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Pelvic masses can present a diagnostic challenge owing to the dif-
ficulty in assessing their origin and the overlap in imaging features.
The majority of pelvic tumors arise from gastrointestinal or genito-
urinary organs, with less common sites of origin including the con-
nective tissues, nerves, and lymphovascular structures. Lesion eval-
uation usually starts with clinical assessment followed by imaging,
or the lesion may be an incidental finding at imaging performed for
other clinical indications. Since accurate diagnosis is essential for
optimal management, imaging is useful for suggesting the correct
diagnosis or narrowing the differential possibilities and distinguish-
ing tumors from their mimics. Some masses may require histologic
confirmation of the diagnosis with biopsy and/or up-front surgical
resection. In this case, imaging is essential for presurgical planning
to assess mass size and location, evaluate the relationship to adja-
cent pelvic structures, and narrow differential possibilities. Pelvic
US is often the first imaging modality performed in women with
pelvic symptoms. While US is often useful to detect a pelvic mass,
it has significant limitations in assessing masses located deep in the
pelvis or near gas-filled organs. CT also has limited value in the pel-
vis owing to its inferior soft-tissue contrast. MRI is frequently the
optimal imaging modality, as it offers both multiplanar capability
and excellent soft-tissue contrast. This article highlights the normal
anatomy of the pelvic spaces in the female pelvis and focuses on
MRI features of common tumors and tumor mimics that arise in
these spaces. It provides an interpretative algorithm for approaching
an unknown pelvic lesion at MRI. It also discusses surgical man-
agement, emphasizing the value of MRI as a road map to surgery
and highlighting anatomic locations where surgical resection may
present a challenge.
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SA-CME LEARNING OBJECTIVES

After completing this journal-based SA-CME activity, participants will be able to:

m List tumors and tumor mimics that may involve the peritoneal cavity or extraperito-
neal pelvic spaces of the female pelvis.

m Describe the pelvic space and pattern-based approach to characterization of pelvic
tumors and tumor mimics with MRI.

m Discuss the role of MRI as a road map for surgical management.

See rsna.orgl/learning-center-rg.

Introduction
In this article, we describe an interpretation algorithm for evaluating
unknown masses in the female pelvis (Fig 1).This approach is rooted
in knowledge of the pelvic spaces and key MRI features of common
tumors or tumor mimics in the female pelvis. We also discuss surgical
management, with emphasis on the anatomic locations where surgi-
cal resection may present a challenge.
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TEACHING POINTS

B Diagnostic clues that indicate that the mass originates from
the extraperitoneum are as follows: (a) anterior or central dis-
placement of extraperitoneal organs (eg, uterus or rectum),
(b) anterior or central displacement of the iliac vessels or ilio-
psoas muscles or encasement of the iliac vessels, and (c) mass
effect on or effacement of pelvic sidewall muscles.

B Diagnostic clues that indicate that the mass originates from
an intraperitoneal organ or within the peritoneal cavity are
as follows: (a) posterior or lateral displacement of the uterus,
sigmoid colon, or iliac vessels; and (b) anterior displacement
of the uterus and posterior displacement of the rectum, in-
dicating that the mass is located in the rectouterine pouch.

B The keywords ovary, bowel, and morphology can remind the
radiologist of the key steps for evaluation of an unknown pel-
vic mass that arises from an intraperitoneal organ or involves
the peritoneal cavity.

B The pelvic extraperitoneum is divided into the interconnected
prevesical and perivesical spaces anteriorly and perirectal and
retrorectal spaces posteriorly. These spaces are most often in-
volved via direct extension of gastrointestinal or genitourinary
tumors. However, primary tumors can occur and are mainly
of mesenchymal origin, including leiomyoma, sarcoma, or
solitary fibrous tumor.

B The radiology report can be summarized by three keywords:
tumor, location, and extent.

The anatomy of the pelvis is complex and
may be less well understood than that of the
abdomen. As with the abdomen, the pelvis is
divided into two main compartments: the peri-
toneal cavity and subperitoneal space (1).The
two spaces are separated by the peritoneum,
and each compartment is a continuous space.
The subperitoneal space houses all of the ab-
dominal and pelvic organs (and their respective
mesenteries), all of the extraperitoneal spaces
described herein, as well as ligaments, vessels,
nerves, and lymphatics.

The peritoneal cavity is situated between the
thin layers of visceral and parietal peritoneum
(analogs to the pleura). The visceral peritoneum
lines the surfaces of various organs (forming
their serosa), and the parietal peritoneum lines
the wall of the body cavity. The peritoneal cavity
is a potential space devoid of any organs (1,2).
However, some organs in the subperitoneal
space such as the small bowel, sigmoid colon,
and ovaries are nearly enveloped by the visceral
peritoneum and suspended by their mesenteries.
Thus, the discussion and interpretation algo-
rithm that follow refer to these as “intraperito-
neal” organs.

In contrast, other organs in the subperito-
neal space are located deep to the peritoneum
and are referred to as extraperitoneal organs
throughout the article. These include the uri-
nary bladder, ureters, uterine corpus and cervix,
vagina, and mid and lower rectum. Some of the

radiographics.rsna.org

extraperitoneal organs such as the urinary blad-
der and body of the uterus are covered partly
but not enclosed by the peritoneum.

The pelvic extraperitoneum is divided into
anterior and posterior portions, with the prevesi-
cal and perivesical spaces located anteriorly and
the perirectal and retrorectal spaces located pos-
teriorly (Figs 2, 3). In between lies the middle
compartment, which includes the vagina, cervix,
and uterus. The umbilicovesical fascia encircles
the urinary bladder, urachal remnant, and
obliterated umbilical arteries into the perivesical
space. The umbilicovesical fascia also forms the
posterior and lateral margins of the prevesical
space.

Posteriorly and laterally, the mesorectal fascia
surrounds the rectum and defines the perirectal
(mesorectal) space. The mesorectal fascia is an
aggregate of the rectovaginal fascia anteriorly,
the perirectal fascia laterally, and the pelvic
fascia posteriorly. The perirectal fascia is also
known as the uterosacral ligaments. The most
posterior retrorectal (presacral) space is situated
posterior to the pelvic fascia (1,2).

Knowledge of the female pelvic anatomy is
essential to the step-by-step approach for evalu-
ating an unknown pelvic mass. The first step is
assessment of the most likely site of origin of the
mass and its location in relation to the peritoneal
cavity versus the extraperitoneal spaces. This
information is essential to narrow the differential
possibilities (or suggest the correct diagnosis) and
select the optimal surgical approach.

Stepwise Approach

to Lesion Characterization
The stepwise approach to lesion characterization
consists of the following considerations: (@) de-
termine the compartment of origin, (b) tumors or
tumor mimics arising from intraperitoneal organs,
and (¢) extraperitoneal spaces and associated tu-
mors Oor tumor mimics.

Determine the

Compartment of Origin
The first step in approaching an unknown pelvic
mass is to determine if the lesion originates from
one of the intraperitoneal organs (ie, organs en-
veloped by visceral peritoneum and suspended by
their respective mesenteries) or from one of the
extraperitoneal organs or spaces (Fig 1), as this
decision point is useful in narrowing the diagnos-
tic possibilities.

In the female pelvis, the peritoneum reflects
over the dome of the bladder, the uterine corpus,
and the rectouterine pouch (of Douglas). Poste-
riorly, the part of the peritoneum that divides the
rectum into its intra- and extraperitoneal portions
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Figure 1.

Flowchart shows a step-by-step approach to lesion characterization in the female pelvis. First, it is important to determine

if a mass is peritoneal or extraperitoneal in location. If the mass arises from one of the intraperitoneal organs or peritoneal cavity,
evaluation of the ovaries (in women), the bowel, and tumor morphology is useful to narrow the differential possibilities. If the mass is
extraperitoneal in location, it is useful to determine the pelvic space where the mass is situated. EGIST = extragastrointestinal stromal

tumor, GIST = gastrointestinal stromal tumor.

is also known as the anterior peritoneal reflection
(Fig 3). At MRI, the anterior peritoneal reflection
is recognized on midsagittal T2-weighted images
as a thin hypointense line just posterior to the
uterocervical junction (Fig 3) (3).The anterior
peritoneal reflection is most readily apparent in
the presence of ascites, but may be a challenge to
locate in a case of retroverted uterus, in patients
with minimal body fat, or after surgery (3).

In addition to identifying the anterior peri-
toneal reflection, it is also useful to look at the
displacement of the normal pelvic structures
(4). Diagnostic clues that indicate that the mass
originates from the extraperitoneum are as fol-
lows (Fig 4): (@) anterior or central displacement
of extraperitoneal organs (eg, uterus or rectum),
(b) anterior or central displacement of the iliac
vessels or iliopsoas muscles or encasement of the
iliac vessels, and (¢) mass effect on or effacement
of pelvic sidewall muscles.

Diagnostic clues that indicate that the mass
originates from an intraperitoneal organ or within
the peritoneal cavity are as follows (Fig 5): (a) pos-

terior or lateral displacement of the uterus, sigmoid
colon, or iliac vessels; and () anterior displacement
of the uterus and posterior displacement of the
rectum, indicating that the mass is located in the
rectouterine pouch.

Occasionally, a large pelvic mass may span
both peritoneal and extraperitoneal compart-
ments, and it may not be possible to determine
the exact site of origin.

Tumors or Tumor Mimics Arising

from Intraperitoneal Organs

In women, the broad ligaments are paired lateral
structures formed by folds of peritoneum and serve
as the main ligaments that support pelvic organs
(Fig 6) (5).The serosa of the fallopian tubes is con-
tinuous with the broad ligament, and the fimbriae
of the fallopian tubes open to the peritoneal cavity.
The ovaries are surrounded and suspended by
the broad ligament (Fig 6). The cardinal ligament
(transverse cervical ligament of Mackenrodt) lies
at the base of the broad ligament, supporting the
cervix and upper vagina and attaching them to
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Figure 2. Drawing of an axial plane through the female pelvis shows the extraperitoneal spaces.

the lateral pelvic wall. At the superior aspect of
the broad ligament lies the round ligament, which
originates at the uterine horns and travels to the
inguinal canal (6).

The keywords ovary, bowel, and morphology can
remind the radiologist of the key steps for evalu-
ation of an unknown pelvic mass that arises from
an intraperitoneal organ or involves the perito-
neal cavity (Fig 1).

In women, most pelvic masses are of gyneco-
logic origin and arise from the ovaries or uterus.
Thus, it is first useful to distinguish ovarian le-
sions from extraovarian lesions.

Is the Mass Ovarian or Extraovarian
in Origin?

Identify Normal Ovaries.—Identification of a
normal ipsilateral ovary excludes ovarian ori-
gin of a mass. In contrast, absence of a normal
ipsilateral ovary or ovarian follicles around a mass
indicate ovarian origin.

In premenopausal women, the ovaries are
usually easily recognized at MRI as ovoid struc-
tures with intermediate T2 signal intensity (SI)
and with high T2 SI follicles (Fig 7). The ovaries
are typically located anterior to the ureters; an
ovarian mass may displace the ureters posteri-
orly (7,8). However, the position of the ovaries is
variable between patients and at different times
in the same patient owing to ligamentous laxity,
especially in parous women.

After menopause, the ovaries may be more
difficult to identify because of small size and
lack of follicles. At MRI, postmenopausal ova-
ries demonstrate homogeneous decreased T2

SI compared with the ovaries in premenopausal
women (9) (Fig 7).

If a Normal Ipsilateral Ovary Is Not Found,
Follow the Gonadal Vessels.—The gonadal
(ovarian) vessels are located anterior to the psoas
muscles. The right ovarian vein drains into the in-
ferior vena cava; the left ovarian vein drains into
the left renal vein. If a gonadal vein joins a pelvic
mass, the mass is ovarian in origin (10,11).

If a Mass Abuts the Ovary, Look for Its Rela-
tionship with the Ovary.—Several previously
described imaging signs help evaluate the relation-
ship of a mass with the adjacent organs (10,12).
The beak sign is defined as sharp angles between
the ovary and a mass, with the mass deforming

the edges of the ovary into a beak shape. The beak
sign suggests that the mass is of ovarian origin (Fig
6) (10,12). In contrast, the “bridging vessel” sign
and claw sign indicate that the mass originates
from the uterus. The bridging vessel sign refers to
the vessels extending between the uterus and the
mass, as seen with pedunculated uterine leiomyo-
mas (13).The claw sign corresponds to the uterine
tissue draping over the mass and is also typically
seen with uterine leiomyomas.

In women, uterine leiomyomas (fibroids) are
the most common benign gynecologic tumors,
with a lifetime prevalence of over 70% (14). At
MRI, nondegenerated leiomyomas appear as
well-defined low T2 SI masses with homogeneous
enhancement similar to that of the outer myome-
trium. Uterine leiomyomas usually have low SI
on high-b-value diffusion-weighted images and
apparent diffusion coefficient (ADC) maps, a
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sign known as the “T2 blackout effect” (15,16).
However, the MRI appearance of leiomyomas
can vary owing to various types of degeneration
or to histologic variants (with cellular leiomyoma
being the most common) (17). Extrauterine leio-
myomas are rare but can arise anywhere in the
pelvis and have MRI features similar to those of
their uterine counterparts (18).

In Case of an Ovarian Mass, What Is the Most
Likely Diagnosis?—Primary ovarian tumors are
divided into epithelial, germ cell, and sex cord—
stromal tumors on the basis of their cell of origin.
Epithelial ovarian tumors account for 90% of
primary ovarian cancers, occur most often in
postmenopausal women, and often manifest as
advanced-stage disease. In contrast, germ cell
tumors and epithelial borderline tumors are more
frequent in premenopausal women (19).

Figure 3. (a) Drawing of a midsagittal plane
through the female pelvis shows the peritoneal re-
flection that divides the pelvis into the peritoneal
and extraperitoneal compartments. (b) Sagittal
T2-weighted MR image shows the anterior perito-
neal reflection (yellow line). The presence of ascites
makes it easy to identify the anterior peritoneal re-
flection. Extra-P = extraperitoneal compartment,
Intra-P = intraperitoneal compartment.

An adnexal mass is usually first detected with
pelvic US. If a mass cannot be characterized
at US as definitely benign or definitely malig-
nant, MRI is the preferred imaging modality
for further characterization of a sonographically
indeterminate mass (20). Once it is established
that the mass arises from the ovary (as described
earlier), the diagnostic approach for further lesion
characterization with MRI is based on patient
age, elevated levels of tumor markers, SI of the
lesion on T'1-weighted images without and with
fat saturation and on T2-weighted images, and
lesion morphology (20-22). The details of this
topic are beyond the scope of this article; the
reader is referred to one of several recent review
articles for more in-depth discussion (20,23).

If the Mass Is Extraovarian, Does It Arise
from or Is It Associated with the Bowel?
If the ovary is not involved, one should consider
if the mass arises from the bowel, with sigmoid
cancer being the most common entity.

Sigmoid Cancer—Adenocarcinoma of the
sigmoid colon classically manifests as a circum-
ferential mass that narrows the bowel lumen.
Occasionally, a primary colonic tumor can
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Figure 4. Extraperitoneal pelvic masses. R =rectum, U = uterus. (a) Axial T2-weighted image shows a multicystic retro-

rectal lesion that displaces the rectum anteriorly (white arrow) and effaces the right iliococcygeal muscle (pink arrow),
consistent with an extraperitoneal mass (tailgut cyst). (b) Axial contrast-enhanced MR image shows a chordoma in the
retrorectal space, causing anterior and central displacement of the uterus (white arrow) and anterior displacement of
the left internal iliac vessels (pink arrow). (¢, d) Imaging features of pelvic masses that arise in the extraperitoneal space.
() Drawing shows anterior and central displacement of the rectum by an extraperitoneal mass (white arrow) with mass
effect on the pelvic muscles (pink arrow). (d) Drawing shows central displacement of the uterus (white arrow) and

anterior displacement of the right iliac vessels (pink arrow).

metastasize to the ovaries or directly invade
adjacent organs including the ovaries or uterus,
making it a challenge to accurately assess its
origin. Rarely, acute sigmoid diverticulitis can
also involve the ovaries and manifest as a tubo-
ovarian abscess.

Padidar et al (24) found that the presence
of fluid and engorged vessels in the sigmoid
mesentery favors acute diverticulitis. In contrast,
enlarged paracolic lymph nodes are an imaging
finding of colon cancer (24). In some situations,
it may not be possible to reliably distinguish
acute diverticulitis from colon cancer at imag-
ing; in this case, histologic sampling is needed
after acute inflammation/infection is treated
with antibiotics.

At MRI, the classic appearance of tubo-ovarian
abscess is an enlarged ovary with a thick-walled
fluid-intensity mass with internal gas bubbles, bet-
ter depicted on T'1-weighted images. Ascites and
peritoneal fat stranding may be present (24).

Mucocele of the Appendix.—Mucocele of the ap-
pendix is a distended appendix filled with mucin
and has a reported prevalence of less than 1%
among patients who undergo appendectomy. It is
more common in middle-aged women (female-
to-male ratio, 4:1) and is usually asymptomatic
before being discovered incidentally at imaging or
surgery (25). There are four histologic subtypes
of appendiceal mucocele: retention cyst, mucosal
hyperplasia, cystadenoma, and cystadenocarci-
noma. Preoperative diagnosis is important to avoid
intraoperative rupture and potential subsequent
development of pseudomyxoma peritonei (peri-
toneal seeding by mucinous cystadenocarcinoma
with tumor cells producing abundant mucin) (26).
MRI findings are a high T2 SI (fluid SI) tubular
structure connected to the base of the cecum (Fig
8) (27). Irregular mural thickening or enhancing
nodules in the dilated appendix should raise suspi-
cion for a cystadenocarcinoma. When a mucocele
is associated with appendicitis, the clinical mani-



RadioGraphics

RG ¢ Volume 39 Number 4

ot

C.

Nougaret et al 1211

Figure 5. Masses arising from intraperitoneal organs or within the peritoneal cavity. R =rectum, U = uterus. (a) Axial T2-
weighted image shows posterolateral displacement of the uterus (pink arrow) and lateral deviation of the external iliac ves-
sels (white arrow) by a left ovarian mass. (b) Axial T2-weighted image shows an ovarian fibrothecoma in the rectouterine
pouch displacing the uterus anteriorly (pink arrow) and rectum posteriorly (white arrow). (¢, d) Imaging features of pelvic
masses that arise from intraperitoneal organs. (c) Drawing shows posterior displacement of the uterus (pink arrow) by an
intraperitoneal mass and lateral deviation of the external iliac vessels (white arrow). (d) Drawing shows a rectouterine mass
displacing the uterus anteriorly (pink arrow) and rectum posteriorly (white arrow).

festation and imaging findings can mimic those of
acute appendicitis without mucocele (27).

Neuroendocrine Tumor.—Gastrointestinal
neuroendocrine tumors, also known as carcinoid
tumors, are most frequent in the small intestine,
particularly the distal ileum, followed by the
colorectum (28). Detection of these tumors is on
the rise, possibly owing to the increase in use of
endoscopic and imaging studies.

Carcinoid tumor is classically a small avidly
enhancing mass in the distal ileum. While the
primary tumor is often occult at imaging, mes-
enteric masses representing nodal metastases or
direct tumor extension are often readily appar-
ent. The primary tumor may be seen at MRI as
a small, intermediate T2 SI, avidly enhancing
mass or eccentric wall thickening. The associated
mesenteric masses show avid enhancement and
spiculated margins due to desmoplastic reaction
(dense fibrosis around the tumor) with or with-
out tethering and/or retraction of adjacent small

bowel loops (28). Calcifications are not readily
detected at MRI but are present in up to 70% of
cases at CT.

Gastrointestinal Stromal Tumor.—Gastrointesti-
nal stromal tumors (GISTSs) are the most com-
mon nonepithelial tumors of the gastrointestinal
tract and arise from the intestinal cells of Cajal.
Nearly all GISTs express activating mutations in
KIT, a tyrosine kinase growth factor receptor, a
useful feature for distinguishing GIST from other
mesenchymal tumors (eg, lelomyoma or leiomyo-
sarcoma) (29).

GISTs can occur anywhere along the gastroin-
testinal tract, most commonly in the stomach and
small bowel (29). Approximately 10% of GISTs
occur in the colon and rectum (29). Extragas-
trointestinal stromal tumors (EGISTSs) are rare.
Prognosis varies on the basis of the location, with
tumors located more distally along the gastroin-
testinal tract or outside the gastrointestinal tract
(EGISTs) behaving more aggressively (29).
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Figure 6. Main suspensory ligaments of gynecologic organs including the ovaries. The broad ligament is a sheet of
peritoneum that folds over and covers the surface of the uterus, fallopian tubes, and ovaries. The ovarian ligament is a
fibrous band that lies within the broad ligament and connects each ovary to the uterus. The suspensory ligament is a
peritoneal fold that contains ovarian vessels and nerves and extends outward from the ovary to the lateral abdominal
wall. The beak sign—sharp angles between the ovary and a mass—is suggestive of ovarian origin. If a lesion is extraovar-
ian, a normal ovary is usually seen adjacent to the mass. Peritoneal inclusion cysts surround the ovary, while paraovarian
cysts are located next to but separate from the ovary.

MRI features of GISTs are variable, with
most appearing as large well-defined exophytic
masses with intermediate T2 SI and heteroge-
neous enhancement due to central necrosis and
hemorrhage (Fig 9). Small GISTs (<5 cm) often
appear as round tumors with early avid homoge-
neous and persistent enhancement. In contrast,
large GISTs (>5 cm) manifest as lobulated tu-
mors with mild gradual heterogeneous enhance-
ment, intratumoral cystic change, and mucosal
ulceration (30). While hepatic and peritoneal
metastases are common, lymph node involve-
ment is unusual. The MRI appearance of rectal
GIST often overlaps with that of other rectal
malignancies; however, invasion of adjacent
organs, bowel obstruction, and regional lymph-
adenopathy are uncommon with GIST (31).

Deep Pelvic Endometriosis.—Endometriosis is

a common mimic of both cystic and solid pelvic
masses. Involvement of the gastrointestinal tract
manifests as deep endometriosis or as adhesions
causing tethering of bowel loops with or without
ovarian involvement. The vast majority of endome-
triosis cases affect the rectosigmoid junction and are
found in the context of retrocervical deep endo-
metriosis (32—34). In such cases, enhancing solid
nodular or fan-shaped lesions demonstrate predom-
inantly low SI on T2-weighted images. Small foci

of high SI best seen on T'1-weighted fat-suppressed
images allow specific diagnosis (32-34).

Sites that are less commonly involved by endo-
metriosis include the sigmoid colon, cecum, and
ileum. Bowel endometriosis is typically associated
with other sites of endometriosis, particularly
with endometriomas of the ovaries (32-34).
Thus, the combination of MRI findings and
childbearing age usually allows correct diagnosis
of bowel endometriosis even in cases of circum-
ferential or multisegment involvement.

If the Mass Does Not Involve the Ovary
or Bowel, Does It Involve the Peritoneal
Cavity?

If the mass does not involve the ovary or bowel
but does involve the peritoneal cavity, the next
step is to determine whether it is cystic or solid.

Cystic Masses

Cystic masses or tumor mimics of the perito-
neum include benign peritoneal inclusion cysts
and paraovarian cysts and malignant processes
such as pseudomyxoma peritonei. Fallopian tube
disease such as hydrosalpinx, pyosalpinx, and
hematosalpinx can also manifest as a cystic pelvic
mass, but can usually be distinguished from the
aforementioned entities with MRI by identifying
the tubular nature of the structure (35).
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Figure 7. (a) Coronal T2-weighted image in a 15-year-old girl shows multiple ovarian follicles (arrows). (b) Coronal T2-
weighted image in a 35-year-old woman shows some ovarian follicles (arrows). (c) Axial T2-weighted image in a 62-year-
old woman shows postmenopausal ovaries with homogeneous decreased S| (arrows).

Figure 8. Coronal T2-weighted fat-suppressed image
shows a high SI tubular cystic lesion (arrow) in the right
lower quadrant, consistent with a mucocele of the appen-
dix. C=cecum.

Peritoneal Inclusion Cyst.—Peritoneal inclusion
cysts are benign reactive proliferations of me-
sothelial cells in response to a peritoneal insult
(36). Prior surgery, endometriosis, and pelvic
inflammatory disease are the most common

causes of a peritoneal inclusion cyst. One of the
roles of the peritoneum is to reabsorb fluid; how-
ever, peritoneal infection or mechanical injury
can result in pelvic adhesions and reduced fluid
absorption. Peritoneal inclusion cysts are seen
largely in premenopausal women with functional
ovaries, although they can occasionally be diag-
nosed after menopause (37). Cysts vary in size
and tend to grow slowly as more fluid is secreted
by the ovaries and not reabsorbed adequately by
the impaired peritoneum (37).

Clues for diagnosis are as follows:

1. Peritoneal inclusion cyst appears as a uni-
or multilocular cyst closely associated with the
ovary and demonstrating low T'1 SI and high T2
SI at MRI. Septa representing adhesions show
mild enhancement. Solid enhancing nodules are
absent (Fig 10).

2. The ovary is entrapped by the peritoneal
adhesions and suspended centrally or eccentri-
cally within the cyst, producing a characteristic
“spider in a web” appearance (38). The ovary
may be distorted but is otherwise normal and
should not be confused with a solid enhancing
nodule (Figs 6, 10).
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Figure 9. GIST. (a) Sagittal T2-weighted image shows a mass with intermediate SI (white arrow). Note
that the mass is located above the anterior peritoneal reflection (black arrow). (b) Axial T2-weighted
image shows that the mass arises from the ileum (arrow). (c) Axial contrast-enhanced fat-suppressed T1-
weighted image shows poor enhancement of the mass (white arrow) and communication of the mass
with the ileum (black arrow). Results of pathologic analysis were consistent with a GIST arising from the

distal ileum.

3. Peritoneal inclusion cyst conforms to the
contours of the pelvic cavity because the cyst
lacks a true wall, with its margins formed by the
adhesions and adjacent organs.

Paraovarian Cyst.—Paraovarian (paratubal) cysts
are benign cysts that arise in the broad ligament
and account for 10%—-20% of all adnexal masses
(39). At MRI, paraovarian cyst is typically a
simple unilocular cyst with low T'1 SI, high T2

SI, and a thin outer wall (<3 mm) adjacent to but
separate from the ovary (Fig 11) (40).

Pseudomyxoma Peritonei.—Pseudomyxoma
peritonei is defined as the presence of mucinous
implants throughout the peritoneal cavity, which
develop as a result of ruptured mucinous adeno-
carcinoma of the appendix and secondary peri-

toneal seeding (41). At MRI, peritoneal implants
from pseudomyxoma peritonei have low T'1 SI
and high T2 SI because of the mucin. Cystic mu-
cinous implants can encase and narrow the small
and large bowel and result in bowel obstruc-
tion. Either one or both ovaries may be involved
by large frequently complex cystic metastases.
Scalloped appearance of the liver and spleen and
centrally displaced or narrowed encased bowel
loops are useful to distinguish mucinous implants
from loculated ascites (41).

Solid Masses

Solid masses in the peritoneal cavity include the
more common peritoneal metastases or carci-
nomatosis and a number of uncommon entities,
including primary peritoneal serous papillary
carcinoma, primary malignant mesothelioma,
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a. b.

Figure 10. Peritoneal inclusion cyst. (a) Coronal T2-weighted image shows a large hyperintense lesion () sur-
rounding the ovary (arrow). The ovary is entrapped by peritoneal adhesions and suspended centrally, producing
a characteristic “spider in a web” appearance. (b) Contrast-enhanced T1-weighted image shows smooth mild
enhancement, which represents adhesions. Solid enhancing nodules are absent. Note the normal enhancement

of the ovary (arrow). * = cyst.

primary lymphangiomatosis, disseminated peri-
toneal leiomyomatosis, and pelvic spleen.

Peritoneal Metastases or Carcinomatosis.—
Peritoneal metastases are secondary tumor
deposits in the omentum, along the peritoneal
surfaces, and occasionally in the mesentery. The
most frequent primary tumors that spread to the
peritoneum include ovarian and gastrointesti-
nal (gastric, colorectal, pancreatic) carcinomas.
Characteristic imaging features include nodules
or masses in the omentum and along the perito-
neal surfaces with or without ascites, usually on
a background of a known primary malignancy.
The earliest sites of peritoneal involvement are
the rectouterine pouch and peritoneal reflec-
tions, which should be carefully evaluated (42).
CT is the primary imaging modality for
evaluation of peritoneal carcinomatosis owing to
its accessibility and fast acquisition time; how-

Figure 11. Axial T2-weighted image shows
a left paraovarian cyst (white arrow). Note
the normal left ovary (black arrow) adjacent
to the mass.

ever, sensitivity varies widely between studies
and is generally low for tumor implants under

1 cm. Use of MRI, particularly with addition of
diffusion-weighted imaging (DWI), has allowed
sensitivity to surpass that of CT, particularly
for tumor implants under 1 cm or those located
in anatomically challenging sites such as the
mesentery, bowel serosa, and subdiaphragmatic
surfaces (42). At MRI, peritoneal metasta-

ses appear as intermediate T2 SI lesions with
restricted diffusion and variable enhancement
after contrast material administration.

Malignant Mesothelioma.—Malignant meso-
thelioma is a rare malignant tumor that can arise
from any serosal surface, with 70% arising from
the pleura and 20%-30% from the peritoneum.
Asbestos exposure is the strongest risk factor, with
an approximately 20—40-year interval between
initial exposure and diagnosis (43). It is likely that
higher asbestos exposure is required for develop-
ment of peritoneal mesothelioma compared with
pleural mesothelioma. Other risk factors include
radiation and exposure to metal fibers. Most cases
occur in older patients, and men are affected more
frequently than women (43).

Malignant mesothelioma typically manifests as
multiple solid enhancing masses throughout the
peritoneum with variable amounts of ascites, sim-
ilar to peritoneal metastases or carcinomatosis.
Other manifestations include diffuse infiltrating
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Table 1: Extraperitoneal Tumors That Can Occur Anywhere in the Pelvis

Composition Specific Tumor Types

Clinical Features and Imaging Findings

Cystic Lymphangioma

Solid
Fat
Lipoma

Liposarcoma

Dermoid cyst

Myxoid

Myxoma

Myxoid sarcoma

Rare, benign
Well-circumscribed cystic lesion with or without thin feathery septa
Soft lesion without mass effect; indented by adjacent structures

High T1 SI, high T2 SI; signal loss on fat-suppressed images

Well-defined homogeneous fatty mass

Typically low-SI thin peripheral capsule with or without thin septa
(<2 mm)

Absent soft-tissue component

Three patterns: mixed (most common), solid, and pseudocystic

Most common mixed pattern: fatty mass with soft-tissue
component(s) displacing adjacent organs

Higher grade associated with larger soft-tissue component

Well-defined T'1 hyperintense mass with signal drop on T'1-weighted
fat-suppressed images

LowT1 SI, high T2 SI

Enhancement depends on extent of vascular network within myxoid
stroma

Benign mesenchymal neoplasm that can occur in various anatomic
locations

Well-circumscribed lesion with low T'1 SI and high T2 SI

Variable heterogeneous enhancement

Differentiation of myxoma from myxoid liposarcoma may be difficult

Fibrous Leiomyoma

Hypervascular

EGIST Rare

High T1 SI from fat foci orient one to myxoid liposarcoma
Low T1 SI and low T2 SI with delayed enhancement
Avid enhancement during arterial phase
Solitary fibrous tumor Mesenchymal slow-growing well-circumscribed tumor
Intense heterogeneous enhancement during arterial phase, which
persists in delayed phase
Flow voids on T2-weighted images

Hypervascular mass with fibrous component

tumor or multiple small nodules (44). Absence of
lymphadenopathy and the presence of calcified
pleural plaques at chest CT may serve as useful
clues for diagnosis (44).

Disseminated Peritoneal Leiomyomatosis.—
Disseminated peritoneal leiomyomatosis is
a rare, benign, often asymptomatic condi-
tion characterized by multiple smooth muscle
tumors dispersed throughout the peritoneal
surfaces. Its pathogenesis is a matter of debate,
with possible theories including smooth muscle
metaplasia or a sequel of surgery (for example,
morcellation during laparoscopic myomectomy
with secondary seeding of the peritoneum) (18).
It mostly affects premenopausal women, since
estrogens and progesterone are the main hor-
monal drivers of tumor growth.

MRI is key to diagnosis, demonstrating well-
defined low T2 SI leiomyoma-like masses with
homogeneous or heterogeneous enhancement

similar to that of the outer myometrium and
uterine leiomyomas. Lack of omental involve-
ment, absence of ascites and lymphadenopathy,
and a characteristic appearance at MRI are
clues to the correct diagnosis. Treatment options
include conservative medical treatment with
gonadotropin-releasing hormone agonists or
bilateral salpingo-oophorectomy (18).

Extraperitoneal Spaces and

Associated Tumors or Tumor Mimics
If an unknown mass is located away from the
peritoneum, extraperitoneal origin of the mass
should be considered. As discussed earlier,
the pelvic extraperitoneum is divided into the
interconnected prevesical and perivesical spaces
anteriorly and perirectal and retrorectal spaces
posteriorly (Figs 1, 2). These spaces are most of-
ten involved via direct extension of gastrointesti-
nal or genitourinary tumors. However, primary
tumors can occur and are mainly of mesenchy-
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Table 2: Extraperitoneal Space Tumors That Occur in Specific Locations in the Pelvis

Location Composition

Specific Tumor Types

Clinical Features and Imaging Findings

Prevesical Mucinous

Retrorectal Cystic Tailgut cyst

Rectal duplication cyst

Epidermoid cyst

Meningocele

Solid, fat Myelolipoma

Along a nerve Myxoid Schwannoma
Neurofibroma

Urachal adenocarcinoma High T2 SI and calcifications at CT

Congenital lesion most commonly found in middle-
aged women

Multicystic mass with small cysts clustered together
with honeycomb pattern

Fluid-filled cyst usually located posterior to rectum/
anus; may communicate with rectum

Unilocular thin-walled lesion with low T1 SI and high
T2 SI with small hypointense foci

Well-defined unilocular cystic lesion communicating
with thecal sac via congenital defect in spine

Contains areas of macroscopic fat at CT or MRI

Low T1 SI and high T2 SI

Areas of cystic change, calcification, or occasionally
hemorrhage

Target-like pattern consisting of peripheral high SI and
central low SI may be seen on T2-weighted images

Typically associated with neurofibromatosis type 1
Target pattern, bilateral symmetric masses

mal origin, including leiomyoma, sarcoma, or
solitary fibrous tumor.

While the focus of this review is the female
pelvis, many tumors and tumor mimics in the
extraperitoneal pelvis (summarized in Tables 1
and 2) are relevant to both sexes.

Anterior Compartment

Prevesical Space.—As described earlier, the pre-
vesical space is part of the anterior compartment;
its boundaries include the transversalis fascia
anteriorly and umbilicovesical fascia posteriorly,
the umbilicus superiorly, and the pubovesical
ligament inferiorly (45) (Fig 12).The inferior
part of the prevesical space posterior to the pubic
bones and anterior to the urinary bladder is also
known as the retropubic space of Retzius (45).
The prevesical space contains loose connective
tissue; therefore, tumors and tumor mimics that
originate in the prevesical space are extremely
rare, with only isolated case reports of primary
lesions such as lymphangioma, solitary fibrous
tumor, and leiomyoma (45).

A mass in the prevesical space can be recog-
nized by posterior displacement of the urinary
bladder; sagittal images are particularly useful
for demonstrating the location of the mass (Fig
13). The most frequent masses that involve the
prevesical space include urachal adenocarci-
noma and direct spread of other genitourinary
tumors. Urachal adenocarcinoma originates
from a urachal remnant (located in the perivesi-

cal space and described in the following section)
and subsequently invades the prevesical space
(45,46) (Fig 13).

Perivesical Space.—The perivesical space is a
small potential space that is enveloped by the um-
bilicovesical fascia. The umbilicovesical fascia fuses
posteriorly with the rectovaginal fascia (1).The
perivesical space contains the urachus (median
umbilical ligament), obliterated umbilical arteries
(medial umbilical folds), and urinary bladder. The
perivesical space is continuous posteriorly with

the lower uterus. As with the prevesical space, the
perivesical space is most commonly involved by di-
rect tumor extension from the bladder or urachus.

Bladder tumors are broadly divided into the
common epithelial tumors (95%) and the rare
nonepithelial (mesenchymal) tumors. Urothelial
lesions (ranging from benign to malignant) are
the most common epithelial tumors, with squa-
mous cell carcinoma and adenocarcinoma being
the second and third most frequent, respectively.
The TNM system is the most widely used stag-
ing system, with the local T designation reflect-
ing the depth of tumor invasion (47). Accord-
ing to the recommendations of the American
College of Radiology (ACR), dedicated MRI of
the pelvis is the best modality for local staging of
bladder cancer (48).

Tumors confined to the muscle layer (T2)
have a better prognosis than those that extend
through the bladder wall into the perivesical fat
(T3) and beyond, owing to higher rates of occult
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Figure 12. Midsagittal plane through the female pelvis shows the prevesical space, outlined
anteriorly by the transversalis fascia and posteriorly and laterally by the umbilicovesical fascia.

metastases at diagnosis with increasing T stage.
T3 disease is divided into T'3a microscopic peri-
vesical fat invasion, which cannot be resolved at
imaging, and T3b macroscopic invasion. Detec-
tion of macroscopic invasion with MRI relies

on loss of the clear bladder wall-perivesical fat
interface and the presence of tumor nodules or
fat stranding in the perivesical fat. MRI may be
more sensitive than CT in delineating extravesical
extension owing to its higher soft-tissue contrast
(49). Muscle invasion is seen as interruption of
the low T2 SI muscle layer by intermediate T2
SI tumor with restricted diffusion; perivesical
extension is seen as intermediate T2 SI tumor
with restricted diffusion projecting into high T2
SI perivesical fat.

Urachal lesions can involve the perivesical
space as well. The urachus is a tubular structure
that extends superiorly from the anterior dome
of the bladder to the umbilicus. It is a vestigial
remnant of two embryonic structures: the cloaca
and allantois. The urachus normally involutes,
remaining as a fibrous band with no known
function. However, persistence of an embryonic
urachal remnant can lead to urachal carcinoma.

Urachal carcinoma is a subtype of adenocarci-
noma (one-third of all adenocarcinomas) that is
associated with the urachal remnant. The mean
age at diagnosis is 50 years; unlike with other blad-
der cancers (which are more common in men),
there is no sex predilection. Patients manifest with
large tumors because the disease is clinically silent
until advanced stages. The tumor location is best
demonstrated on sagittal images.

At MRI, urachal carcinoma is a large enhanc-
ing supravesical infraumbilical mass with high T2

Figure 13. Sagittal T2-weighted image shows a mid-
line cystic mass (x) with solid components extending
through the bladder dome (black arrow) and into the
prevesical space (white arrows), consistent with a ura-
chal adenocarcinoma.

ST areas corresponding to mucin (Fig 13) (46).
Given the extravesical location, lack of symptoms
until a large size is attained, and advanced stage at
diagnosis, the pretreatment images should be scru-
tinized for peritoneal spread and lymphadenopa-
thy. Radical cystectomy with en-bloc resection

of the tumor, peritoneum, and abdominal wall is
the mainstay of treatment; however, the prognosis
is generally poor owing to the advanced stage at
presentation (46) (Fig 13).

Middle Compartment
The middle compartment of the female pelvis
houses the vagina, uterine cervix, and uterine
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corpus. A number of benign or malignant lesions
can arise from these organs. MRI plays a key role
in diagnosis, including assessment of symptom-
atic uterine leiomyomas before intervention and
differentiation of uterine leiomyomas from uter-
ine sarcomas, of which uterine leiomyosarcoma
is the most common subtype (15,50). Recently,
Lakhman et al (50) demonstrated that the pres-
ence of three or more out of four qualitative MRI
features—nodular borders, hemorrhage, T2 dark
areas, and central nonenhancement—is strongly
associated with leiomyosarcoma.

MRI is also central to locoregional staging
of cervical, endometrial, and vaginal cancers. In
this setting, MRI findings guide patient manage-
ment. In cervical cancer, MRI allows assessment
of tumor extent and helps decide between surgery
or chemoradiotherapy (51). Parametrial invasion
is diagnosed when tumor disrupts the low SI of
the outer stroma. At MRI, a spiculated or nodular
tumor-parametrial interface or encasement of para-
metrial vessels by tumor is highly specific for tumor
extension into the parametrium (51).

In endometrial cancer, MRI helps assess the
depth of myometrial invasion, a key prognostic
factor that correlates with tumor grade, presence
of lymph node metastases, and overall survival
(52). At MRI, tumor extension of more than 50%
of myometrial thickness indicates deep myome-
trial invasion (52).

Finally, MRI can help clarify the organ of
origin when a locally extensive middle compart-
ment tumor invades the anterior or posterior
compartment or, occasionally, when results of
histopathologic sampling are inconclusive with
regard to cervical versus endometrial origin of
adenocarcinoma. Detailed discussion of these
topics is beyond the scope of this review, but they
are discussed in depth in several recent original
research and review articles (14,50-52).

Posterior Compartment

Perirectal Space.—The mesorectal fascia defines
the margins of the perirectal space (mesorec-
tum). The mesorectal fascia is an aggregate of
the rectovaginal fascia anteriorly and pelvic fascia
posteriorly (1). The lateral aspects of the meso-
rectal fascia are also known as the uterosacral
ligaments. The perirectal space surrounds the
rectum and contains mesorectal fat with inter-
spersed mesorectal lymph nodes, vessels, nerves,
and lymphatic channels.

Involvement of the mesorectum is usually by
rectal tumors, with adenocarcinoma of the rec-
tum being the most frequent cause. MRI is a key
imaging modality for accurate initial staging and
posttreatment assessment of rectal cancer. For
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initial staging, use of MRI significantly improves
detection and evaluation of T3 disease (tumor
extension beyond the rectal wall into the meso-
rectal fat) (53,54). Patients who have T3 tumors
with over 5-mm mesorectal invasion have lower
survival (around 50% at 5 years) than patients
with less than 5-mm tumor invasion (85% at 5
years) (55).The reader is directed to references
53 and 54 for in-depth coverage of this topic.
Other rare primary rectal tumors that may
extend into the mesorectal fat include GIST,
neuroendocrine tumors, and primary rectal mela-
noma. The mesorectum can also be involved by
lymph node metastases from rectal, prostatic, or
gynecologic cancers or by lymphoma.

Retrorectal Space.—The retrorectal space is a
virtual space situated between the mesorectal
fascia anteriorly and presacral fascia posteriorly.
It is bordered superiorly by the peritoneal reflec-
tion, inferiorly by the levator ani and coccygeus
muscles, and laterally by the ureters and iliac ves-
sels (Fig 14) (56). The retrorectal space may be
involved by a number of rare tumors and tumor
mimics (Tables 1, 2). Up to two-thirds of tumors
in the retrorectal space are congenital, explained
by the fact that this space contains embryologic
remnants derived from the neuroectoderm, hind-
gut, and notochord (57).

Retrorectal Tumors and Their Mimics
Retrorectal tumors and their mimics are best
evaluated and characterized at MRI using their
SI and morphology as a guide (Fig 15) (56). An-
terior displacement of the rectum and perirectal
space, most easily seen on sagittal images, is the
best clue to rectorectal location of a mass.

The stepwise approach to lesion characterization
of the retrorectal space consists of the following
considerations: (a) Does a retrorectal lesion have
high T'1 SI? () If the retrorectal lesion has low
T1 SI, what is its T2 SI and morphology?

Does the Retrorectal Lesion
Have High T1 SI?
Increased SI on T'1-weighted images is indicative
of a fat-containing or hemorrhagic lesion. Signal
loss after fat saturation is consistent with intral-
esional macroscopic fat, whereas persistent high
SI suggests hemorrhagic contents.

Fat-containing Masses

The diagnostic possibilities include dermoid cyst,
myelolipoma, lipoma, liposarcoma, and sacrococ-
cygeal teratoma.

Dermoid Cyst.—Dermoid cyst is a type of
developmental cyst composed of at least two
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Figure 14. Sagittal (left) and axial (right) T2-weighted images show the mesorectum (perirectal space), mesorectal fascia, and

retrorectal space.

of the three germ cell layers (ectoderm, meso-
derm, and endoderm). At MRI, the presence of
signal drop on fat-suppressed images is charac-
teristic (58).

Myelolipoma.—Myelolipoma is a benign mes-
enchymal tumor composed of fat and hemato-
poietic elements. Myelolipomas are most fre-
quently found in the adrenal glands. However,
presacral myelolipomas account for up to 50%
of extra-adrenal occurrences of this entity.

At MRI, high T1 SI with loss of signal on fat-
saturated images and intermediate to high T2
SI are typical (59). Distinction between myeloli-
poma and liposarcoma may be difficult, as both
manifest with fat and soft-tissue components.
Liposarcoma may demonstrate less well-defined
margins and a more invasive and infiltrative pat-
tern than myelolipoma (59).

Lipoma and Liposarcoma.—As with their retro-
peritoneal abdominal counterparts, distinction
between retrorectal lipoma and liposarcoma can
be a challenge because their imaging appear-
ances may overlap. Lipomas are usually well-de-
fined homogeneous encapsulated fatty masses.
In contrast, the imaging features of liposarcomas
vary depending on the tumor grade. Well-differ-
entiated liposarcomas are well-defined predomi-
nantly fat-containing lesions with minimal soft
tissue. On the other hand, poorly differentiated
liposarcomas appear as predominantly soft-
tissue masses with minimal fat (60).

Sacrococcygeal Teratoma.—Sacrococcygeal tera-
toma is a germ cell tumor most commonly seen
in infants and children (61). In children, they are
mostly found at initial physical examination as a
large mass protruding from the sacrococcygeal
area. The neonatal form is commonly benign, but
those found in the adult population can undergo
malignant transformation if left untreated. Their
imaging appearance varies from cystic to solid
with internal fat and calcification (61). The sa-
crum and coccyx can be involved.

Hemorrhagic Lesions

Endometriosis is the most common cause of a
hemorrhagic lesion in the retrorectal space. Typi-
cal MRI features of endometriosis are similar to
those in other locations and include a low T'1 and
T2 SI fibrotic lesion with spicules and retraction
due to fibrosis/scarring and with interspersed
foci of hemorrhage (high T1 and T2 SI foci that
persist on fat-saturated images) (34).

If a Retrorectal Lesion Has Low T1 SI,
What Is Its T2 SI and Morphology?
In the case of a lowT'1 SI presacral lesion, one
should distinguish between a cystic mass (T2
hyperintense) versus a solid mass (low to inter-
mediate T2 SI).

T2 Hyperintense Lesion

If the mass is cystic, it is then useful to distin-
guish between unilocular versus multilocular
cystic lesions.
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Figure 15. Algorithmic approach to retrorectal masses. Conventional T1-weighted imaging (77) allows retrorectal masses to be
subdivided into two types: T1 hyperintense masses and T1 hypointense masses. T1 hyperintense masses require further assessment

with fat-saturated (FS) T1-weighted imaging to distinguish fat from

blood. T1 hypointense masses require further evaluation with

T2-weighted imaging (72). T1 hypointense masses can be subdivided into T2 cystic masses and T2 solid masses.

Unilocular Cystic Lesions

Unilocular cystic retrorectal lesions include two
type of developmental cysts—namely, rectal
duplication cyst and epidermoid cyst—as well as
anterior sacral meningocele.

Rectal Duplication Cyst.—Rectal duplication cyst
is a sequestration of the hindgut and is usually
discovered in children under 2 years of age. It is
a spherical or elongated fluid-filled cyst, usually
found posterior to the rectum or anus. At MRI,
direct communication with the rectal lumen or
anus may or may not be present. The cyst wall
has its own mucosa and submucosa, while the
muscularis propria is shared with the rectum.
Surgical removal of a rectal duplication cyst is
mandatory, as malignant degeneration to adeno-
carcinoma or squamous cell carcinoma occurs in
20% of cases (62).

Epidermoid Cyst.—Epidermoid cysts are rare,
but when they occur, they are most commonly
observed in middle-aged women. They appear as
unilocular thin-walled lesions with heterogeneous
low T'1 SI and high T2 SI with possible small

low-SI foci due to the presence of keratin (63).
The thin wall is a useful feature to distinguish an
epidermoid cyst from a duplication cyst.

Anterior Sacral Meningocele.—Anterior sacral
meningocele is a rare congenital disorder that
occurs when the dural sac herniates into the
presacral space because of agenesis of a portion
of the anterior sacrum. In approximately 50% of
patients, it is associated with additional malfor-
mations, such as spina bifida, spinal dysraphism,
bicornuate uterus, and imperforate anus. At MRI,
it is helpful to look for a sacral defect, which is
associated with a well-defined unilocular thin-
walled fluid-filled lesion communicating with the
thecal sac (Fig 16) (64).

Multilocular Cystic Lesions

A multilocular cystic retrorectal lesion is suggestive
of a tailgut cyst. Tailgut cysts or cystic hamartomas
are a type of developmental cyst caused by incom-
plete regression of the embryonic tailgut. They

are most frequent in middle-aged women and are
usually discovered incidentally. However, infection
may be the first manifestation of a tailgut cyst.
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Figure 16. Sagittal T2-weighted image shows a cystic
mass in the retrorectal space (black arrow) that com-
municates with the thecal sac (white arrow), consistent
with a meningocele.

At imaging, they are multicystic lesions with
small cysts clustered together and adherent to
the main cyst, resulting in a honeycomb pattern
(Fig 17) (65). They may adhere to the sacrum or
rectum but do not communicate with the rectal
lumen. They demonstrate variable ST onT1- and
T2-weighted images, depending on the protein
and mucin content (63,65). The cyst wall and
septa may mildly enhance after contrast material
administration.

Malignant transformation to adenocarcinoma
or carcinoid tumor is suspected when a cystic
mass demonstrates irregular margins, wall thicken-
ing, and marked enhancement after intravenous
contrast material administration or the presence of
enhancing internal soft-tissue nodules (65).

T2 Hypointense/lsointense Lesion

T2 hypointense/isointense masses are solid
presacral lesions. Most are due to direct tumor
extension from the rectum or bones (eg, giant
cell tumor, chordoma, Ewing sarcoma, osteo-
sarcoma, chondrosarcoma). Solid masses that
arise in the retrorectal space are uncommon and
include both benign and malignant neurogenic
and mesenchymal tumors. Schwannoma, neurofi-
broma, paraganglioma (neurogenic tumors), and
solitary fibrous tumor (mesenchymal tumor) are
described in this section. Myelolipoma, lipoma,
and liposarcoma—fat-containing mesenchymal
tumors in this location—have already been de-
scribed in the section on fat-containing retrorec-
tal lesions.

radiographics.rsna.org

Figure 17. Axial T2-weighted image shows a multi-
cystic lesion with a honeycomb pattern (white arrow),
consistent with a tailgut cyst. Note the extraperitoneal
location of the lesion, displacing the rectum anteriorly
(black arrow).

Figure 18. Axial T2-weighted image shows a well-
defined moderately hypointense mass (white arrow) lo-
cated eccentric to the nerve (black arrow), representing
a schwannoma.

Neurogenic Tumors

Schwannoma.—Schwannoma is a benign encap-
sulated neurogenic tumor occurring most com-
monly in young to middle-aged women (66). At
MRI, the mass is usually seen eccentric to the
nerve and may demonstrate low T'1 SI and high
T2 SI (Fig 18). Areas of cystic change, a pseudo-
capsule, and hemorrhage may also be seen.

The fat split, target, and fascicular signs have
been described in association with schwannomas
(66). The fat split sign is a thin rim of fat around
the lesion, seen as high T'1 SI. The target sign con-
sists of a peripheral high-SI myxoid component
and a central low-SI fibrous component on T2-
weighted images. The fascicular sign corresponds



RadioGraphics

RG ¢ Volume 39 Number 4

Nougaret et al 1223

Figure 19. Axial T2-weighted image shows
an intermediate-SI retrorectal mass (black
arrow) that represents a neurofibroma.
Note the fascicular sign with multiple low-SI
strands (white arrow), which represent the
fascicular bundles within the nerves.

a. b.

Figure 20. (a) Sagittal T2-weighted image shows a large retrorectal mass with low-to-intermediate SI
due to fibrous tissue (black arrow) and areas of high SI consistent with cystic areas (pink arrow). (b) Axial
CT image shows intense enhancement (arrow). Results of pathologic analysis were consistent with solitary

fibrous tumor.

to multiple low-SI strands with peripheral high SI
on T2-weighted images, representing the fascicular
bundles within the nerves (Fig 19).

Neurofibroma.—Neurofibroma is a benign en-
capsulated neurogenic tumor arising from nerve
sheaths, with plexiform neurofibroma a specific
subtype almost always seen in neurofibromatosis
type 1. Neurofibromas comprise 5% of all benign
soft-tissue neoplasms, with 90% manifesting as
solitary masses (67). In the presence of multiple
neurofibromas, the diagnosis of neurofibromatosis
type 1 should be suspected. On T2-weighted im-
ages, neurofibromas demonstrate the target sign
more frequently than schwannomas. The fascicular
sign can also be seen (67) (Fig 19).

Mesenchymal Tumors

Solitary Fibrous Tumor.—Solitary fibrous tumor
is a mesenchymal tumor of fibroblastic or myofi-

broblastic origin (68). Solitary fibrous tumors are
most common in the pleura but can occur in other
anatomic locations, including the pelvic peritoneum
and extraperitoneal organs/spaces. These tumors
manifest in middle-aged patients, have no sex predi-
lection, and often come to medical attention owing
to pressure symptoms. The majority are benign
slow-growing masses; malignant masses may arise
de novo or by way of malignant degeneration.

MRI features suggestive of solitary fibrous
tumor include a well-defined lobulated mass
with heterogeneous low SI and flow voids on
T2-weighted images and avid and persistent
enhancement after contrast material administra-
tion due to high vascularity and fibrous stroma
(Fig 20) (68).

Vesicovaginal Space

and Rectovaginal Fascia

The vesicovaginal space (Fig 21) and rectovagi-
nal fascia (often referred to as the rectovaginal
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Figure21. (a)Midsagittal planethrough thefemale pelvis shows the vesicovaginalfascia. (b, c) Sagittal (b)
and axial (c) T2-weighted images show an intermediate-SI lesion (arrow) in the vesicovaginal fascia. Note
the mass effect on the urethra anteriorly and vagina posteriorly. At biopsy, the lesion represented vaginal

sarcoma.

septum) (Fig 22) represent virtual extraperito-
neal spaces. They consist of a meshwork of areo-
lar connective tissue, collagen fibers, and smooth
muscles. Apart from separation of the urogenital
organs and the rectum, they serve as anchors of
the pelvic floor and conduits of nerves (69).

Masses in these locations are rare; the majority
result from direct tumor growth from the rectum,
uterus, cervix, or vagina or less commonly from
the bladder. Metastases may derive from ovar-
ian cancer or rarely hematogenous spread from
extragenital cancers (eg, of the gastrointestinal
tract, pancreas, or breast).

Primary tumors are rare with limited infor-
mation in the literature and include EGIST,
adenocarcinoma, sarcomas, and leiomyomas. In
contrast to GIST's, EGIST's are associated with
younger age at presentation, poorer prognosis,
and high risk of local recurrence (70). At MRI,
they manifest as exophytic heterogeneously
enhancing masses compressing the rectum or
vagina. No continuity with the rectum is found,
in contrast to GIST.

Adenocarcinomas arising in the rectovaginal
septum are rare and most commonly are associated
with endometriosis, thus likely representing ma-
lignant degeneration of deep pelvic endometriosis
(71). Involvement of the rectovaginal septum has
been reported in 10% of cases of deep pelvic en-
dometriosis (33). Imaging features include a solid
intermediate T2 SI mass with variable enhance-
ment and small foci of hemorrhage, depicted as
high-SI foci on fat-saturated T'1-weighted images,
consistent with a background of endometriosis.

Imaging as a Road Map
for Surgical Management

Pelvic tumor management depends on results
of tumor histologic analysis, peritoneal versus
extraperitoneal location, size, which structures
are involved, and whether the tumor is primary or
recurrent. Pelvic tumor recurrence is beyond the
scope of this discussion, as we focus on consider-
ations for primary tumor management.

The role of the radiologist, as a consultant, is
mainly to provide some clues as to the diagnosis
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Figure22. (a)Midsagittal plane through the female pelvis shows the rectovaginal fascia. (b, ) Sagittal (b)
and axial (c) T2-weighted images show a large mass in the rectovaginal fascia (arrow in b), which com-
municates with the rectum (arrows in c). At biopsy, the mass was consistent with a GIST.

of the mass, its location, and its extent to guide
treatment selection. When disease is limited, sur-
gical resection is often the method of choice for
treating primary pelvic tumors. It allows allevia-
tion of symptoms, a final diagnosis, and a chance
for a cure. However, up-front surgery may not
be possible or may be challenging. When surgery
is not possible, patients are referred for chemo-
therapy, radiation therapy, or hormonal therapy,
depending on tumor type and lesion size.

The radiology report can be summarized by
three keywords: tumor, location, and extent.

First, evaluation of the tumor, including its
size and MRI SI characteristics, needs to be
described. These features, in combination with
the location (which is addressed next), will assist
in deciding what are the most likely diagnosis
and most likely differential possibilities, which
should be given in the conclusion of the report.
Indeed, benign or probably benign tumors at
imaging will be managed differently from pos-
sibly malignant tumors.

Benign pelvic lesions are usually treated with
circumferential excision, in contrast to malignant
or potentially malignant tumors, which are treated

with en bloc resection (ie, removal of tumor by
incising through normal surrounding tissues,
preventing contact with the tumor and resulting
in a wide surgical margin). Lesion measurements
in the three planes are important, as large lesions
require wider excision and, in some cases, a com-
bined surgical approach (ie, opening of both the
peritoneal cavity and extraperitoneal sites).

Second, careful evaluation of the location of
the mass is mandatory, and as stated previously, is
important in narrowing the differential diagnosis.
Specifically, determining whether a mass involves
the intraperitoneal or extraperitoneal spaces (or
both) can dictate the surgical approach. A perito-
neal approach (ie, opening the peritoneal cavity to
access the intraperitoneal organs) is proposed for
intraperitoneal tumors, such as tumors originating
from the bowel or ovaries.

An extraperitoneal approach (ie, limited
surgery without opening the peritoneal cavity)
can be used for extraperitoneal masses, depend-
ing on their size, diagnosis, and location. For
example, in the case of a small suspected benign
or developmental retrorectal tumor, a transsacral
approach (known as the Kraske procedure) is
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Figure 23. Coronal T2-weighted image shows a
hemicircumferential left rectal tumor (x) extending
into the puborectalis muscle. Note the intermediate
Sl of the tumor (arrow) disrupting the low Sl of the
left puborectalis muscle.

favored. It consists of posterior transection of the
coccyx and a portion of the sacrum (72).

Third, tumor extent in relation to surround-
ing organs and neurovascular and musculoskel-
etal structures needs to be carefully evaluated to
determine whether complete surgical resection
is possible. Absolute and relative contraindi-
cations to surgical resection can vary widely
between institutions and are influenced by avail-
able local surgical expertise. Consequently, the
role of the radiologist is not to describe disease
as resectable or unresectable, but rather to alert
the surgeon to tumor features that may compli-
cate or preclude surgery.

Key features that should be addressed in the
imaging report include the presence of bladder,
urethral, or rectal invasion, including invasion of
the anal canal (Fig 23). In addition, the likeli-
hood of vascular (common and external iliac),
neural (lumbosacral plexus and sciatic nerve),
muscle, or bone involvement and the presence of
lymphadenopathy, peritoneal implants, or distant
metastases need to be carefully assessed.

Rectal or bladder involvement is best evalu-
ated on T2-weighted images. Serosal involve-
ment is suspected when the tumor abuts the
bladder/rectum with loss of the high-SI fat plane
between the tumor and the organ. In deeper
involvement of the bladder/rectal wall, tumor in-
terrupts the low SI of the muscular layer (mus-
cle involvement). In contrast, a well-defined fat
plane between the tumor and the bladder/rec-
tum excludes involvement.

Tumor extension to the iliac vessels (com-
mon and external iliac) should be scrutinized
for abutment (tumor surrounding <50% of the
vessel circumference), encasement (tumor sur-
rounding >50% of the vessel circumference),
and/or luminal invasion (tumor seen within the

radiographics.rsna.org

vessel) (Fig 24). At MRI, a well-defined and
uninterrupted fat plane around vessels excludes
involvement. Encasement of the common iliac
and external iliac vessels may be a relative
surgical contraindication, depending on avail-
able surgical expertise and tumor type. Vascular
reconstruction with grafts may be appropriate
in treatment of some tumors, such as primary
soft-tissue sarcomas (23). Involvement of the
internal iliac vessels is not an obstacle because,
if involved, these vessels can be sacrificed owing
to existing collaterals (73).

Tumor extent in relation to important neural
structures requires evaluation. While small nerves
can be sacrificed, larger structures such as the
lumbosacral plexus or proximal sciatic nerve are
a surgical challenge with high morbidity risk, and
their involvement may be a contraindication to
resection. The following features raise suspicion
for nerve invasion: nerve enlargement (larger
than the adjacent artery), increased T2 SI of the
nerve (similar to that of the adjacent blood ves-
sels), loss of fascicular pattern, and enhancement
of the nerve (74).

Involvement of the pelvic sidewall muscles
(obturator internus and piriformis) or abdomi-
nal wall muscles may not be an absolute contra-
indication to resection but requires pretreatment
documentation to adequately plan resection and
any required reconstructive surgery. Similarly,
tumor extension within the pelvic floor (eg,
puborectal muscle, perineum, ischioanal fossa)
must be carefully scrutinized, as it changes sur-
gical management. For example, puborectal ex-
tension precludes sphincter-sparing surgery (Fig
23). Features of muscle invasion at MRI include
intermediate T2 SI within the muscle, muscle
enlargement and enhancement, or discrete en-
hancing tumor nodules within the muscle.
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Figure 24. (a) Axial plane through the female pelvis shows key features important for resection. Involve-
ment of the internal iliac vessels or pelvic organs is not a contraindication to resection. Involvement of
the external iliac vessels, bones, or proximal nerves (lumbosacral plexus and sciatic nerve) is a relative
contraindication to resection. (b) Axial T2-weighted image shows a recurrence of endometrial cancer
with muscular abutment but no invasion (black arrow) and anterior abutment of the external iliac vessels
without encasement (white arrow). (c¢) Contrast-enhanced T1-weighted image shows a recurrence of
cervical cancer with encasement of the external iliac vessels (arrow).

Similarly, bone involvement needs to be de-
fined to plan for involvement of an orthopedic
surgeon during resection. Bone invasion is sus-
pected at MRI when tumor abuts the bone and
contiguous low T'1 SI replaces the normal high
T1 SI of bone marrow. Cortical bone destruction
is seen as loss of well-defined low T'1 SI cortex
superficial to the bone marrow and is also well vi-
sualized at CT. In general, it is possible to resect
the pelvic bones, sacrum, and coccyx; however,
this can lead to increased morbidity, positive
margins, and perioperative bleeding risk.

Conclusion
Pelvic tumors and their mimics in the female
pelvis can present a diagnostic challenge. The
reasons are complex anatomy of the pelvis, a wide
variety of potential causes, difficulty in assess-
ing the organ of origin, and overlap in imaging
appearances between the lesions. We hope that

the description of the anatomy and the systematic
approach to MRI interpretation presented in this
article can help the reader navigate the pelvic
spaces and commonly encountered lesions in
these spaces with greater confidence.
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