
tion presenting with pelvic pain. (A) Axial T2-weighted HASTE and (B) T1-weighted GRE MR 
images demonstrate a T1 and T2 hyperintense hemorrhagic cyst within the right ovary (white 
arrow) and a small volume of hemoperitoneum in the cul-de-sac (black arrow). An incidental 
T2 and T1 hypointense fibroid (black arrowhead) was also noted.
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FIGURE 6. Right ovarian dermoid cyst in a 22-year-old female at 8 weeks’ gestation with RLQ pain. (A) Axial T1-weighted GRE, (B) axial 
T1-weighted GRE with fat-saturation, and (C) sagittal T2-weighted HASTE MR images demonstrate a heterogeneous mass arising from the 
right ovary (white arrow), with areas of T1 hyperintensity that demonstrate signal drop out on fat-saturated sequences (black arrow). There is a 
small volume of associated free fluid (black arrowhead) near the gravid uterus.

A B C

FIGURE 7. Ruptured endometrioma in a 35-year-old female with recent in-vitro fertilization and possible pregnancy presenting with RLQ pain 
and fever. (A) Axial T1-weighted GRE with fat-saturation, (B) T2-weighted HASTE with fat-saturation, and (C) coronal T2-weighted steady-state 
MR images demonstrate multiple bilateral ovarian cysts with a dominant endometrioma in the right ovary demonstrating atypical heterogenous 
T1 hyperintensity (white arrow), but characteristic T2 shading (black arrow). Hemorrhagic free fluid is also present within the pelvis (black arrow-
head). 

FIGURE 8. Ovarian torsion in a 29-year-old female at 13 weeks’ gestation. The patient had a history of in-vitro fertilization and ovarian hyper-
stimulation syndrome, and presented with RLQ pain. (A) Axial T2-weighted HASTE with fat-saturation and (B) sagittal T2-weighted HASTE 
MR images demonstrate an enlarged edematous right ovary with multiple follicles and abnormal increased T2 signal within the stroma (white 
arrow). (C) Coronal T2-weighted HASTE MR image demonstrates a mildly enlarged left ovary with normal signal intensity (black arrow) and a 
13-week intrauterine fetus (white arrowhead). Ultrasound was subsequently performed on the patient.
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Acute appendicitis
MR imaging findings suggestive of 

acute appendicitis include an enlarged, 
T2 hyperintense fluid-filled appendix 
with wall thickening and surround-
ing T2 hyperintensity representing 
periappendiceal edema or inflammation 
(Figure 2).15 

Appendiceal diameter greater than 
6 mm and wall thickness greater than 
2 mm are commonly cited criteria sug-
gesting acute inflammation.13  How-
ever, an appendiceal diameter greater 
than 6 mm in isolation of additional 

imaging findings was positive for acute 
appendicitis in only 31% of suspected 
cases.10 Appendiceal wall thickness 
is also difficult to accurately measure 
within the spatial resolution limitations 
of MR imaging and considerable dis-
crepancy has been noted when assess-
ing for wall thickening.10 Filling defects 
within a T2 hyperintense fluid-filled 
appendix may be seen and represents 
either appendicoliths or intraluminal 
air.15 Periappendiceal fat stranding is 
an important early sign of appendicitis, 
appearing as thin bands of T2 hyperin-

tense fluid in the RLQ. Advanced cases 
may develop a periappendiceal phleg-
mon or abscess, appearing as a het-
erogeneous mass of moderate to high 
signal intensity on T2-weighted imag-
ing, as well as ascites in the dependent 
portions of the abdomen and pelvis.15 
If gadolinium contrast is used, the pres-
ence of a thickened enhancing appendi-
ceal wall is further suggestive of acute 
appendicitis.14 The addition of DWI is 
becoming increasingly commonplace 
to improve detection and sensitivity, 
as 98.7% of acute appendicitis cases 
demonstrate high signal intensity or re-
stricted diffusion and are characteristic 
of an acute inflammatory process.17, 18 

Visualization of the normal appendix 
is necessary to definitely exclude acute 
appendicitis, and is achieved in 78-90% 
of non-pregnant patients19, 20 and 87% 
of pregnant women 21, 22 with MR imag-
ing. In contrast, ultrasound is able to vi-
sualize the normal appendix in as few as 
2% of pregnant women.21 With MR im-
aging, non-visualization of the appen-
dix with no evidence of periappendiceal 
inflammation is considered an inde-
terminate finding, but has been shown 
to be negative for acute appendicitis in 
94% of cases.23 

Recent meta-analyses have demon-
strated excellent sensitivity (90-91%) 
and specificity (98-99%) of MR imaging 
for the diagnosis of appendicitis during 
pregnancy.24, 25 Performance is compa-
rable to CT imaging (sensitivity,86%; 
specificity 97%)26 while avoiding expo-
sure to ionizing radiation, making MR 
imaging the preferred adjunct to first-line 
ultrasound examination (sensitivity, 67-
100%; specificity, 83-96%).27 Emergent 
use of MR imaging has been credited 
with reducing both the rate of unneces-
sary laparotomy and appendiceal rup-
ture in pregnant patients.21

Mimickers of acute appendicitis 
Fibroid degeneration

Fibroids, or leiomyomas, are the 
most common benign neoplasm of the 
uterus, with a prevalence of up to 25% 
in reproductive-age women and 3.9% 
in pregnant women.28 Fibroids are usu-

FIGURE 9. Ovarian torsion in a 29-year-old female at 13 weeks’ gestation. (A) Gray scale and 
(B) color Doppler sonographic images demonstrates a markedly enlarged, heterogeneous 
right ovary with globally decreased flow. In contrast, (C) gray scale and (D) color Doppler 
sonographic images show the mildly enlarged contralateral left ovary with normal perfusion. 
Emergent laparoscopy revealed a poorly perfused enlarged right ovary torsed 540 degrees on 
its vascular pedicle. Intraoperative detorsion resulted in immediate reperfusion. 
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ally quiescent and asymptomatic during 
pregnancy, although up to 31% of fi-
broids undergo rapid growth during the 
first trimester from increases in maternal 
estrogen and progesterone.29,30 Red de-
generation describes the hemorrhagic ne-
crosis of a rapidly enlarging fibroid due 
to venous thrombosis of peripheral ves-
sels or rupture of supplying arteries.29,31 
Pelvic pain secondary to red degenera-
tion is one the most common complica-
tion of fibroids during pregnancy. 

Although transvaginal ultrasound is 
the first-line modality for imaging uter-
ine fibroids (Figure 3), MR imaging is 
superior in assessing the size, number 
and location of multiple fibroids in a 
large gravid uterus. Non-degenerated 
fibroids appear as well-circumscribed, 
homogenous masses that are distinctly 
T2 hypointense and T1 isointense com-
pared to normal uterine myometrium.32, 

33 Conversely, fibroids undergoing 
red degeneration demonstrate hetero-
geneous T1 and T2-weighted hyper-
intensity depending on the degree of 
hemorrhage and necrosis (Figure 4).32 
A peripheral rim of T1 hyperintensity 
or T2 hypointensity may also be visu-
alized, representing acute hemorrhage 
from peripheral thrombosed vessels sur-
rounding the mass.34

Hemorrhagic ovarian cysts
Hemorrhagic ovarian cysts typically 

originate from benign functional ovar-
ian, follicular or corpus luteal cysts, 
that have failed to regress, hemorrhaged 
internally and subsequently prone to 
rupture. Follicular cysts are a common 
finding in nearly all women of repro-
ductive age, while corpus luteal cysts 
are particularly prevalent in early preg-
nancy before regressing after 7-8 weeks 
gestational age.35 Functional ovarian 
cysts are usually asymptomatic, but 
a hemorrhagic cyst may cause pelvic 
pain secondary to rapid distension of the 
ovarian capsule or cyst rupture. 

On MR imaging, follicular cysts are 
thin-walled (<3 mm) cystic structures 
between 3-8 mm in diameter, while 
thicker-walled cysts greater than 10 mm 
diameter are more likely corpus luteal 

cysts.35, 36 These functional ovarian cysts 
are filled with serous fluid and demon-
strate homogenous T1 hypointensity 
and T2 hyperintensity, with well-de-
fined T2 hypointense walls. Conversely, 
hemorrhagic ovarian cysts are often 
imaged in the subacute phase and are 
classically hyperintense on both T1 and 
T2-weighted imaging due to blood con-
tents (Figure 5).35, 36 However, their MR 
imaging appearance is variable and de-
pendent on the degree and age of hem-
orrhage. One study found only 36% of 
hemorrhagic cysts demonstrated any 
degree of T1 hyperintensity and the re-
maining 64% appeared uniformly T1 
hypointense.37 This is a useful distin-
guishing feature from endometriomas, 
where over 93% appear predominantly 
hyperintense on T1-weighted imaging.38

Dermoid cysts
Dermoid cysts are benign ovarian 

teratomas and are one of the most com-
mon types of ovarian masses, represent-
ing 20-40% of all ovarian neoplasms.39 
They are cystic masses comprised of at 
least two different types of germ layers 
among ectoderm, mesoderm, and en-
doderm. Thus, dermoid cysts contain 
a combination of adipose, sebaceous, 
calcific, osseous, and hair components. 
The Rokitansky nodule, a common fea-
ture of dermoid cysts, is a solid protu-
berance projecting into the cavity and 
demonstrates particularly dense collec-
tions of germ layer derivatives.40 

Dermoid cysts have a very character-
istic appearance on MR imaging, as they 
most often contain adipose and calcific 
components, which are easily visualized. 
In addition, virtually all lipid-containing 
masses found in the ovaries are dermoid 
cysts.41 Adipose tissue and calcifications 
of teeth are found in 93% and 56% of 
dermoid cysts respectively.42 They typ-
ically present as large cystic structures, 
average diameter of 7 cm, with hetero-
geneous signal intensity. The adipose or 
sebaceous component is visualized as T1 
hyperintense with signal dropout on fat 
suppression sequences, differentiating 
it from hemorrhagic masses, which are 
also typically T1 hyperintense (Figure 

6). Uncommonly, dermoid cysts may 
be fluid-filled and contain only mural 
microscopic fat, in which case it is help-
ful to look for fat signal dropout on T1-
weighted out-of-phase images.43 Teeth, 
bone, hair, serous fluid, and other calci-
fications all appear hypointense with T1-
weighted imaging. The appearance of 
adipose tissue with T2-weighted imag-
ing is more variable, but is typically hy-
perintense relative to skeletal muscle.41 

Endometriomas
Endometriosis describes the presence 

of functional endometrial tissue im-
planted outside the uterus. It is believed 
to affect up to 10% of reproductive-age 
women, but only 2.5% of pregnancies 
as it is associated with higher rates of fe-
male infertility.44 However, with increas-
ing prevalence and efficacy of assisted 
reproductive therapies, the incidence 
of endometriosis in pregnancy appears 
to be rising.45 Endometriosis affects the 
ovaries as endometriomas, but may also 
produce peritoneal implants and adhe-
sions involving the uterine ligaments, 
peritoneum, bowel, and bladder.46

Endometriomas are cyst-like struc-
tures with an interior lining of ectopic 
endometrial tissue that has implanted 
within the ovary. Endometriomas are 
also known as “chocolate cysts” as the 
proliferating endometrial tissue con-
tinues to produce a chocolate-colored 
mixture of blood products within the 
cyst cavity. Endometriomas represent 
11% of ovarian masses detected in 
pregnancy.47 In pregnant women, en-
dometriosis and endometriomas may be 
asymptomatic, or may present with pel-
vic pain as a result of peritoneal inflam-
mation and formation of adhesions.48

The key MR findings of an endo-
metrioma is an ovarian cyst with T1 
hyperintensity with characteristic T2 
shading (Figure 7).38 Endometriomas 
classically demonstrate uniform T1 hy-
perintensity from high concentrations 
of paramagnetic hemoglobin within the 
cyst cavity.49 T2 shading describes low 
signal intensity on T2-weighted imag-
ing as a result of blood products such 
as methemoglobin, protein, and iron 
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that accumulates as endometriomas 
repeatedly hemorrhage.50 Presence of 
multiple internal T1 hyperintense foci 
(multiplicity) is highly suggestive of an 
endometrioma, reflecting multiple cy-
cles of internal hemorrhage and rupture 
of endometriotic cysts.38, 49 Endometri-
omas may respond to increases in pro-
gesterone and undergo decidualization. 
This produces T2 hyperintense mural 
nodules, which are often prominent 
within the typically T2 hypointense cyst 
cavity.50 

Ovarian torsion
Ovarian torsion, a true gynecological 

emergency, describes the twisting of an 
ovary around its ligamentous support, 
compromising its vascular supply and 
leading to irreversible ischemic necrosis. 
It is relatively uncommon at an incidence 
of approximately 1/1000 pregnancies, 
but may affect upwards of 16% of preg-
nancies achieved through ovarian hy-
perstimulation.51 Ovarian torsion occurs 
most commonly in the 1st and 2nd trimes-
ters, attributable to increased ligamen-
tous laxity, rapid uterine growth, and a 
greater number of functional cysts pres-
ent in early pregnancy.51 

MR imaging features of a torsed 
ovary includes an enlarged ovary 
greater than 4 cm in diameter, stromal 
edema or hemorrhage, peripherally lo-
cated cysts, tubal thickening, a twisted 
vascular pedicle, and ipsilateral uterine 
deviation.52 Stromal edema presents as 
diffuse T2-weighted hyperintensity, 
best appreciated with fat-suppression 
sequences and when compared to a 
normal contralateral ovary (Figure 8).15 
Acute to subacute ovarian hemorrhage 
manifests as a peripheral rim of hyper-
intensity on T1-weighted imaging and 
hypointensity on T2-weighted imag-
ing.52 Peripherally located follicles are 
best appreciated on T2-weighted imag-
ing and deviation of the uterus towards 
the torsed ovary was noted in 36-42% 
of cases.53, 54 Ascites and hemoperito-
neum are less common findings that 
may be present depending on the degree 
and chronicity of torsion.53 Ultrasound 
is the typical initial imaging modality 

for suspected ovarian torsion in preg-
nant patients. Sonographic findings are 
similar and include a unilaterally en-
larged ovary with an associated mass, 
peripheral located cysts, a twisted vas-
cular pedicle, and poor vascular perfu-
sion on Doppler ultrasound (Figure 9).55

Conclusion
Assessment of RLQ pain and sus-

pected appendicitis in the pregnant 
patient is made difficult by changes in 
maternal physiology, restrictions to di-
agnostic imaging, and a wide differen-
tial of disease mimickers. MR imaging 
is a safe and effective investigation in 
pregnancy to exclude acute appendicitis 
and simultaneously assess alternative 
genitourinary causes. Familiarity with 
the key MR imaging findings of acute 
appendicitis and its disease mimickers 
allows for accurate and prompt assess-
ment of RLQ pain in the pregnant pa-
tient in an emergency setting.
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