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Abstract

Magnetic resonance (MR) imaging can be
used as a primary or secondary modality in
the evaluation of acute pelvic pain in women.
MR avoids the ionizing radiation exposure
of computed tomography (CT) and provides
a larger field of view with greater detail than
ultrasound. This chapter first addresses prac-
tical considerations including scanner
strength, intravenous gadolinium contrast
use, and essential MR sequences. Then pel-
vic inflammatory disease, ectopic pregnancy,
and ovarian torsion are reviewed with an
emphasis on the MR imaging findings. At
the end of this chapter, the reader should be
able to structure an MR protocol, implement
it in an emergency department setting, and
recognize the common causes of acute pel-
vic pain on MR.
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11.1 Introduction

Magnetic resonance (MR) imaging has sufficient
spatial resolution and soft-tissue contrast to accu-
rately diagnose most disease processes present-
ing as acute pelvic pain. Ultrasound (US) is the
preferred initial modality used for the evaluation
of pelvic pain due to its low cost and absence of
ionizing radiation, but US has limitations, and
additional cross-sectional imaging is often
needed in women presenting with acute pelvic
pain. In a study of pregnant women presenting
with acute pain, 30% of CT scans performed
after a normal US showed acute pathology [1].
CT is widely available, but growing societal con-
cern over ionizing radiation has led to increased
use of MR in place of CT, particularly in chil-
dren, women of reproductive age, and pregnant
women.

MR imaging is now available 24/7 in many
hospitals with busy emergencies departments,
driven in part by neuroimaging, and can be an
effective tool for body imagers. Radiologists can
facilitate adoption of MR in the emergency
department by streamlining patient screening/
scheduling, developing efficient MR protocols,
and ensuring that the radiologists responsible for
covering the emergency department are familiar
with acute MR findings. Most gynecologic emer-
gencies are traditionally characterized with ultra-
sound, and many radiologists in the past have not
been exposed to MR imaging of acute pelvic pain
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during training. The classic US findings are often
translatable to MR, however, and much of the
literature promoting the use of MR for acute
body imaging is descriptive [2—7]. Peer-reviewed
scientific publications are more limited, but have
revealed instances when MR can be prognostic or
affect patient management.

This chapter will address the practical aspects
of implementing MR imaging for acute pelvic
pain in the ER, and then will review the MR fea-
tures of the most common gynecologic
emergencies.

11.2 MR Protocol
11.2.1 Magnetic Strength

Both 1.5 Tesla and 3 Tesla MR scanners can be
used to image the female pelvis, with minor
trade-offs in image quality, acquisition time, and
availability. A comparison of 1.5 T and 3 T MR
imaging of the female pelvis showed similar
overall image quality [8], with increased motion
artifacts on 1.5 T images, and increased inhomo-
geneity on 3 T images. Qualitative evaluation of
the cervix, vagina, and ovaries was better at 3 T
than at 1.5 T. The improved spatial resolution of
3 T may be necessary for staging gynecological
malignancy [9], but the minor differences in
image quality are unlikely to impact the diagno-
sis of acute pathology. An optimized 3 T proto-
col just can permit fast acquisitions (less than
10 min) which are motion insensitive and high
resolution [10], but 1.5 T scanners are more
widely available and have less competition with
acute neuroimaging examinations for MR scan-
ner time. 3 T scanners are preferable for pelvic
imaging, but quality diagnostic imaging can be
achieved with either field strength with opti-
mized protocols.

In pregnant women there are theoretical risks of
fetal heating and fetal hearing damage from MR
scanning. No adverse effects have been reported in
any trimester at 1.5 T or 3 T, to our knowledge;
however, the American College of Radiology
guidelines on MR safety recommend screening of
reproductive age women for pregnancy before
MR, but there is no contraindication to MR

imaging at 3 T or 1.5 T during the first trimester, or
at any other point during pregnancy. Some institu-
tions may choose to obtain written informed con-
sent prior to MR scanning in known pregnant
patients, but this is not a universal practice [11].
The radiologist ideally should monitor these
examinations and use only the necessary sequences
in pregnant patients.

11.2.2 Gadolinium Contrast

Gadolinium-based intravenous contrast agents
are routinely used when imaging the female pel-
vis, if not contraindicated due to allergy, impaired
renal function, or pregnancy. Intravenous con-
trast is not as essential for MR imaging of the
pelvis as it is for CT, since enhancement patterns
are often less important than anatomic and mor-
phologic changes evident on noncontrast
imaging.

Gadolinium-based intravenous contrast agents
have a good safety profile in properly selected
nonpregnant patients. Mild nonallergic adverse
reactions are much more common than allergic
reactions, and fatal reactions are rarely reported
[12]. There is little evidence to support premedi-
cation with corticosteroids and diphenhydramine,
but premedication is still recommended in the
rare person with a prior allergic reaction to
gadolinium-based intravenous contrast agents.
Where the reaction was mild/relatively mild, and
the repeat use of IV gadolinium contrast material
is otherwise indicated. Premedication prior to
intravenous gadolinium is not recommended in
those with documented allergy to iodinated con-
trast agents or “shellfish.”

Patients with impaired renal function are at
risk for the development of systemic nephrogenic
fibrosis, and gadolinium-based intravenous con-
trast agents should be restricted in patients with a
glomerular filtration rate of 15-30 mL/
min/1.73 m? and should be avoided in patients
with a glomerular filtration rate of <15 mL/
min/1.73 m? If gadolinium is to be administered
to a patient with impaired renal function,
lower-risk gadolinium-based agents including
gadobutrol (Gadovist®, Gadavist®), gadoterate
meglumine (Dotarem®  Magnescope®), or
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gadoteridol (Prohance®) should be used when
available [13].

GBCAs are not routinely administered to preg-
nant patients or to patients with suspected preg-
nancy. No adverse outcome to the mother or fetus
in humans has been reported after GBCA admin-
istration to our knowledge, but no large trial has
assessed its safety. GBCAs have been shown to
cross the placenta and to accumulate in amniotic
fluid. This creates the potential for prolonged gad-
olinium exposure to the fetus and mother, and a
theoretical risk of connective tissue disease. The
limited potential benefit of GBCAs administra-
tion in pregnant women outweighs potential risks
in most patients [12]. GBCAs administration can
be considered selectively in patients with nonvia-
ble pregnancy, known extrauterine gestation, or
pregnancy of unknown location.

11.2.3 Essential MR Sequences

T2-weighted sequences are the foundation of
pelvic MR imaging, with T1-weighted in- and
opposed-phase,  post-contrast ~ T1-weighted,
diffusion-weighted, and balance steady-state free-
precession sequences adding complementary
information. A basic examination should start
with partial Fourier single-shot turbo spin-echo
sequences (HASTE, SS-TSE, SS-FSE) in the cor-
onal, axial, and sagittal planes, a T2-weighted fast
spin-echo sequence with fat suppression in the
axial plane, and T1-weighted in- and opposed-
phase sequences in the axial plane.

The single-shot turbo spin-echo sequences are
preferably breath-hold acquisitions, but can be
performed with free breathing. They are rela-
tively motion insensitive and often provide suffi-
cient anatomic detail for initial differential
diagnosis. The axial T2-weighted turbo spin-
echo (TSE) sequence with fat suppression (FS)
complements the single-shot technique by
increasing the conspicuity of cysts, free fluid,
edema, and inflammation. The axial gradient-
recalled echo (GRE) TI-weighted in- and
opposed-phase sequence helps with the identifi-
cation of blood products, fat-containing masses -
particularly dermoid cysts - and can accentuate
pathologic gas.

If gadolinium-based intravenous contrast
agents are used, an axial pre-contrast T1-weighted
gradient-recalled echo (GRE) sequence with fat
suppression (VIBE, LAVA, or THRIVE) pre-
cedes a post-contrast sequence, with the same
imaging parameters. Sagittal and coronal post-
contrast images are often helpful and may be
added if the examination is not time constrained.
Post-contrast imaging permits characterization of
focal abnormalities, hyperemic or inflamed tis-
sue, demonstrates vessel patency, and may show
nonenhancement of a torsed ovary. If intravenous
gadolinium is not administered, a steady-state
free-precession sequence (TrueFISP, Balanced
FFE, or FIESTA) can be added to characterize
the patency of the pelvic vasculature.

Diffusion-weighted imaging (DWI) should be
considered in all patients undergoing pelvic MR
and is increasingly seen as an essential sequence
with a growing body of evidence supporting its
use. Abscesses, masses, lymphadenopathy, and
inflammation are made more conspicuous on
DWI. Small studies have shown improved char-
acterization of pelvic inflammatory disease [14],
ovarian vein thrombophlebitis, and hemorrhagic
infarction of a torsed ovary [15, 16] when DWTI is
employed. If high-quality DWI is routinely
obtained, the low B-value sequence may function
in place of the axial T2 fast spin-echo fat-
suppressed sequence, to save time, as low B-value
DWTI is essentially a heavily T2-weighted fat-
suppressed sequence.

11.3 Pelvic Inflammatory Disease
11.3.1 Background

Pelvic inflammatory disease (PID) is classified
into three distinct subtypes: acute, subacute, and
chronic. Acute PID manifests in less than 30 days
and often presents with acute pelvic pain, vaginal
discharge, abnormal vaginal bleeding, dyspareu-
nia, and dysuria. It is caused by ascending infec-
tion of sexually transmitted diseases, bacterial
vaginosis, or gastrointestinal or respiratory flora
colonized in the vagina [17, 18]. The ascending
infection progresses along a continuum from
cervicitis to endometritis, salpingitis,
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tubo-ovarian abscess, and peritonitis [19, 20].
Acute PID occasionally presents as right upper
quadrant abdominal pain due to peritoneal spread
of infection resulting in perihepatitis, also known
as Fitz-Hugh-Curtis syndrome [21, 22], with
recent reports showing perihepatitis in upwards
of 50% of patients with PID [23]. Subclinical
PID is a low-grade infection, typically caused by
chlamydia or gonorrhea, and often manifests as
tubal occlusion-related infertility. It may be inci-
dentally detected as an asymptomatic hydrosal-
pinx on MR, but rarely presents as acute pain.
Chronic PID is relatively rare and is associated
with Mycobacterium tuberculosis and actinomy-
cosis infection. The sensitivity of MR for reveal-
ing subtle inflammation makes it a useful tool to
reinforce the clinical and laboratory signs of pel-
vic inflammatory disease and can impact treat-
ment planning [18].

11.3.2 Epidemiology

The U.S. Centers for Disease Control estimate
the lifetime prevalence of pelvic inflammatory
disease (PID) to be 4.4%, with approximately 2.5
million American women age 14-44 experienc-
ing at least 1 episode [24]. The incidence of PID
has been decreasing in North America and
Europe over the past 30 years [25, 26], possibly
due to improved screening for chlamydia and
gonorrhea in asymptomatic sexually active
women [27].

Risk factors for pelvic inflammatory disease
include prior incidence of sexually transmitted
infection, early first sexual encounter, increasing
number of partners, and homosexual or bisexual
orientation. No difference in prevalence was
found with age, race, ethnicity, or socio-economic
status [24].

11.3.3 MRFindings

Cervicitis commonly presents as mucopurulent
endocervicitis, with approximately 40% of cases
due to gonorrhea, chlamydia, or trichinosis, and

60% of cases due to unknown pathogens [28, 29].
Visual inspection demonstrates mucopurulent
discharge from the cervix, with easily inducible
bleeding, and >10 white blood cells on gram
stain. Isolated cervical infection is often asymp-
tomatic and is diagnosed on routine physical
examination or on sexually transmitted disease
screening.

MR imaging of isolated cervicitis may be nor-
mal, but a spectrum of nonspecific findings may
increase the suspicion for infection. The normal
cervix has three defined layers on T2-weighted
sequences, with a T2 hyperintense endocervical
inner layer, a T2 hypointense fibrous stroma, and
a T2 intermediate signal cervical myometrium
[30-32] (Fig. 11.1). When infection is present,
the cervix may enlarge, and the endocervical tis-
sue may thicken. The thickened endocervix can
show hyperenhancement on post-contrast images.
Parametrial fat stranding related to inflammation
may cause the outer margin of the cervix to
become indistinct [33, 34] on T2- and
T1-weighted MR images (Fig. 11.2). In subacute
and chronic infection, focal T2 hyperintense, and
T1 intermediate to hyperintense cysts can develop
in the endocervix [31]. The endocervical cysts
can be indistinguishable from nabothian cysts,
and it is believed that nabothian cysts may be the
result of chronic or healed inflammation related
to cervicitis [35, 36].

Endometritis can result from ascending infec-
tion from the cervix along the PID continuum
[20], but is more commonly seen in the post-
partum period after prolonged rupture of mem-
branes, intra-partum fever, chorioamnionitic, or
cesarean section [37, 38]. As with other forms of
PID, endometritis presents along a spectrum of
acuity, with chronic colonization of the endome-
trium often manifesting as infertility due to poor
implantation [39], and acute infections, often
related to gonorrhea and chlamydia, presenting
with pelvic pain. PID related acute endometritis
may present as nonspecific pelvic pain, with
abnormal vaginal discharge, but no fever or
leukocytosis. Bimanual examination may reveal
cervical motion tenderness or uterine tenderness,
but routine abdominal palpation may be normal
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Fig.11.1 Normal pelvic anatomy—(a) Sagittal and axial
(b) T2-weighted MR images demonstrating the three lay-
ers of the uterus and cervix. Hyperintense endometrium/
endocervix (open arrow), hypointense junctional zone/
cervical fibrous stroma (arrowhead), and intermediate
intensity uterine/cervical myometrium (white arrow). The

cervix is demarcated by white lines. (¢) Axial T2-weighted
and (d) opposed-phase T1-weighted MR images demon-
strating a normal fallopian tube (open arrowhead). (e)
Coronal T2-weighted and (f) T1-weighted MR images
demonstrating normal ovaries with physiologic follicles

Fig. 11.2 Cervicitis—(a) T2-weighted and (b) opposed-
phase T1-weighted MR images showing indistinct mar-
gins of the cervix due to parametrial stranding and edema
in a patient with cervicitis. (¢) Pre-contrast T1-weighted
and (d) post-contrast T1-weighted MR images demon-
strating enhancement of the parametrial fat. (e and f) Post-

contrast

Tl1-weighted MR
uterosacral ligament thickening (open arrow) and round

images demonstrating
ligament thickening (arrowheads). (g) Post-contrast
T1-weighted MR images demonstrating normal uterosac-
ral ligaments (arrowheads), and a normal round ligament
(open arrow) for comparison
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in the absence of salpingitis, tubo-ovarian
abscess, or peritonitis [20].

The normal uterus has three distinct layers on
MR: the well-defined T2 hyperintense endome-
trium, the T2 hypointense poorly marginated
junctional zone, and the T2 intermediate intensity
myometrium (Fig. 11.1). MR may be normal in
isolated endometritis, but when abnormal, endo-
metritis manifests as thickened heterogeneous
endometrium, with hyperenhancement. T1 inter-
mediate fluid may fill the endometrial canal.
Intra-cavitary gas can be seen as multifocal sig-
nal voids on the Tl-weighted in-phase MR
images, and is more common in post-partum
endometritis. As with cervicitis, parametrial fat
stranding may be present, is most evident on
T2-weighted fat-suppressed MR imaging, and
may result in indistinct outer margins of the
myometrium. Round ligament and uterosacral
ligament thickening are sensitive signs for PID
[33, 40-43] and should trigger close inspection
for more specific signs of infection (Fig. 11.2).

Salpingitis results in degeneration of the tubal
epithelium, deciliation, decreased mucosal fold
density, peritubal adhesions, partial or complete
tubal occlusion, and hydrosalpinx [44].
Salpingitis may present with acute symptoms or
can be clinically asymptomatic, but acute and
silent cases have similar histology, and both
result in decreased fertility and increased risk of
ectopic pregnancy. In addition to the signs and
symptoms of cervicitis and endometritis,
salpingitis may manifest as pelvic tenderness to
palpation and adnexal tenderness on bimanual
examination [20].

On MR, the normal fallopian tubes are
barely perceptible, 1-4 mm thick, serpentine,
T2 intermediate intensity structures extending
from the uterine cornua to the ovary [45]
(Fig. 11.1). MR of salpingitis reveals a mildly
dilated, tortuous fallopian tube, with a thin or
slightly thickened wall. There may be percep-
tible enhancement of the wall, and peritubal fat
stranding. The fallopian tube will have Tl1
hypointense, T2 hyperintense, and simple fluid
without diffusion restriction. Acute or subacute
salpingitis may not be distinguishable from
chronic  hydrosalpinx related to prior

salpingitis. Incomplete longitudinal folds from
mucosal plicae may be seen, but with more
severe dilation, the plicae become effaced [14,
45]. Mild thickening of the round ligament and
uterosacral ligaments, in this setting, are asso-
ciated with acute infection. Isolated tubular tor-
sion is a rare, but reported cause of acute pelvic
pain, which may be indistinguishable from sal-
pingitis, hematosalpinx, or hydrosalpinx [14],
but which is often associated with “beaking” or
a closed-loop appearance of the torsed fallopian
tube [46, 47] (Fig. 11.3).

Pyosalpinx and tubo-ovarian abscess consti-
tute severe forms of PID and often require hospi-
talization for inpatient therapy or intervention.
Up to one-third of patients hospitalized with
severe PID will have a tubo-ovarian abscess
[48]. Women hospitalized for PID should
undergo cross-sectional imaging [20] to assess
for abscesses greater than 5 cm, as these may
require drainage. Most patients present with
infectious symptoms including fever, leukocyto-
sis, and acute pelvic pain; however, a subset of
patients with tubo-ovarian abscess have low-
grade symptoms including chronic fever of
unknown origin or have a remote history of sex-
ually transmitted infection treated with antibiot-
ics [49]. Physical examination reveals tenderness
to palpation, and tender adnexal fullness or
masses on bimanual examination. While ultra-
sound remains the first-line imaging modality,
MR or IV contrast-enhanced CT are often
required to fully characterize pyosalpinx and
tubo-ovarian abscess.

MR of pyosalpinx shows a dilated tortuous
tubular structure, with a thick enhancing wall,
surrounding fat stranding, and thickening of the
adjacent fascial planes [14, 33, 45, 50, 51]. The
dilated fallopian tube is filled with T2 hyperin-
tense or heterogeneous fluid which has variable
T1 intensity related to the presence of pus, blood,
or protein. The fluid is hyperintense on diffusion-
weighted imaging and hypointense on ADC
maps [14]. The morphology of the tube is often
described as sausage-like, c-shaped, or s-shaped.
The thickened wall is T1 hypointense, T2 inter-
mediate to hyperintense, and markedly enhances.
Pyosalpinx is not always distinguishable from
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Fig. 11.3 Hydrosalpinx, salpingitis, and pyosalpinx—
(a) T2-weighted and (b) post-contrast T1-weighted MR
images demonstrating chronic hydrosalpinx with a dilated
fallopian tube, a thin enhancing wall and simple fluid
(white arrow). (¢) T1-weighted, (d) T2-weighted FS, and
(e) post-contrast T1-weighted MR images demonstrating
salpingitis with an s-shaped, dilated fallopian tube (arrow-
head), simple fluid, a mildly thickened enhancing wall,

hydrosalpinx, but tends to have more wall thick-
ening and T2 heterogeneous fluid than expected
with the simple fluid of hydrosalpinx, or salpingi-
tis. Pyosalpinx can mimic inflamed or obstructed
bowel, and is distinguished by its location in the
adnexa, continuity with the uterine cornua, and
lack of continuity with bowel. Concomitant
bowel inflammation and obstruction can occur,
especially if peritonitis or tubo-ovarian abscess is
present. At times, the diagnosis of TOA on MR
may be challenging in patients with inflamma-
tory bowel disease, as these patients may present
with active bowel inflammation which may also
involve the adnexa, resulting in inflammation and
tubo-ovarian abscesses. Careful review of the
bowel and epicenter of the inflammation can be
useful to help distinguish between these two
diagnoses (Fig. 11.3).

and mild peritubal stranding. (f) Opposed-phase
T1-weighted, (g) T2-weighted, and (h) post-contrast
T1-weighted MR images demonstrating pyosalpinx (open
arrow), with a dilated fallopian tube, T1 and T2 intermedi-
ate intensity complex fluid, thick enhancing walls, and
marked adnexal inflammation. Note the T1 signal inten-
sity within the tube is similar to myometrium (black
arrow)

Tubo-ovarian abscesses are complex cystic
adnexal masses, which often result in severe sur-
rounding inflammation. Mild forms of ovarian
inflammation associated with PID are described
as oophoritis and manifest as periovarian strand-
ing and ovarian enlargement. Progression of
inflammation beyond oophoritis may lead to
tubo-ovarian abscess. Tubo-ovarian abscesses
have T2 hyperintense or heterogeneous cystic
spaces with variable T1 intensity and may demon-
strate a thin inner rim of T1 hyperintensity [52].
Enhancing internal septations often create a mul-
tiloculated appearance. The margins of tubo-
ovarian abscesses are indistinct on T2- and
T1-weighted imaging due to adjacent edema and
exudate. Diffusion-weighted images show hyper-
intense fluid with low signal on ADC [14]. Dense
surrounding adhesions result in distortion of the
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local anatomy. Adhesions are T2 hypointense and
T1 hypointense, with mild enhancement. Free
fluid, periovarian stranding, thickening of the pel-
vic fascial plains, round ligaments and uterosacral
ligaments, smooth peritoneal enhancement, adja-
cent bowel wall thickening, and lymphadenopa-
thy are all common features [23, 42, 49, 52].
Rupture of a tubo-ovarian abscess may lead to
severe peritonitis, sepsis, and if treatment is
delayed, rarely death (Figs. 11.4 and 11.5).
Distinguishing  features of tubo-ovarian
abscess from cystic ovarian neoplasm include
associated fallopian tube dilation [52], a T2
hyperintense peri-cystic “halo” of edema [49],
smooth peritoneal enhancement as opposed to
nodular enhancement, and absence of enhancing
soft-tissue nodules. Pus can appear “pseudo-
solid” with T1 intermediate intensity, variable T2
intensity, and restricted diffusion, but the
“pseudo-solid” areas of diffusion restriction in
tubo-ovarian abscess should not enhance [14].
Necrotic and/or cystic components of an ovarian
neoplasm do not typically restrict diffusion.
Thrombophlebitis of the ovarian vein can be a
complication of PID, but is more common in
post-partum women or women with recent pelvic
surgery, and is rarely life threatening. It is often
asymptomatic, detected incidentally, and can be
treated with anticoagulation. MR is highly sensi-
tive for the demonstration of ovarian vein throm-
bophlebitis [53], with improved characterization
when MR venography sequences are employed
[54]. Partial Fourier single-shot turbo spin-echo
images are susceptible to flow artifacts within the
veins, but loss of signal void within the vein and
venous enlargement should prompt closer inspec-
tion. Thrombus is often T2 intermediate to hyper-
intense and is associated with perivascular
stranding. Stranding may be more evident on
T2-weighted fat-suppressed images or on low
B-value  diffusion-weighted  images. On
T1-weighted images, thrombus can appear with
T1 hypointensity or hyperintensity within the
vessel [55]. Post-contrast images or balanced
steady-state free-precession MR images will
demonstrate loss of signal with the lumen of the
dilated ovarian vein. Thrombus is hyperintense
on DWI and hypointense on ADC images [56].

Actinomycosis is a rare form of severe pelvic
inflammatory disease which is associated with the
protracted presence of intrauterine devices or pessa-
ries. Women with IUDs have reported colonization
rates of 1-14% [57, 58]. Actinomycosis infection is
often mistaken as malignancy, and the presence of
an IUD should raise suspicion for infection when a
complex adnexal mass is detected [59, 60].

Pelvic actinomycosis often presents with
abdominal pain, vaginal bleeding, fever, anemia,
and leukocytosis, although in approximately
one-fifth of patients the findings are detected inci-
dentally on imaging [61]. On CT and MR, pelvic
actinomycosis presents as an invasive heteroge-
neous mass [60, 62] which obliterates the tissue
planes of the pelvis. It tends to invade the rectum
and the bladder [61], sometimes extending
through the abdominal and pelvic wall. Compared
with malignancy, the soft-tissue components tend
to be T2 hypointense [60], and extend in thick lin-
ear bands throughout the pelvis without respect-
ing tissue planes [63]. Scatter cystic spaces are
common and may represent small abscesses [63].
There is marked enhancement of the soft-tissue
components, and on FDG-PET the soft-tissue
components may demonstrate FDG avidity [64].

11.3.4 Management

Pelvic inflammatory disease has a broad range of
severity, which impacts treatment strategies. Mild
to moderate pelvic inflammatory disease can be
managed with outpatient therapy, typically a
combination of intramuscular cephalosporin and
oral doxycycline with or without metronidazole
[65]. Lack of symptomatic improvement with
72 h of outpatient therapy may require parenteral
therapy, repeat imaging, and hospitalization.
Patients who are clinically unstable, have refrac-
tory nausea and vomiting or high fever, cannot
tolerate oral antibiotics, are pregnant, or have a
tubo-ovarian abscess require hospitalization,
imaging, and parenteral antibiotics. Typical
regimes include oral/IV doxycycline and an IV
cephalosporin, or IV clindamycin and gentamy-
cin. Inpatients can be transitioned to oral antibiot-
ics with 24 h of clinical improvement [18, 66].
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Fig. 11.4 Tubo-ovarian abscesses—(a) T2-weighted,
(b) T2-weighted FS, and (c) post-contrast T1-weighted
MR images demonstrating a tubo-ovarian abscess with a
multiloculated cystic mass (white arrow), with enhancing
septations, adnexal stranding, and round ligament thick-
ening (open arrowhead). (d) T2-weighted, (e)

T2-weighted FS, (f) DWI, and (g) ADC MR images
showing a different tubo-ovarian abscess (white arrow)
with complex fluid that restricts diffusion. (h)
T2-weighted, (i) post-contrast T1-weighted, (j) DWI, and
(k) ADC MR images showing a normal ovary with physi-
ologic follicles for comparison

Fig. 11.5 Tubo-ovarian abscess with perihepatitis—(a)
ultrasound demonstrating a complex adnexal mass (white
arrow). (b) T2-weighted MR image confirming the com-
plex cystic mass (white arrow) in the right adnexa. (c)
DWTI and (d) ADC MR images showing diffusion restric-
tion in the cystic portions of the mass, compatible with

abscess. (e) T2-weighted FS image showing T2 hyperin-
tensity along the liver capsule (arrowhead) and (f) coronal
post-contrast T1-weighted MR image showing pericapsu-
lar enhancement (open arrowhead) and a small complex
fluid collection (open arrow), representing the perihepati-
tis of Fitz-Hugh-Curtis syndrome
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Stable patients with tubo-ovarian abscess may
be initially treated with parenteral antibiotics.
Patients without resolution of pain and fever in
48-72 h may require repeat imaging and imaged-
guided percutaneous drainage. Tubo-ovarian
abscesses over 5 cm have a high rate of antibiotic
therapy failure and often require percutaneous
drainage [67]. Multiple reports advocate primary
percutaneous drainage and antibiotics as a safe
and effective treatment for tubo-ovarian abscesses
larger than 5 cm. Surgical intervention is often
unnecessary with the widespread availability of
image-guided minimally invasive techniques, but
laparoscopic drainage may be necessary if an
abscess cannot be safely accessed percutaneously
or if interventional radiology services are unavail-
able [67-70].

Detection of ovarian vein thrombophlebitis
warrants treatment with anticoagulation to pre-
vent pulmonary embolism. Patients failing anti-
coagulation with breakthrough pulmonary
embolus may need a suprarenal inferior vena
cava filter. The majority of patients will recana-
lize their ovarian vein with anticoagulation, but
may experience long-term sequelae, including
recurrent deep venous thrombosis and pelvic
venous congestion syndrome from ovarian vein
valvular incompetence [71]. Work-up for hyper-
coagulability disorders should be considered
after the diagnosis of ovarian vein thrombophle-
bitis, in the absence of a predisposing condition
such as recent surgery or infection.

If actinomycosis infection is suspected, due a
locally invasive inflammatory process and an IUD,
aspiration is recommended to confirm the diagno-
sis. Unfortunately, actinomycosis is a gram-posi-
tive anaerobic bacteria, which is difficult to culture,
and many patients with surgically confirmed acti-
nomycosis infection are culture negative [72].
Proper anaerobic sampling technique [73] com-
bined with gram stain and hematoxylin and eosin
stain can improve sensitivity [74]. Primary resec-
tion is difficult and initial treatment with long-term
high-dose antibiotics is recommended [75].
Resection may be done secondarily to remove or
divert portions of the genital, urinary, or gastroin-
testinal tract, due to fistula or obstruction.

11.4 Ovarian Torsion
11.4.1 Background

Ovarian torsion occurs due to rotation of the
ovary around the vascular pedicle, resulting in
ischemia of the ovarian tissue. With progres-
sive rotation of the ovary around the pedicle,
there is first compromise of the venous outflow,
followed by compromise of the arterial supply.
This results in enlargement of the ovary with
subsequent ischemia. Ischemia may progress to
hemorrhagic infarction and necrosis if not
quickly diagnosed and treated. The diagnosis of
ovarian torsion is often delayed due to a non-
specific clinical presentation [76], and the
potential for intermittent torsion adds to the
diagnostic challenge.

Ovarian torsion classically presents with sud-
den onset, moderate to severe, sharp stabbing,
lower quadrant pain, which may radiate to the
back, flank, or groin [77]. The pain can be sub-
acute or chronic in a substantial subset of
patients [78], particularly those with intermit-
tent or partial torsion. A palpable mass may be
evident on physical examination; however, one-
third of patients have no mass or tenderness.
Presentation after onset of pain is reportedly as
short as 4 h in 80% of patients [79], but can be
considerably longer with intermittent or partial
torsion.

Ovarian torsion has been extensively charac-
terized with ultrasound in the literature, but due
to its nonspecific presentation and because of
this initial imaging is often performed with
CT. Even when ultrasound is performed first,
Doppler US demonstrates adnexal blood flow in
20-50% patients with confirmed ovarian torsion
[77,78, 80], likely due to the ovary’s dual blood
supply. When US or CT demonstrates an adnexal
mass in the setting of acute or subacute pelvic
pain, or when ultrasound is equivocal, MR may
be performed for additional characterization of
the abnormal adnexa [81]. MR is highly sensi-
tive and specific for torsion when used as a pri-
mary modality, or after indeterminate US or
CT [79, 82] (Fig. 11.6).
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Fig. 11.6 Ovarian torsion—(a) CT image showing an
enlarged torsed ovary (black arrow) eccentrically posi-
tioned anterior to the uterus with 2 cysts. (b) Color Doppler
and (c) spectral wave Doppler US showing an enlarged
hypovascular ovary, but detectable arterial flow. (d)
T2-weighted and (e) T2-weighted FS MR images showing
the eccentric anteriorly positioned torsed ovary, with a

11.4.2 Epidemiology

Ovarian torsion is an uncommon condition, pre-
dominately described with single institutional
experience, and few large epidemiologic studies
characterize its incidence to our knowledge.
Early reports estimate that 2.7% of acute gyneco-
logic emergencies are due to ovarian torsion [76],
which is similar to a recent report by Petkovska
et al. [83]. One population-based epidemiologic
study from South Korea showed an incidence of
5.9/100,000 in women of all ages, and
9.9/100,000 in reproductive age women [84].
Multiple conditions have been implicated as
risk factors for ovarian torsion. Ovarian cysts and
ovarian neoplasms are well-recognized risk fac-
tors for torsion, with 25-80% [77, 78] associated
with a cyst (Fig. 11.7). Prior pelvic surgery,

hemorrhagic cyst (white arrowhead), thickened and edema-
tous pedicle (open arrowhead), and deviated uterus (open
arrow). (f) T1-weighted FS, (g) DWI, and (h) ADC MR
images demonstrating layering hemorrhage and an adjacent
rim of diffusion restriction (white arrow) at the interface of
the cyst and the ovarian tissue

specifically prior tubal ligation, is an important
risk factor for ovarian torsion, with 40-50% of
patients having a history of surgery [77, 80].
Adhesions from tubal ligation, or other proce-
dures, may serve as a pivot point for rotation of the
ovary around the vascular pedicle. Prior PID is a
risk factor, presumably for a similar reason, with
peritubal adhesions a common sequela of salpingi-
tis. Treatment for infertility, specifically hormonal
stimulation, is an increasingly important etiology
for ovarian torsion, especially when infertility
treatment results in pregnancy [85, 86] (Fig. 11.8).

11.4.3 MR Findings

Thickening of the twisted vascular pedicle and
fallopian tube is frequently evident on MR in the
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Fig. 11.7 Ovarian torsion with teratoma—(a) Coronal
T2-weighted and (b) axial T2-weighted FS MR images
demonstrating a complex cystic right adnexal mass with
T2 hyperintense soft-tissue which becomes hypointense
with fat suppression, representing a cystic teratoma (white
arrow). The same soft tissue shows T1 hyperintensity with

fat suppression and no enhancement on (¢) pre-contrast
T1-weighted and (d) post-contrast T1-weighted FS MR
images. There is associated uterine deviation (open
arrow), wall thickening of the cystic lesion (arrowhead),
free fluid, edema (black arrow), and anterior positioning
of the torsed ovary

and a large simple cyst (open arrowhead) with mild wall
thickening (arrowhead). Note the beaking and subtle
swirled appearance of the vascular pedicle (open arrow)

pregnancy—(a)
T2-weighted, (b) T2-weighted FS, (¢) T1-weighted, and
(d) coronal T2-weighted FS MR images demonstrating a
thickened and edematous vascular pedicle (white arrow),

Fig. 11.8 Ovarian torsion in



11 MRI of the Acute Female Pelvis

205

setting of torsion [87]. Rotation of the pedicle
results in vascular compromise, edema, and/or
hemorrhage in the tube and the pedicle. The
twist can be seen on US [88] and MR [79] and is
described as the “whirlpool sign.” Edema and
hemorrhage cause enlargement of the tube and
pedicle. The normal fallopian tube is less than
3 mm in diameter at its narrowest point [78], and
up to 10 mm at the cornua or fimbriae.
Asymmetric thickening of a fallopian tube
should prompt close evaluation of the ipsilateral
adnexa for additional signs of torsion. Tubal
thickening is evident on T2-weighted images
[15, 89] and may be more conspicuous on low
B-value DWI because of its high T2 contrast
[16]. Simple hydrosalpinx can look similar to a
torsed tube, but identifying twisting or beaking
[89] of the tube increases confidence in the diag-
nosis of torsion. A torsed fallopian tube may
appear T1 hyperintense, due to development of
hematosalpinx. Hemorrhagic infarction of the
pedicle results in restricted diffusion, with curvi-
linear high DWI signal and low ADC signal [87,
90] extending from the uterine cornua to the

ovary. Isolated tubal torsion can occur, but is
extremely rare, and should be a diagnosis of
exclusion. Tubal thickening and the “whirlpool”
sign are the most specific and reliable signs of
ovarian torsion, with diffusion restriction and
tubal hemorrhage highly specific for hemor-
rhagic infarction [79] (Fig. 11.9).

Abnormal positioning of the ovary may indi-
cate torsion, as rotation of the ovary around the
pedicle causes deviation of the pelvic structures.
The normal ovary tends to reside along the pelvic
sidewall, near the iliac vessels, lateral and just
superior to the uterine cornua. It can be located
by following the gonadal veins inferiorly from
the renal vein on the left or from the infrarenal
inferior vena cava on the right. A torsed ovary
commonly rotates to lie on top of the uterus or
within the rectouterine pouch. Less commonly, a
torsed ovary is located anterior to the uterus or in
the contralateral pelvis [78, 80]. The uterus also
deviates in torsion, with early reports of deviation
ipsilateral to the torsed ovary [91, 92], but later
reports showing ipsilateral and contralateral devi-
ation [80, 87, 89]. In the majority of patients, the

Fig. 11.9 Ovarian torsion with hemorrhagic infarction—
(a) T2-weighted MR image demonstrating a cystic tera-
toma (open arrowhead) in an enlarged, eccentric,
posteriorly positioned torsed ovary. (b) T2-weighted FS
and (c) pre-contrast T1-weighted MR images showing
thickened ovarian stroma (white arrow), with loss of T2
signal intensity and T1 signal hyperintensity compatible

with hemorrhagic infarction of the stroma. (d) Post-
contrast T1-weighted MR image shows no enhancement
of the stroma (black arrow). (e) DWI and (f) ADC MR
images show signal voids in the ovarian stroma (white
arrow) indicating dephasing from blood products, and dif-
fusion restriction within the teratoma (open arrow). Note
the uterine deviation on multiple images (arrowhead)
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ovary is in an atypical location, and the uterus is
deviated from midline.

Asymmetric ovarian enlargement should
prompt consideration of ovarian torsion. The
measured ovary should include cysts or solid
masses, and be compared to the contralateral
ovary. Four centimeters is the upper limit of nor-
mal for maximum long-axis diameter of the
ovary, although reproductive age women may
have normal cysts measuring 5—7 cm, which can
result in asymmetry of normal ovaries. The range
of ovarian diameter in confirmed patients with
torsion is 1-30 cm, with reported mean/median
sizes of 8.7-13.5 cm [77, 78, 80]. Some investi-
gators describe increased cross-sectional area or
volume in torsion, with reported mean areas of
11.3-19 cm?, and a range 3.8-50 cm? [79, 89].

Edema or hemorrhage in the ovarian stroma
partially accounts for the enlargement of a torsed
ovary. On T2-weighted MR imaging, normal
ovarian stroma is isointense to skeletal muscle,
with the stroma of torsed ovaries described as T2
hyperintense and T1 hypointense [89, 93] due to
edema. Later investigations have suggested that
stromal T2 signal is not sensitive or specific [79]
for torsion, since malignancy and infection can
result in T2 hyperintensity. Focal or diffuse T1
hyperintensity, DWI hyperintensity, and ADC
hypointensity within the ovarian stroma have a
poor prognosis and correlate with hemorrhagic
infarction [15, 79, 87, 89, 90]. If the ADC values
of ovarian stroma are below 1.8 x 10~ mm?/s, the
sensitivity and specificity for hemorrhagic infarc-
tion is reportedly 88% and 100%, respectively
[15]. The vast majority of torsed ovaries will
demonstrate enhancement after intravenous gad-
olinium administration; however, a nonenhanc-
ing ovary has a poor prognosis, and hemorrhagic
infarction and nonviability are common [87].

Cysts are present in up to 80% of torsed ova-
ries [78], and the walls of cysts within an ovary
may develop abnormalities in the setting of tor-
sion. The wall thickness of a normal ovarian fol-
licle or hemorrhagic cyst is less than 3 mm, and
has signal intensity similar to ovarian stroma.
Edema or hemorrhage resulting from torsion
results in wall thickening [78, 87, 91]. A thin T2
hypointense rim in the wall correlates with

hemorrhagic infarction on histology and may
carry a poor prognosis for the viability of the
ovary [83]. Subacute hemorrhagic infarction
results in a thin rim of T1 hyperintensity due to
the presence of methemoglobin, but hyperacute
and acute hemorrhage can be T1 iso- to hypoin-
tense, as oxy- and deoxyhemoglobin predomi-
nate in the early stages of hematoma formation
[15]. Blood products with the wall of a cyst also
result in DWI hyperintensity, and ADC hypoin-
tensity, and may indicate hemorrhage [87].
Ascites and periovarian fat stranding are com-
mon findings in torsion, but are often present in
other acute processes presenting with abdominal
or pelvic pain. Ascites is reported on CT and MR
in most patients with ovarian torsion [78, 80, 87,
92], and while it has high sensitivity, its lack of
specificity diminishes its usefulness in the diagno-
sis of torsion. Periovarian fat stranding is not pres-
ent in most patients with ovarian torsion, but when
present correlates with a nonviable ovary and the
development of hemorrhagic infarction [78, 80].

11.4.4 Management

In the past, ovarian torsion was managed with
salpingo-oophorectomy due to concerns that a
necrotic ovary might lead to infection, that detor-
sion of the ovary could result in thromboembo-
lism, and concern for underlying malignancy.
Adnexal sparing surgery is now the preferred
treatment option. Patients treated with detorsion
do not have an increased incidence of pulmonary
embolism, or increased morbidity and mortality,
compared to those treated with oophorectomy
[94, 95]. Even patients with “black-bluish”
appearing ovaries at surgery had recovery of ovar-
ian function and no increased morbidity when
treated with detorsion [96, 97]. However, if an
ovary is frankly necrotic due to delayed diagnosis
of torsion, oophorectomy should be considered.
When an ovarian cyst or benign ovarian neoplasm
is present, cystectomy or cyst aspiration can be
performed to reduce the potential for retorsion.
Oophoropexy may also reduce the risk of retor-
sion and may be considered for prophylactic treat-
ment of the contralateral ovary [98, 99].



11 MRI of the Acute Female Pelvis

207

Identification of hemorrhagic infarction in
torsed ovaries is a focus in the radiology litera-
ture. It is not clear that the presence of hemor-
rhagic infarction indicates the ovary is nonviable,
and additional studies are required before man-
agement decisions are made based on the MR
findings of hemorrhage.

11.5 Ectopic Pregnancy
11.5.1 Background

Ectopic pregnancy refers to the implantation of
an embryo outside of the uterine canal, which if
untreated can result in maternal hemorrhage and
death. The treatment and presentation of ectopic
pregnancy differs based on the site of implanta-
tion. Ectopic pregnancy is most common in the
fallopian tube [100], and as the gestational sac
enlarges and increases in vascularity, there is
increasing risk of tubal rupture, hemorrhage, and
death. Less common sites of ectopic pregnancy
include interstitial, abdominal, cervical, ovarian,
and cesarean scar-related presentation [101]. The
increased use of transvaginal sonography to con-
firm intrauterine pregnancy has led to earlier
diagnosis of ectopic pregnancy [102].
Nonruptured ectopic pregnancy often presents
with mild vaginal bleeding, crampy abdominal
and pelvic pain, and positive HCG levels [103].
Ruptured ectopic pregnancy presents with hypo-
tension, tachycardia, and rebound tenderness and
may rapidly progress to death.

Transvaginal sonography should demonstrate
a gestational sac when the estimated gestational
age is 5.5 weeks, and when quantitative HCG is
1500-2500 mIU/mL. The absence of a gesta-
tional sac on ultrasound should be described as
a pregnancy of unknown location [103, 104].
Transvaginal ultrasound is sensitive for ectopic
pregnancy [105-107], but ectopic pregnancies
can be mistaken for corpus luteal cysts, hemor-
rhagic cysts, ovarian neoplasms, pedunculated
fibroids, bowel, and endometriomas.
Sonographic diagnosis of pregnancy of unknown
location is often managed with serial HCG lev-
els and follow-up US in 2-7 days. If there is

persistent pain and/or vaginal bleeding, MRI
may be warranted to further characterize the eti-
ology of pelvic pain, without additional delay in
diagnosis.

11.5.2 Epidemiology

The incidence of ectopic pregnancy has been
increasing over the past 4 decades, with the last
comprehensive review by the U.S. Centers for
Disease Control estimating that 2% of pregnan-
cies are ectopic [108, 109]. As the incidence has
risen, death related to ectopic pregnancy has
fallen over 90%, now accounting for only 6% of
maternal deaths [110-112]. Ectopic pregnancy
requiring hospitalization has also fallen, with
more than 50% of ectopic pregnancy treated in
outpatient settings [109].

The predominant risk factors for ectopic preg-
nancy are related to abnormalities of the fallopian
tube. Women with prior ectopic pregnancy, prior
tubal surgery, or known tubal abnormality are at
highest risk for ectopic pregnancy. Women with
prior pelvic inflammatory disease, sexually trans-
mitted infection, IUD, or subfertility/infertility
have an intermediate risk for ectopic pregnancy.
Ectopic pregnancy has a mild association with
prior abdominal or pelvic surgery, smoking, early
age of sexual intercourse, and multiple sexual
partners. When the HCG level is positive, ultra-
sound fails to demonstrate an intrauterine gesta-
tion, and ectopic pregnancy is suspected, an MR
can be used to distinguish ectopic pregnancy
from other acute conditions including ovarian
torsion, appendicitis, and pelvic inflammatory
disease [113, 114].

11.5.3 MRFindings

Tubal ectopic pregnancy occurs most frequently
in the ampulla of the fallopian tube. The ectopic
gestational sac has been described on MR as a
sac-like cystic structure in the adnexa but outside
of the ovary [114]. The gestational sac tends to
have a thick wall, and MR may demonstrate three
distinct layers, described as a “3-ring”
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appearance [115]. The wall may have focal hem-
orrhage or rim-like hemorrhage, evident by T1
intermediate to hyperintense signal, and corre-
sponding T2 hypointensity. The wall will show
marked enhancement, which is sometime “dot-
like” or stippled [116]. The central portion of the
gestational sac is often heterogeneous, with solid
enhancing nodules, internal hemorrhage, fluid-
fluid levels, or less likely simple fluid [115].
Hemorrhage within the sac is most commonly T1
intermediate to hyperintense and T2 hypointense,
and may show loss of signal on T2*-weighted
MR imaging [117]. The gestational sac size
increases with increasing gestational age. Tubal
ectopics present with a mean sac diameter of
4 cm [118]. Hematosalpinx is often present with
tubal ectopic pregnancy. The fallopian tube will
be dilated and contain T1 intermediate to hyper-
intense signal. There may be T2 heterogeneity
and a fluid-fluid level in the tube. The wall of the
fallopian tube may be slightly thickened and will
show marked enhancement [8, 115-117]
(Figs. 11.10 and 11.11).

Differentiation of a tubal ectopic pregnancy
from a corpus luteal cyst can be challenging. A
corpus luteal cyst is present in early pregnancy and
has imaging features similar to an ectopic gesta-
tional sac. On MR, a corpus luteal cyst should
have a smooth, convex, or mildly wavy thick wall.
The wall is T1 intermediate to hyperintense and
uniformly T2 hypointense, with uniform enhance-
ment [116]. Intra- or extra-ovarian location is the
best distinguishing factor. Corpus luteal cysts are
always located within the ovary, and ovarian ecto-
pic pregnancy is rare [100] (Fig. 11.12).

Nontubal ectopic pregnancy accounts for
fewer than 5% of ectopic pregnancies [119], often
present later than tubal ectopics, and have higher
morbidity and mortality due to higher rate of rup-
ture and delayed presentation. The gestational sac
of nontubal ectopics has similar MR features,
with a thick-walled, sac-like, hemorrhagic mass,
and is distinguished from tubal ectopics by their
rarity, location, and management.

Interstitial ectopics present when the gestational
sac implants in the intrauterine portion of the

Fig. 11.10 Tubal ectopic pregnancy—(a) T2-weighted
and (b) T2-weighted FS MR images demonstrating a
complex adnexal mass (white arrow) in a woman with
positive HCG level and no intrauterine gestation. (c¢) Pre-
contrast T1-weighted MR image showing a hemorrhagic
mass (arrowhead) and intraperitoneal hemorrhage (black

arrow). (d) Post-contrast T1-weighted MR image showing
mild stippled enhancement. (e) DWI and (f) ADC MR
images showing diffusion restriction of the adnexal mass
(open arrow). Surgery confirmed a ruptured tubal ectopic
pregnancy
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Fig. 11.11 Three-ring
sign of tubal ectopic
pregnancy—(a) coronal
and (b) axial
T2-weighted MR images
demonstrate a tubal
ectopic gestational sac
(white arrow), with a
thin hypointense outer
ring, a thick
hyperintense middle
ring, and a thin
hypointense inner ring.
Note the large volume
hemoperitoneum on
both images (arrowhead)

Fig. 11.12 Corpus luteal cyst—(a) axial and (b) coronal
T2-weighted MR images demonstrate a corpus luteal cyst
in the left ovary. Its location in the ovary is evident by a
“claw sign” (open arrowheads) with ovarian stroma par-
tially encompassing the cyst. Note the wavy hypointense

fallopian tube, and is characterized by a gestational
sac eccentrically located in or at the margin of the
uterine cornua with less than 5 mm of surrounding
myometrium [120, 121]. A closely related entity is
cornual implantation, which is defined by implan-
tation in the horn of a bicornuate uterus, and is
similarly managed [122]. Cornual pregnancy may
also refer to an eccentric implantation onto endo-
metrium within the uterine cornua, and can be

rim (white arrow). (¢) Pre-contrast T1 and (d) post-
contrast T1-weighted MR images demonstrate smooth
circumferential enhancement (arrowhead). The rim is
hypointense on (e) DWI and (f) ADC (open arrow) indi-
cating dephasing from blood products

distinguished by a surrounding myometrial thick-
ness of >5 mm (Figs. 11.13 and 11.14).

Abdominal ectopics are defined by implanta-
tion of the gestational sac on a peritoneal surface
and can occur anywhere in the abdomen or pel-
vis. Abdominal pregnancy can be carried to term,
but is at high risk for fetal demise from poor pla-
cental blood supply, and high risk for maternal
demise from rupture [123-129].
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Fig.11.13 Interstitial pregnancy—(a) US demonstrating
a hyperechoic, heterogeneous ectopic pregnancy (white
arrow) at the cornua (arrowhead) of the uterus in a women
with positive HCG. (b) Coronal and (c¢) trans axial
T2-weighted MR images demonstrate a heterogeneously
T2 hyperintense ectopic (white arrow) at the junction of
the uterine cornua and the fallopian tube (arrowhead). (d)
T1-weighted MR image shows a hyperintense rim of

hemorrhage (open arrow) along the margin of the ectopic
and T1 hyperintense hemorrhage within the contiguous
fallopian tube (open arrowhead). (e) Coronal T2-weighted
and (f) axial SSFP MR images in a different patient with
interstitial pregnancy demonstrate a heterogeneously T2
hyperintense ectopic (white arrow) at the uterine cornua
(arrowhead). Both ectopic pregnancies were successfully
treated with methotrexate

Fig. 11.14 Cornual pregnancy—(a) coronal and (b)
axial T2-weighted MR images demonstrate an eccentric
gestational sac in the uterine cornua with >5 mm of sur-
rounding myometrium. (¢) Axial T2 image in a different
patient demonstrates a twin gestation, with one gesta-

tional sac located in the cornua of the uterus (black arrow),
and one in the uterine body (open arrowhead). (d) US
image shows the gestational sac in the uterine cornua. The
cornual gestation was treated with selective reduction
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Fig. 11.15 Cervical pregnancy—(a) axial and (b) sagit-
tal T2-weighted, and (b) T1-weighted MR images show a
gestational sac located low in the endocervical canal
(white arrow). (d) Sagittal T2-weighted MR image shows

Cervical pregnancy accounts for fewer than
1% of ectopic pregnancies and is predominately
described in case reports and small case series.
Cervical pregnancy typically presents with vagi-
nal bleeding and can mimic spontaneous abortion
or a cervical polyp, with the gestational sac
located between the internal and external cervical
os [130-133] (Fig. 11.15).

Ovarian ectopic pregnancies present a unique
diagnostic challenge, as the gestation sac and a
hemorrhagic corpus luteal cyst can be difficult to
distinguish. Ovarian ectopic pregnancies have an
association with an IUD [134]. The features of
corpus luteal cyst and ectopic gestational sac
described above may help distinguish an ovarian
ectopic from a corpus luteal cyst.

Cesarean scar pregnancies have an increasing
incidence in certain parts of the World, which is
related to the increasing rate of cesarean section
in North America. Diagnosis is made when a ges-
tational sac is identified in the anterior lower
uterine myometrium in a woman with prior
cesarean section. Termination is recommended,
although there are case reports of expectant man-
agement and early cesarean section [135-137].

no gestational sac in the endouterine canal (arrowhead).
(e) Transverse and (f) long axis transvaginal ultrasound
images show a gestational sac and a fetal pole

11.5.4 Management

Ectopic pregnancy is preferably treated with sin-
gle dose of systemic methotrexate, with greater
than 90% success rate in select patient popula-
tions [138]. Methotrexate therapy is commonly
offered to hemodynamically stable women, with
an HCG level less than 5000 mIU/mL, a gesta-
tional sac smaller than 4 cm, no contraindication
to methotrexate, and a willingness to follow-up
for serial evaluation [139]. Failure of systemic
therapy occurs more often in patients with high
HCG levels (5000-10,000) and fetal cardiac
activity [140].

Multidose therapy, local methotrexate injec-
tion, and local KCl injection have been proposed
after single dose failure or in patients with fetal
cardiac activity, high HCG levels, or late presen-
tation [139, 141]. Surgical therapy is required for
unstable patients, patients with evidence of
rupture, or those who fail medical therapy. The
presence of a small volume of hemorrhage con-
fined to the pelvis is not a contraindication to
medical therapy, as small volume hemorrhage is
commonly seen with nonruptured tubal ectopics
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[140, 142, 143]. Hemorrhage which extends into
the paracolic gutters and abdomen may indicate
tubal rupture and require emergent surgery.

Imaging follow-up after medical treatment is
not routinely indicated. If follow-up imaging is
obtained, the ectopic pregnancy often enlarges,
prior to normalization of HCG levels. Mean ecto-
pic enlargement on US is reportedly 6 cm. Sixty-
nine percent of residual ectopics resolved with
HCG normalization, but many patients will have
residual complex masses after HCG normaliza-
tion. Mean time to resolution of the ectopic is
reportedly 44 days (range 25-63), when it per-
sists beyond HCG normalization [118].

Conclusion

MR imaging can function as a primary or sec-
ondary imaging modality for the evaluation of
acute pelvic pain. Most often, acute pelvic pain
is evaluated with ultrasound or CT, and indeter-
minate or complex findings prompt MR imag-
ing. Pelvic MR can be performed at 1.5 T or
3 T, with or without intravenous gadolinium,
and with optimal sequence selection should
take 30 min or less. Single-shot T2-weighted
imaging is the foundation of any pelvic MR
examination and should be done in multiple
planes. Infection is often evident by parametrial
stranding, thickening of the round ligament and
uterosacral ligament, tubal enlargement and
wall thickening, and inflammatory cystic
adnexal masses. Ovarian torsion should be sus-
pected when the ovary is asymmetrically
enlarged, abnormally positioned, and is accom-
panied by thickening of the vascular pedicle.
Ectopic pregnancies are circumscribed hyper-
vascular masses with internal heterogeneity,
which are most commonly located in the fallo-
pian tube. MR utilization continues to rise, and
familiarity with acute MR findings is an
increasingly important part of effective emer-
gency radiology and body imaging.
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