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SA-CME LEARNING OBJECTIVES

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

m Describe the anatomy of the female
genital tract and the CT features of
early- and late-stage PID.

m Identify the CT imaging findings asso-
ciated with complications of PID.

m Describe the CT mimics of PID, in-
cluding their imaging characteristics and
differentiating features.

See www.rsna.orgleducation/search/RG.

Pelvic inflammatory disease (PID) is a common medical prob-
lem, with almost 1 million cases diagnosed annually. Historically,
PID has been a clinical diagnosis supplemented with the findings
from ultrasonography (US) or magnetic resonance (MR) imaging.
However, the diagnosis of PID can be challenging because the clini-
cal manifestations may mimic those of other pelvic and abdominal
processes. Given the nonspecific clinical manifestations, computed
tomography (CT) is commonly the first imaging examination per-
formed. General CT findings of early- and late-stage PID include
thickening of the uterosacral ligaments, pelvic fat stranding with
obscuration of fascial planes, reactive lymphadenopathy, and pelvic
free fluid. Recognition of these findings, as well as those seen with
cervicitis, endometritis, acute salpingitis, oophoritis, pyosalpinx,
hydrosalpinx, tubo-ovarian abscess, and pyometra, is crucial in al-
lowing prompt and accurate diagnosis. Late complications of PID
include tubal damage resulting in infertility and ectopic pregnancy,
peritonitis caused by uterine and/or tubo-ovarian abscess rupture,
development of peritoneal adhesions resulting in bowel obstruction
and/or hydroureteronephrosis, right upper abdominal inflamma-
tion (Fitz-Hugh—Curtis syndrome), and septic thrombophlebitis.
Recognition of these late manifestations at CT can also aid in
proper patient management. At CT, careful assessment of com-
mon PID mimics, such as endometriosis, adnexal torsion, ruptured
hemorrhagic ovarian cyst, adnexal neoplasms, appendicitis, and
diverticulitis, is important to avoid misinterpretation, delay in man-
agement, and unnecessary surgery. Correlation with the findings
from complementary imaging examinations, such as US and MR
imaging, is useful for establishing a definitive diagnosis.
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Introduction
Pelvic infection is the most frequent gynecologic cause of emer-
gency department visits, with the number of such visits approach-
ing 350000 per year in the United States (1). As many as 70% of
the adolescent patients with pelvic inflammatory disease (PID)
are diagnosed in the emergency department (2), and nearly 1
million patients with PID are diagnosed annually in the United
States (3). Despite its relative frequency, pelvic infection can
represent a diagnostic dilemma because the symptoms are often
mild and nonspecific and may not direct the clinician toward the
correct diagnosis. In this setting, computed tomography (CT)
of the abdomen and pelvis is frequently performed as the ini-
tial diagnostic imaging examination, which allows the referring
physicians to promptly assess for a broad spectrum of pathologic
conditions, such as appendicitis, diverticulitis, adnexal torsion,
and bowel obstruction. A thorough understanding of the CT find-
ings of early and late manifestations of PID is therefore crucial
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TEACHING POINTS

B Posterior extension of inflammatory adnexal or tubal disease
often causes thickening of the uterosacral ligaments and in-
creased haziness of the presacral and perirectal fat planes.

B Salpingitis should be suspected at CT when the fallopian
tubes are thickened, measuring more than 5 mm in axial
dimension, and show enhancing walls. Associated free fluid
may be depicted within the cul-de-sac. For the diagnosis of
PID, the CT finding of tubal thickening was found to have a
high specificity of 95%.

B A pathognomonic finding of hydrosalpinx at US, CT, and MR
imaging is a “cogwheel” appearance of the tube when im-
aged in cross section, an appearance that is due to thickened
longitudinal folds. Otherwise, the wall of the tube is thin and
shows no appreciable enhancement or hyperemia.

B Anterior displacement of the broad ligament, because of the
posterior position of the mesovarium, may allow differentia-
tion of a tubo-ovarian abscess from a pelvic abscess of other
origin. In addition, pelvic abscesses originating from the ap-
pendix, colon, and bladder tend to have thicker walls and
may be located further from the adnexa.

B Common CT imaging features that distinguish ovarian torsion
from PID include an enlarged ovary with a diameter of more
than 5 cm, a lack of ovarian contrast enhancement, and uter-
ine deviation toward the affected side.

to properly interpret the findings from these
examinations and aid in the establishment of a
definitive diagnosis.

In this article, the anatomy of the uterus,
ovaries, and fallopian tubes is reviewed, as well
as their supporting structures and related spaces;
and their involvement in pelvic inflammatory
processes is described. Expected CT findings in
the early and late stages of PID are described,
with a specific focus on cervicitis, endometritis,
salpingitis, oophoritis, pyosalpinx, hydrosalpinx,
tubo-ovarian abscess, and pyometra. Compli-
cations and late sequelae of PID are reviewed,
including tubal damage, uterine and tubo-ovarian
abscess rupture, development of abdominal and
pelvic peritoneal adhesions, right upper abdomi-
nal inflammation (Fitz-Hugh—Curtis syndrome),
and ovarian vein thrombophlebitis. Finally,
the CT mimics of PID, such as endometriosis,
adnexal torsion, ruptured hemorrhagic ovar-
ian cyst, adnexal neoplasms, appendicitis, and
diverticulitis, are reviewed. The findings from
other complementary imaging modalities, such
as ultrasonography (US) and magnetic resonance
(MR) imaging, are correlated with the CT find-
ings, and images of intraoperative procedures and
histopathologic specimens are provided.

Background
PID encompasses all upper genital tract infec-
tions, including cervicitis, endometritis, sal-
pingitis, oophoritis, hydrosalpinx, tubo-ovarian
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abscess, and peritonitis (4). The cause of PID is
typically an ascending lower genital tract infec-
tion. The proposed pathway of spread of caus-
ative agents is usually by direct upward exten-
sion of infection from the vagina to the cervix,
followed by the fallopian tubes and ovaries,
and, finally, to the peritoneal cavity. Hematog-
enous spread and extension of infection from
adjacent organs are less common causes of PID.
The etiology of PID has been linked to sexually
transmitted microorganisms such as Chlamydia
trachomatis, Neisseria gonorrhoeae, Mycoplasma
genitalium, and gram-negative bacteria (4).
Polymicrobial infections account for 30%—40%
of reported cases of PID (5,6). Tuberculosis and
actinomycosis occur much less frequently.

Common clinical symptoms of PID include
pelvic pain, fever, vaginal discharge, dyspareu-
nia, leukocytosis, and other vague constitutional
symptoms. Major risk factors include a history
of multiple sexual partners, young age, a prior
uterine procedure, and intrauterine devices (5).

The clinical history and the findings at physi-
cal examination, in conjunction with US find-
ings, are usually diagnostic. However, given the
vague and nonspecific presenting symptoms,
CT is often the first imaging examination per-
formed. CT is useful in assessing the extent of
peritoneal disease, evaluating chronic or recur-
rent PID, evaluating for disease complications,
and excluding other differential diagnostic con-
siderations. MR imaging is useful in the delinea-
tion of the uterine and adnexal structures and
the differentiation of PID from other pathologic
processes. Laparoscopy is not optimal as a diag-
nostic tool because of its invasive nature.

In the absence of complications, PID is gen-
erally treated conservatively with a short course
of oral antibiotic therapy. Patients with compli-
cated PID frequently require hospitalization,
with intravenous administration of antibiotic
therapy, in addition to percutaneous or surgical
drainage of pelvic abscesses if present.

Anatomy
The uterus is located in the pelvis between the
urinary bladder and the rectum. The body of
the uterus lies between the layers of the broad
ligament and is freely movable. The peritoneal
reflections covering the uterus and bladder
form the vesicouterine pouch, and those cover-
ing the uterus and rectum form the rectouter-
ine pouch. The broad ligament assists in fixing
the uterus in place and represents a double
layer of peritoneum (mesentery) that extends
from the sides of the uterus to the lateral walls
and floor of the pelvis. The portion of the
broad ligament that forms the mesentery of the
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Figure 1. Diagrams showing relative female pelvic anatomy.

uterine tube (fallopian tube) is termed the mze-
sosalpinx. The ovaries lie close to the fimbriae,
the distal ends of the fallopian tubes. The su-
perolateral margin of the broad ligament forms
the suspensory ligament of the ovary, which
extends over the ovarian vessels. The ligament
of the ovary (proper ligament of the ovary)
attaches to the uterus posteroinferior to the
uterotubal junction. The round ligament of the
uterus attaches anteroinferior to the uterotubal
junction and extends into the bilateral inguinal
canals. The uterosacral ligaments course pos-
terosuperiorly from the lateral margins of the
cervix to the midportion of the sacrum. These
ligaments provide both passive and active sup-
port, allowing the uterus to maintain its central
position in the pelvic cavity (Fig 1) (7). All of
the aforementioned structures may be involved
in pelvic infectious or inflammatory processes,
which usually result in thickening and hyper-
emia of the structures.

CT Technique
A CT examination is frequently performed in
patients with nonspecific symptoms, as well as in
patients with suspected pelvic pathologic condi-
tions and equivocal US findings. In our institu-
tion, emergent standard CT of the abdomen
and pelvis is usually performed on a 64-section
CT scanner (GE Healthcare, Milwaukee, Wis),

a inferior
aorta  venacava
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with the scan obtained from the level of the
dome of the diaphragm to the level of the pubic
symphysis.

Administration of diluted oral barium contrast
material is helpful in the distinction of the gastro-
intestinal tract from adnexal structures. However,
a new trend is to eliminate the routine use of oral
contrast material for CT in the emergency de-
partment, because investigators have shown that
its elimination does not compromise diagnosis in
the acutely ill patient and successfully decreases
the length of stay in the emergency department
(8). Intravenous contrast material administration
is preferred because it allows better delineation
of the uterus and adnexal structures, as well as
assessment of endometrial, cervical, and tubal per-
fusion. At our institution, the examinations were
performed with CT scanners (LightSpeed VCT or
Discovery CT750 HD; GE Healthcare). All exam-
inations are performed in the portal venous phase.
The portal venous phase images were acquired
by using a scanning delay of 70 seconds after the
injection of 85 mL of iohexol (Omnipaque 300;
GE Healthcare) at a rate of 2-3 mL/sec. The CT
parameters were as follows: section thickness, 5
mm; reconstruction interval, 0.625 mm; pitch, 0.6;
voltage, 120 kVp with automatic exposure control
(Auto or Smart mA; GE Healthcare); and noise
index, 22. The data were reconstructed by using a
standard algorithm. Coronal and sagittal multiplanar
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Figure 2. Normal pelvic anatomy. Axial contrast-
enhanced CT image shows a normal appearance
of the uterosacral ligaments (long arrows), round
ligaments (short arrows), clear fat in the rectouterine
pouch (), and anterior pelvic fat (), as well as nor-
mal size of the uterus (U).
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b.

Figure 3. Early PID: general CT findings in two different patients. (a) Axial contrast-enhanced CT image of a 32-year-old woman
presenting with pelvic pain and low-grade fever shows thickened and edematous uterosacral ligaments (arrows). (b) Axial contrast-
enhanced CT image of a 25-year-old woman with cervical motion tenderness shows marked anterior pelvic fat stranding (long arrow)
and thickening of the left fallopian tube (short arrow). PID was confirmed clinically on the basis of the patient’s microbiologic results.

reconstructions, which are useful for evaluating
complex female pelvic anatomy, are created by
using source data obtained in the axial plane. Oral
contrast material was prepared with 25 mL of
iohexol (Omnipaque 350; GE Healthcare) diluted
in 875 mL of water. Oral contrast material was
administered starting 90 minutes before the ex-
amination. It is important to note that a patient’s
pregnancy status must be determined before per-
forming CT in any premenopausal female.

Overview of General CT Findings of PID
PID represents a clinical continuum of the in-
fectious conditions that affect the upper genital
tract. Because there is a gradual progression
from one condition to the next, no true separa-
tion exists between each entity, and therefore
considerable overlap exists in the general imag-
ing features of each of these infectious processes.
After a review of the general imaging features
encountered with PID, specific entities will be
reviewed individually.

The most common general CT findings of
PID described in the literature are thicken-
ing of the uterosacral ligaments, obliteration of

fascial planes, free fluid in the cul-de-sac, loss
of definition of the uterine border, pelvic fat
infiltration or haziness and pelvic edema, reac-
tive lymphadenopathy, and signs of peritonitis.
The uterosacral ligaments are paired structures
that extend from the lower uterine segment
to the mid sacrum and are best seen on axial
cross-sectional images. The normal thickness of
the uterosacral ligaments is subjective and has
not yet been established on CT images (Fig 2).
Posterior extension of inflammatory adnexal
or tubal disease often causes thickening of the
uterosacral ligaments and increased haziness of
the presacral and perirectal fat planes (Fig 3)
(9). Pelvic fat haziness refers to increased at-
tenuation of the pelvic fat when compared with
retroperitoneal fat. Pelvic fat haziness is one of
the most sensitive findings of acute PID and
is seen in as many as 65% of patients (10,11).
Pelvic peritonitis refers to increased attenua-
tion and marked stranding of the pelvic fat with
peritoneal enhancement.

PID often is accompanied by reactive lymph-
adenopathy affecting the paraaortic lymphatic
chain at the level of the renal hila. This lymph-
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Figure 4. Early PID: cervicitis in a 54-year-old woman with pelvic pain and vaginal discharge. (a) Axial contrast-
enhanced CT image shows an enlarged edematous uterine cervix (long arrows) with loss of the surrounding fat
planes and with complex fluid (short arrow) in the enhancing endocervical canal. (b) Transverse transvaginal
color Doppler US image obtained 5 days later shows the fluid-filled distended endocervical canal (x) with sur-
rounding hyperemia (arrow). (c) Photomicrograph of Papanicolaou smear shows the “fluffy cotton” appearance
of Actinomyces (arrows), a finding compatible with acute cervicitis. (Papanicolaou stain; original magnification,

x200.)

adenopathy is caused by the course of drainage
of the ovarian and salpingian lymphatic vessels
along the gonadal veins (12,13).

Additional imaging findings predictive of PID
are (a) hepatic capsular enhancement on the
late arterial phase images and (b) fallopian tube
thickening of more than 5 mm. The combination
of these two findings had a sensitivity of 71.9%,

specificity of 81.3%, and accuracy of 76.6% (10).

The specificity of the tubal thickening sign alone
has been reported to be as high as 95% (11).

Early Stage of PID

Cervicitis

Cervicitis, defined as inflammation of the uterine
cervix, can be divided into two major categories:
noninfectious and infectious cervicitis. Infectious
cervicitis represents an early form of PID. Symp-
toms may be subclinical or may include pelvic
pressure or pain, a yellow jellylike vaginal dis-
charge, or spotting or bleeding with intercourse
(thought to be caused by the fragility of blood
vessels in the infected cervix). Both CT and US
may demonstrate an enlarged uterine cervix, an

abnormally enhancing or hyperemic endocervical
canal, and parametrial fat stranding (Fig 4). Free
fluid may also be seen in the pouch of Douglas
(posterior cul-de-sac). Occasionally, patients with
cervicitis may develop cystic changes within the
lining of the endocervical canal. The deep stroma
of the cervix is usually intact. Infectious cervici-
tis can be differentiated from malignancy by the
absence of solid enhancing components in the
abnormal cervix (14,15).

Endometritis

Endometriris is defined as inflammation of the
endometrial lining of the uterus. Endometritis
is most commonly seen during pregnancy or
in the postpartum state. In the nonobstetric
population, PID and invasive gynecologic pro-
cedures are the most common causes of acute
endometritis. Along with cervicitis, endometri-
tis often represents a subclinical form of PID,
with patients being asymptomatic. Findings of
endometritis at CT include an increased size of
the uterus caused by inflammation, the accu-
mulation of fluid in the endometrial canal, and
abnormal endometrial enhancement relative to
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Figure 5. Early PID: endometritis
in a 43-year-old woman with diabe-
tes who presented with pelvic pain
and vaginal discharge. (a) Coro-
nal contrast-enhanced CT image
shows an enlarged uterus, a fluid-
distended endometrial canal con-
taining foci of gas (arrow), and ab-
normal endometrial enhancement
of more than the surrounding inner
myometrium. (b) Low-power pho-
tomicrograph of the endometrial
specimen shows numerous poly-
morphonuclear neutrophils (arrow)
in the endometrial stroma, a finding
compatible with acute endometri-
tis. (Hematoxylin-eosin stain; origi-
nal magnification, x200.)

the surrounding inner myometrium caused by
mucosal hyperemia (Fig 5). A loss of the clear
separation of the uterus from the adnexal and
parametrial fat is also seen, which results in the
development of the “indistinct uterine border”
sign (16-18).This sign is nonspecific because it
may also be seen with endometriosis or malig-
nancy. The patient’s age at presentation, the
clinical symptoms, and the findings at endo-
metrial biopsy may aid in the differentiation of
these pathologic conditions.

Salpingitis and Tubo-ovarian Complex
Salpingitis is defined as inflammation of one or
both fallopian tubes, and it is the most common
early acute form of PID. The incidence of salpingi-
tis continues to increase on a worldwide scale. The
predominant population affected is young women.
Among the spectrum of pathologic conditions of
PID, salpingitis is associated with the highest risk
of infertility and accounts for most of the ectopic
pregnancies related to PID. Concomitant endo-
metritis may occur in as many as 70%-90% of
documented cases of salpingitis in nonobstetric
patients (19).

In cases of salpingitis, the fallopian tubes
become edematous and congested. As acute
suppurative salpingitis ensues, the tubal lumen
fills with pus, which subsequently spills into the
peritoneal cavity and coats the serosal surface
of the uterus and ovary. This event results in
inflammation of the peritoneal structures. The
tubal fimbriae may adhere to the ovary, resulting
in salpingo-oophoritis or tubo-ovarian complex.
In tubo-ovarian complex, although the ovaries
and tubes partially adhere to one another, they
still largely remain separate (20).

The clinical manifestations of salpingitis are di-
verse, ranging from no symptoms to severe pelvic
pain, with poor correlation between the intensity
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of symptoms and the severity of tubal inflamma-
tion. Although direct laparoscopy is the reference
standard for the diagnosis of salpingitis, use of this
procedure is limited because of its invasive nature
and expensive cost. US is considered the first-line
imaging modality in the evaluation of suspected
salpingitis; however, US may only demonstrate
subtle abnormalities such as tubal tortuosity, wall
hyperemia, and fallopian tube thickening of more
than 5 mm (10,11). When they are normal in size,
the fallopian tubes measure 1-4 mm in diameter
and are not regularly depicted at US or CT (21).
Salpingitis should be suspected at CT when the
fallopian tubes are thickened, measuring more
than 5 mm in axial dimension, and show enhanc-
ing walls. Associated free fluid may be depicted
within the cul-de-sac (Fig 6). For the diagnosis
of PID, the CT finding of tubal thickening was
found to have a high specificity of 95% (11). Sal-
pingitis should be differentiated from secondary
inflammation of the fallopian tubes as a result of
nongynecologic processes such as appendicitis or
diverticulitis.

Oophoritis

Oophoritis is defined as inflammation of the
ovaries. It is commonly seen in combination
with salpingitis and pyosalpinx, because in
these processes, the tubal fimbriae may adhere
to the ovary, causing secondary inflammation
and infection of the ovary. The distinguishing
findings of oophoritis, which can be seen at
US, CT, and MR imaging, include (a) mild en-
largement of the ovaries, measuring more than
3 cm (5,11), with hyperemia of the ovarian
stroma, and (b) a polycystic-like appearance of
the ovaries, with multiple small (2-10-mm) fol-
licles within the increased ovarian stroma (Fig
7) (22). Abnormal enhancement of the ovary
can be seen at both CT and MR imaging. Free
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Figure 6. Early PID: salpingitis in a 19-year-old woman presenting with lower pelvic pain, leukocytosis,
and fever. (a) Coronal contrast-enhanced CT image shows prominent abnormally enhancing fallopian
tubes (arrows) bilaterally. (b) Transverse transvaginal color Doppler US image of the right adnexa ob-
tained 2 days later shows a thick-walled hyperemic fallopian tube (long arrow), as well as the adjacent
right ovary (short arrow) and a small amount of free fluid (*) in the adnexa.

fluid in the cul-de sac is commonly an associ-
ated finding (23). Ovarian torsion remains a
major differential consideration for oophoritis,
with some overlap in the imaging findings. US
and MR imaging may be helpful in the evalu-
ation of ovarian torsion; however, the findings
are often nonspecific, and direct laparoscopic
assessment may be warranted.

Late Stage of PID
Late or advanced PID is characterized by a mod-
erate to severe infection of the upper genital tract
and peritoneum. Advanced PID is frequently
complicated by accumulation of pus and necrotic
tissue in the fallopian tubes, which may extend to
the ovaries and peritoneum.

Pyosalpinx

Pyosalpinx is an infection of the fallopian tubes
that is complicated by tubal obstruction. The
fimbrial end is usually obstructed by adhe-
sions within and around the tube as a result of
tubal inflammation. This obstruction results in

Figure 7. Early PID: oophoritis in a
24-year-old woman presenting with
right lower quadrant pain. Sagittal
transvaginal color Doppler US im-
age of the right adnexa shows an
enlarged, edematous, and hyperemic
right ovary. Note the peripheral dis-
placement of multiple small follicles
(arrows), which gives the ovary a poly-
cystic-like appearance.

accumulation of trapped infected fluid (pus),
with resulting tubal distention. The findings

are usually apparent at US, with characteristic
thickening and hyperemia of the tubal wall

and the presence of debris, with or without a
fluid-debris level, within the dilated tube. At
CT, pyosalpinx manifests either as a serpentine
or tubular structure with a thick enhancing
wall and complex internal fluid or as a complex
cystic mass. Adjacent pelvic edema, periuterine
and adnexal fat stranding, and the presence of
free fluid in the cul-de-sac may also accompany
the findings (Fig 8) (5). Clear identification of
ovarian involvement with the infectious process
may be difficult at CT, particularly if the de-
gree of tubal distention is severe. MR imaging
is a more sensitive modality for the detection of
ovarian involvement. MR imaging also aids in
the differentiation of pyosalpinx from hemato-
salpinx, because the latter will not demonstrate
wall thickening and will show high or variable
signal intensity on T1-weighted MR images
because of the presence of blood products

(24). As the inflammation subsides, the pus
undergoes proteolysis, and the tube becomes
filled with thin serous fluid, transforming from
pyosalpinx into hydrosalpinx (20,25).
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Figure 8. Pyosalpinx in a 48-year-old woman presenting with fever, right lower quadrant abdominal pain, and
leukocytosis. (a) Coronal contrast-enhanced CT image shows a dilated right fallopian tube with a thick enhanc-
ing wall (long arrow) and peritubal fat stranding (short arrow), findings compatible with pyosalpinx. No frank
tubo-ovarian abscess was depicted. (b, c¢) Corresponding transvaginal gray-scale (b) and color (c) US images
show a dilated thick-walled right fallopian tube (long arrow) containing hyperechoic material, with surrounding
hyperemia, findings compatible with pyosalpinx. Note the closely adherent hyperemic but small ovary (short
arrow), which demonstrates an otherwise unremarkable parenchyma.

Hydrosalpinx
Hydrosalpinx occurs when a fallopian tube fills
with serous fluid as a result of distal blockage.
The most common cause of hydrosalpinx is
previous episodes of PID. Other causes include
endometriosis, peritubal adhesions from prior
surgeries, tubal cancer, and prior tubal pregnancy
(20,26). Symptoms of hydrosalpinx are variable,
ranging from no symptoms to recurrent lower
abdominal or pelvic pain. US is the first-line
imaging modality for the diagnosis of hydro-
salpinx, with characteristic findings of a dilated
fallopian tube containing simple-appearing fluid.
When distended, the tube folds on itself, which
results in the formation of incomplete septa. A
pathognomonic finding of hydrosalpinx at US,
CT, and MR imaging is a “cogwheel” appear-
ance of the tube when imaged in cross section, an
appearance that is due to thickened longitudinal
folds (23,27). Otherwise, the wall of the tube is
thin and shows no appreciable enhancement or
hyperemia (Fig 9) (28).

If the diameter of the tube reaches 10 cm,
hydrosalpinx may mimic a multilocular ovar-
ian tumor such as a cystadenoma. MR imaging

may help to delineate adnexal structures and
demonstrate the tubular nature of the mass

with its characteristic folds that are separate
from the normal-appearing ipsilateral ovary.

Tubo-ovarian Abscess

Tubo-ovarian abscess is one of the major and se-
rious late complications of acute salpingitis and
occurs in as many as 15% of women with PID.
Tubo-ovarian abscess represents further pro-
gression of infection and inflammation, which
results in the formation of a complex cystic and
solid mass with complete destruction of the nor-
mal adnexal architecture. The ovary and fallo-
pian tube can no longer be delineated. As many
as 33% of women diagnosed with tubo-ovarian
abscess require hospitalization (29). Tubo-ovar-
ian abscesses are unilateral in 25%-50% of cases
(30). Clinical symptoms of tubo-ovarian abscess
at presentation are not substantially different
from those of patients who are diagnosed with
PID alone. Typically, patients with an abscess
present with acute or chronic pelvic pain, fever,
leukocytosis, and an adnexal mass. Patients may
also report nausea, vomiting, a change in bowel
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Figure 9. Late PID: hydrosalpinx in two different patients. (a) Coronal contrast-enhanced CT image of a
50-year-old woman presenting with right lower quadrant pain shows a dilated fluid-filled right fallopian tube
with a thin nonenhancing wall (arrow) and incomplete septa. (b) Intraoperative photograph of a 32-year-old
woman shows a dilated fallopian tube and its relationship to the adjacent ovary, uterus, pelvic sidewall, and

mesentery. Note the incidental finding of a small paratubal cyst.
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Figure 10. Late PID: tubo-ovarian abscess in two different patients. (a) Coronal contrast-enhanced CT image
of a 35-year-old woman presenting with pelvic pain and fever shows bilateral adnexal multilocular septate cystic
masses (long arrows) with thick enhancing septa, loss of the normal ovarian parenchyma, and surrounding fat
stranding (short arrows). (b) Intraoperative photograph of the posterior pelvis of a different woman shows a
right complex hemorrhagic mass compatible with a tubo-ovarian abscess, with a prominent adhesion extending
from the uterus to the small bowel. Note the normal-appearing left ovary.

habits, and vaginal discharge. In some cases,
however, fever and leukocytosis may be absent.
Imaging is important for prompt diagnosis and
treatment of tubo-ovarian abscess. On contrast
material-enhanced CT images, the most common
finding of a tubo-ovarian abscess is a multilocu-
lar septate cystic mass in the adnexa with a thick
uniformly enhancing wall (Fig 10). Other com-
mon findings include a loss of fat planes between
the mass and the adjacent pelvic organs, as well as
thickening of the uterosacral ligaments and fluid in
the cul-de-sac (31). On rare occasions, gas bubbles
can be seen within the mass (5,12). US and MR
imaging can further delineate the findings of tubo-

ovarian abscess, demonstrating the complex nature
of this process with destruction of the ovarian
parenchyma. At MR imaging, abscesses usually
have low signal intensity on T 1-weighted MR im-
ages and high signal intensity on T2-weighted MR
images, although imaging findings depend on the
presence of hemorrhage and the protein content of
the mass. A hyperintense rim along the inner wall
of the abscess cavity can be seen on T'1-weighted
MR images, a finding attributed to formation of
granulation tissue and hemorrhage (32).

When tubo-ovarian abscess is associated with
ascites and lymphadenopathy, the abscess may be
difficult to differentiate from ovarian malignancy
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Figure 11. Late PID: pyometra in a 52-year-old woman presenting with cervical motion tenderness and a
thick yellow vaginal discharge. (a) Sagittal transvaginal color Doppler US image shows complex heterogeneous
fluid () within a markedly dilated endometrial canal (long arrows) and hyperemia of the adjacent myometrium
(short arrow). Uterine wall thinning is apparent. (b) Sagittal contrast-enhanced CT image from the same date
shows a distended uterus (long arrow) containing complex fluid and an air-fluid level within the endometrial ca-
nal (), hyperemic endometrium, and fat stranding and pelvic edema in the vesicouterine pouch (short arrow),
findings compatible with endometritis and pyometra.

(33). Pelvic abscesses from other nongynecologic
sources are other potential diagnostic consid-
erations. Anterior displacement of the broad
ligament, because of the posterior position of

the mesovarium, may allow differentiation of a
tubo-ovarian abscess from a pelvic abscess of other
origin (12). In addition, pelvic abscesses originat-
ing from the appendix, colon, and bladder tend to
have thicker walls and may be located further from
the adnexa. At CT, tubo-ovarian abscess may be
indistinguishable from pelvic endometriosis.

Pyometra

Pyometra represents a chronic form of endo-
metritis that is characterized by accumulation

of pus in the uterine cavity. In order for pyome-
tra to develop, both an endometrial infection

and blockage or stenosis of the cervix must be
present, findings that result in impedance of the
natural drainage of the uterine cavity. Pyometra
has an incidence of 0.01%-0.5% among gyneco-
logic patients and occurs primarily in the post-
menopausal age group, with an incidence as high
as 13.6% in this group (34). As many as 50% of
patients are asymptomatic. If there are symptoms,
patients may present with lower abdominal or su-
prapubic pain, rigors, fever, and the discharge of
pus. CT findings include distention of the uterine
cavity with complex fluid, inflammatory changes
in the surrounding parametrial fat, and free fluid
in the posterior cul-de-sac. Gas bubbles or an
air-fluid level may be seen within the endometrial
canal (Fig 11). Pyometra is treated with antibiotic
therapy or surgery.

Complications of PID

Tubal Damage

A common and devastating long-term sequela of
PID is damage to the fallopian tubes, manifested
as scarring and adhesions within the tubal lumen
and adhesions in the peritubal fat. Both of these
factors are thought to play a major role in the
development of ectopic pregnancies, with PID
suspected to be involved in 30%-40% of cases
(Fig 12). Because tubal function is impeded,
resulting in tubal obstruction and development of
hydrosalpinx, infertility is a common complica-
tion of PID, with 40%-50% of cases of infertility
being attributable to this cause (5,6).

Tubo-ovarian Abscess

Rupture and Peritonitis

Tubo-ovarian abscess can be complicated by
rupture, which may result in life-threatening
peritonitis (35) and acute respiratory distress
syndrome. Despite modern medical and surgi-
cal management, mortality from a ruptured
tubo-ovarian abscess remains as high as 5%-10%
(36). CT findings of peritonitis include enhance-
ment of the peritoneal folds, as well as thickening
and enhancement of the fascial planes. Multiple
abscesses may be seen throughout the peritoneal
cavity (Fig 13). Ileus of the bowel is associated
with tubo-ovarian abscess—induced peritonitis and
should be differentiated from other causes. Tubo-
ovarian abscess may also rarely form a fistula to
the adjacent bowel or bladder, a finding that may
be suspected when gas is detected within the tubo-
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a.

Figure 12. Ectopic pregnancy in a 19-year-old woman with right lower quadrant pain. (a) Axial contrast-enhanced
CT image shows a complex right adnexal mass (arrow), with anterior displacement of the broad ligament and sur-
rounding lateral pelvic fat stranding (). US disclosed a tubal ectopic pregnancy. (b) Intraoperative photograph shows
a right tubal ectopic pregnancy.

a.

Figure 13. Perforated tubo-ovarian abscess in a 43-year-old woman with diabetes, abdominal pain, and fever. Axial (a)
and coronal (b) contrast-enhanced CT images show bilateral tubo-ovarian abscesses (long white arrows) complicated
by perforation of the left tubo-ovarian abscess with development of peritoneal fold enhancement (short white arrows
on b), findings compatible with peritonitis, as well as a large complex fluid collection (*) with gas bubbles and an en-

hancing wall (black arrow on b) extending along the left iliopsoas muscle, findings compatible with an abscess.

ovarian abscess cavity and when there is focal wall
thickening in the adjacent bowel.

Peritoneal Adhesions

Reactive inflammation associated with tubo-
ovarian abscess and peritonitis can be responsible
for the formation of peritoneal adhesions, a late
complication of PID. Adhesions can lead to the
development of ileus of the small or large bowel,
bowel obstruction, or hydroureteronephrosis.
The presence of an adnexal mass and/or pelvic
fat stranding may point to the possible cause of
bowel or ureteral obstruction.

Fitz-Hugh-Curtis Syndrome
Fitz-Hugh—Curtis syndrome, also known as
perihepatitis, is a rare complication of PID that

is seen in 1%—-30% of cases (37,38). This condi-
tion is defined as inflammation of the peritoneal
capsule of the liver and is believed to result from
peritoneal spread of pelvic infection along the
right paracolic gutter. Women may present with
rapid onset of sharp right upper quadrant pain
and tenderness. The differential diagnosis at
presentation commonly includes acute chole-
cystitis and pleurisy (39). At contrast-enhanced
CT, Fitz-Hugh—Curtis syndrome is character-
ized by intense enhancement and thickening

of the anterior liver capsule. Inflammation of
the capsule may also cause geographic areas

of variable perfusion in the subcapsular and
periportal locations. Fluid and fat stranding can
be seen extending from the pelvis into the right
upper quadrant by way of the paracolic gutter.
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Figure 14. Fitz-Hugh—Curtis syndrome in a
35-year-old woman. (a, b) Coronal (a) and axial (b)
CT images show peritoneal septa (arrows) along the
paracolic gutters and loculated perihepatic fluid,
findings compatible with multiple adhesions. A large
amount of ascites is also depicted. (c) Intraoperative
photograph shows classic “violin-string” adhesions

(arrow) along the hepatic capsule.

Peritoneal septa and loculated perihepatic fluid
may be seen, and gallbladder wall thickening
may also be depicted (Fig 14a, 14b) (40,41).
Multiple classic “violin string” adhesions may be
found between the liver capsule and the anterior
abdominal wall during intraoperative explora-
tion (Fig 14c). Isolation of N gonorrhoeae and C
trachomatis in a cervical smear or in peritoneal
fluid supports the diagnosis (42). No known
long-term complications of this disorder have
been observed (37).

Ovarian Vein Thrombophlebitis

Ovarian vein thrombophlebitis may occur as a
complication of PID. The right ovarian vein is
the affected vessel in 80%—-90% of cases. Contrast-
enhanced CT demonstrates a distended ovarian
vein with an enhancing wall and with low-attenua-
tion intraluminal filling defects (Fig 15) (43). Lack
of enhancement of the vein will be observed if the

entire vessel is occluded. Associated inflamma-
tory changes may be seen in the pelvic fat, often
accompanied by free fluid. If unrecognized or left
untreated, ovarian vein thrombophlebitis may
result in septic pulmonary emboli (44).

Uterine Rupture

Uterine rupture is a devastating complication of
pyometra, a complication that is due to the ac-
cumulation of pus within the endometrial canal
and impaired drainage by way of the cervical ca-
nal. The accumulation of secretions may lead to
gradual uterine enlargement and focal thinning of
the uterine wall, which may then become ne-
crotic, slough, and result in focal perforation (Fig
16) (45). Perforation most commonly occurs in
the uterine fundus and results in development of
diffuse peritonitis, which can be difficult to dis-
tinguish from other causes of a perforated viscus
(46). Multiplanar reformatted images are partic-
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Figure 15. Left ovarian thrombosis in a 36-year-old
woman with pelvic pain and leukocytosis. Coronal con-
trast-enhanced CT image shows a filling defect in the
left ovarian vein, with associated vessel wall enhance-
ment (arrow). Hyperemia in the left ovary and fallopian
tube was better seen at subsequent US.

ularly helpful in localizing the site of perforation
and assessing periuterine abscesses. Peritonitis
secondary to uterine rupture of pyometra should
be considered as a surgical emergency, and im-
mediate laparotomy must be performed to avoid
the complications of generalized peritonitis, such
as septic shock (47).

Mimics of PID
Careful CT assessment of common PID mimics
will help avoid misinterpretation, delay in man-
agement, and unnecessary surgery. Pathologic
processes that have findings similar to those of
PID include endometriosis, adnexal torsion,
ruptured hemorrhagic ovarian cyst, adnexal neo-
plasms, appendicitis, and diverticulitis (Table).

Pelvic Endometriosis or Endometrioma
Endometriosis is a common cause of pelvic pain
and infertility, with as many as 30% of women
with endometriosis demonstrating tubal involve-
ment at laparoscopy (20,48). Ruptured deep
pelvic endometriomas release blood products that
cause adhesions and fibrosis, which may lead to
findings that can mimic PID, such as the devel-
opment of complex pelvic masses, nodularity of
the uterosacral ligaments, and peritubal adhe-
sions with tubal obstruction (49,50). The CT
appearance of endometriomas can be nonspecific
(51-53), although the presence of multiple com-
plex lesions, high-attenuation components within
the mass, and hematosalpinx help to narrow the
differential diagnosis. Solid invasive endometrio-
sis, which is commonly found in the rectouterine

Revzin et al 1591

Figure 16. Ruptured pyometra in an 82-year-old woman
with abdominal pain and a history of actinomycosis, who now
presented with a purulent vaginal discharge. Axial contrast-en-
hanced CT image shows an abnormally dilated and fluid-filled
endometrial cavity (white arrow) with an adjacent peripherally
enhancing abscess (black arrow) containing an air-fluid level.
Note the thinning of the uterine wall adjacent to the abscess,
as well as the presacral fat stranding ().

pouch or posterior cul-de-sac, often extends to or
invades the posterior myometrium and can mimic
an adhesion from previous PID (Fig 17) (54). At
MR imaging, the presence of T'1 hyperintensity
within the lesions or in the fallopian tube can
help confirm the diagnosis of endometriosis and
differentiate it from PID (54).

Isolated Fallopian Tube Torsion

Isolated fallopian tube torsion is an extremely
rare mimic of PID, affecting female adolescents
and women of reproductive age. Presenting
symptoms include acute onset of lower abdomi-
nal pain accompanied by nausea, vomiting, and
peritoneal signs. At CT and US, the tube may
appear twisted and/or dilated with tapered ends
(the so-called beak sign), and the walls of the
fallopian tube may be thickened and enhancing.
The ipsilateral ovary is usually normal in size and
structure and is found in its normal expected lo-
cation. MR imaging can aid in the delineation of
these anatomic structures and can help differenti-
ate fallopian tube torsion from PID when US and
CT findings are inconclusive (55).

Ovarian Torsion

Opvarian torsion is another common entity that can
mimic PID at clinical examination and on images.
Common CT imaging features that distinguish
ovarian torsion from PID include an enlarged ovary
with a diameter of more than 5 cm, a lack of ovar-
ian contrast enhancement, and uterine deviation to-
ward the affected side (56) (Fig 18). Fallopian tube
thickening, obliteration of fat planes, and ascites
can be present in both of these entities. When there
is hemorrhagic infarction of the ovary, an adnexal
hematoma may be detected. On rare occasions, gas
may be seen within the twisted mass (57-59).
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Figure 17. Endometriosis in a 32-year-old woman with pelvic pain and dyspareunia. (a) Axial contrast-en-
hanced CT image shows abnormal increased attenuation in the cul-de-sac (arrow), with surrounding inflamma-
tory stranding (*). (b) Sagittal T2-weighted MR image shows a T2-hyperintense focus (long arrow) coating the
posterior uterine surface, with tethering of the adjacent sigmoid colon (short arrow), findings consistent with
endometriosis. (c) Intraoperative photograph shows the presence of endometrial implants (arrows).

Hemorrhagic Ovarian Cyst

Complex cystic adnexal lesions, including hem-
orrhagic cysts, are common mimics of PID.
Clinical manifestations are frequently nonspecific
and unhelpful in distinguishing between these
entities. Characteristic features of hemorrhagic
cysts include the presence of a unilocular or, less
commonly, a bilocular adnexal cyst with a ring of
peripheral contrast enhancement and an internal
high-attenuation component with or without a
fluid-hematocrit level. Hemoperitoneum is present
if the cyst ruptures (60,61). Differentiation of hem-
orrhagic cysts from PID can be made on the basis

Figure 18. Ovarian torsion mimicking oophoritis
in a 36-year-old woman presenting with left acute
pelvic pain. Coronal contrast-enhanced CT image
shows an enlarged left ovary (O) that could mimic
oophoritis; however, its abnormal location on the
right, the lack of enhancement, the displacement
of peripheral follicles, and the twisting of its vascu-
lar pedicle (long arrow) are consistent with ovar-
ian torsion. Note the enlarged fibroid uterus (U)
and the trace free fluid (short arrow). At surgery, a
720° twist of the vascular pedicle with a nonviable
left ovary was found.

of hemoperitoneum and the absence of tubular
thickening or tubular distention. Vaginal specimens
are helpful in the exclusion of infectious processes.

Ovarian Neoplasms

The differentiation of serous cystadenomas and
malignant ovarian neoplasms from a compli-
cated tubo-ovarian abscess can pose a diagnostic
challenge. The key imaging findings sugges-
tive of malignancy include a lobulated solid or
complex mass larger than 4 cm in diameter,
enhancing papillary projections, and walls and/
or septa that measure more than 3 mm thick
(Fig 19) (62). Multiplanar reformatted images
may facilitate recognition of the tubular nature
of a complex mass, thus helping to identify it as
a tubo-ovarian abscess.
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Figure 19. Ovarian neoplasm in a
63-year-old woman with pelvic pain
and early satiety. Axial contrast-en-
hanced CT image shows enlarged het-
erogeneous ovaries (arrows) and free
fluid (¥). No fat stranding or dilated
tubes are depicted. The findings at
histopathologic examination disclosed

bilateral serous cystadenofibromas.

a. b.

Figure 20. Fallopian tube carcinoma in a 46-year-old woman with lower abdominal pain, no fever, and a history of right
oophorectomy. (a) Axial nonenhanced CT image shows a right adnexal mass (arrow) with surrounding anterior pelvic fat
stranding (*). (b) Axial T2-weighted MR image shows the right solid and cystic adnexal mass consisting of a dilated fallopian
tube (white arrow) with an adjacent solid component (black arrow), findings raising the suspicion of a neoplasm obstructing
the tube. The solid component demonstrated enhancement on gadolinium-enhanced images (not shown). The findings at
histopathologic examination disclosed fallopian tube carcinoma.

Fallopian Tube Neoplasms

Primary fallopian tube neoplasms are extremely
rare, affecting postmenopausal women and
accounting for no more than 1% of all gyneco-
logic malignancies (63). Patients may present
with vaginal bleeding and/or pelvic pain. Most
fallopian tube neoplasms are solid and may have
small cystic components that are due to necrosis
and hemorrhage. When the neoplasm is associ-
ated with hydrosalpinx, the entire lesion appears
as a large mass with mixed cystic and solid com-
ponents (64). US, CT, and MR imaging findings
are nonspecific and may be mistaken for tubo-
ovarian abscess, ovarian neoplasm, or uterine
leiomyoma. Contrast enhancement of the solid
components helps to differentiate the neoplastic
portion from hydrosalpinx (Fig 20).

Appendicitis

The differentiation of PID from appendicitis may
be challenging on a clinical basis. The identifica-
tion of mural nodules, corresponding to thick-
ened endosalpingian folds, may help to identify
the fallopian tube at CT and US (44).The

radiographics.rsna.org

presence of an appendicolith, cecal origin of the
tubular structure, and the presence of cecal wall
thickening (“cecal bar” sign) are helpful distin-
guishing features of appendicitis (Fig 21). Investi-
gators have reported that the presence of peri-
ovarian fat stranding, a thickened rectosigmoid
wall, and a normal-appearing cecum in young
female patients favors the diagnosis of tubo-
ovarian abscess, as opposed to appendicitis (65).
In addition, in cases of tubo-ovarian abscess, the
round ligament may be anteriorly displaced, and
satellite lesions are often seen adjacent to the
primary tubo-ovarian abscess (66).

Diverticulitis

Acute diverticulitis typically occurs in older
patients but can occasionally be seen in premeno-
pausal female patients. PID and diverticulitis may
be indistinguishable on clinical grounds. Differen-
tiation on the basis of imaging findings may also
be difficult if inflammatory changes from acute di-
verticulitis extend to involve the ipsilateral adnexa
or if diverticulitis is complicated by abscess forma-
tion. In general, abscesses related to a perforated
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Figure 21. Appendicitis in a 37-year-old woman with right lower quadrant pain, nausea, vomiting, and chills for 2 days.
(a) Axial contrast-enhanced CT image shows an appendicolith (white arrow) within a poorly defined right adnexal tubular
fluid-filled structure compatible with an inflamed appendix (not shown). Note the adjacent reactive thickening of the right
fallopian tube (arrowhead) and the loculated fluid (black arrow) in the right adnexa. (b) Transvaginal color Doppler US
image (obtained the same day as image in a) again shows an appendicolith (white arrow) within the dilated appendix (),
a hyperemic and thickened right fallopian tube (arrowhead), and a right ovarian cyst (black arrow) corresponding to the

loculated fluid at CT.

bowel tend to have thicker walls. Extraluminal air,
inflamed diverticula, and fistula formation favor
the diagnosis of diverticulitis rather than PID (67).

Conclusion
PID is an important and prevalent pelvic infection
among women of reproductive age. CT is often
the first imaging modality used for evaluation of
patients with PID, because the presenting symp-
toms are vague and nonspecific. An awareness of
the various CT imaging findings of early and late
PID and their associated complications is crucial
to prevent misdiagnosis and ensure optimal patient
care. Early detection of PID can reduce the subse-
quent risk of tube-related infertility, ectopic preg-
nancy, and pelvic adhesions resulting in chronic
pelvic pain. Recognition and prompt treatment of
this disease can decrease the rate of complications
such as tubo-ovarian abscess, uterine perforation,
bowel obstruction, and hydroureteronephrosis.
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