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Letter from the Editor

Hemang Kotecha, D.O.

“Above all, don't

fear difficult
moments.

The best comes
from them.”

Rita Levi-Montalcini

In this Issue

Hemang Kotecha, D.O.

Assistant Professor, University of Massachusetts, Worcester, MA

UMass Memorial Medical Center, Worcester, MA

Iam frequently met with confused expres-
sions when I tell other physicians, including
radiologists, that I am an emergency radiolo-
gist. Most people are not aware that such a sub-
specialty exists within radiology, and almost all
inquire as to what the profession entails.

The field of emergency radiology initially
emerged to meet demands for 24/7 diagnostic
radiology coverage and has grown as imag-
ing utilization has skyrocketed in emergency
departments, both in academic and private
practices. Our academic institution covers five
emergency departments, including a level 1
trauma and comprehensive stroke center, and
emergency radiologists provide final reports
on all imaging studies 24 hours a day, 7 days
a week, 365 days a year. Our residents and
fellows are trained in emergency pathology,
department-specific imaging workflow, best
protocols and practices, utilization of advanced
imaging techniques including dual-energy CT
and rapid protocol MRI, as well as incorporat-
ing artificial intelligence into daily practice.
We work closely with emergency medicine
physicians and acute-care/trauma surgeons to
care for adult and pediatric patients with both
traumatic and nontraumatic acute illnesses,
with an emphasis on rapid, comprehensive, and
accurate diagnoses. This includes stroke, head
and neck, thoracic, vascular, gastrointestinal,

genitourinary, musculoskeletal, and head to toe
trauma imaging utilizing conventional radiog-
raphy, CT, MRI, ultrasound, fluoroscopy, and
nuclear medicine.

In this emergency radiology issue of the
JAOCR, our goal was to complement the re-
cent issue on trauma imaging by highlighting
several stimulating nontrauma topics encoun-
tered in emergency radiology. Our review
articles emphasize common oncologic emer-
gencies in the abdomen and pelvis and lay the
foundation for approaching neck infections
— two daunting conditions encountered in the
emergency department. Our case reviews and
Viewbox articles feature a variety of muscu-
loskeletal, vascular, gastrointestinal, and pul-
monary conditions that may cause diagnostic
dilemmas for radiologists.

I am privileged to serve as guest editor for
this issue, and I would like to thank my mentor
and colleague Christopher Cerniglia, D.O., for
nominating me for this role, and Daniel Wale,
D.O., for his guidance and support throughout
this project. Residents from our program were
heavily involved in each article, and I am in-
debted to all our department faculty for their
mentorship. We hope these articles will both
educate our readership on the selected clinical
subjects and provide a glimpse into the scope
of emergency radiology.
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Neck Infections: What the Radiologist Needs to Know

Neck Infections: What the Radiologist

Needs to Know

Roberto Kutcher-Diaz, M.D., David Radcliffe, M.D., Hao Lo, M.D., Hemang Kotecha, D.O.,

Gabriela Santos-Nunez, M.D.

Department of Radiology, UMass Memorial Medical Center, Worcester, MA

Neck infections represent common
clinical emergencies. While diag-
nosis and treatments are often merely
clinical, approximately 10% to 20% of
deep neck infection complications are
potentially life threatening.! Common
etiologies for head and neck infection
include pharyngitis, mastoiditis, and
odontogenic infections. Localization
and patterns of spread, especially in-
volving the deep cervical spaces, can
be challenging for the treating clinician.
Clinical manifestations vary based on the
age of presentation and infection site. CT
of the neck is the first line of imaging in
the acute setting.> Although anatomy of
the head and neck is challenging, knowl-
edge of common imaging patterns and
complications is critical for prompt and
accurate diagnosis, which will minimize
adverse outcomes.!

Cervical Fascia

While there is considerable varia-
tion in the description of the cervical
fascial layers, a commonly utilized
classification system is based on topo-
graphic morphology and distinguishes
between the superficial and deep fas-
cia, with the deep fascia being further
classified into the superficial, middle,
and deep layers. The superficial fas-
cia is of limited clinical importance to

radiologists as it is a connective layer
interposed between the skin and deep
fascia. By comparison, the deep fascia
is significant to radiologists as under-
standing fascial boundaries allows for
easier detection of disease, more re-
fined differential diagnoses, anticipated
routes of disease spread and subsequent
complications.*#

The first layer of the deep cervi-
cal fascia, the superficial layer, is also
known as the investing layer. The su-
perficial layer of the deep cervical fas-
cia (SLDCF) encircles the neck with
attachment to the spinous processes and
ligamentum nuchae posteriorly; hyoid
bone anteriorly; the mandible, tempo-
ral, and occipital bones superiorly; and
the manubrium, clavicles, and scapulae
inferiorly. Through its course, the ex-
ternal layer encompasses the stylohyoid
and digastric muscles at the level of the
suprahyoid neck; the parotid glands
superiorly; the sternocleidomastoid
muscles anteriorly; and the trapezius
muscles posteriorly. The SLDCF is also
continuous with the pectoralis major
fascia as well as the trapezius and latis-
simus dorsi fascia.>#

The middle layer, also known as the
pretracheal layer, can be further broken
down into the muscular and visceral di-
visions. The muscular division encircles

the infrahyoid, geniohyoid, and mylo-
hyoid muscles with superior attachment
to the hyoid and thyroid cartilage and
inferior continuity with the clavipec-
toral fascia. The visceral division of the
pretracheal layer encircles the thyroid,
parathyroid glands, trachea, and esopha-
gus. The posterior aspect of the visceral
division, also named the buccopharyn-
geal fascia, extends from the skull base
to the thoracic cavity where it attaches
to the pericardium. This layer is of
particular clinical significance given
that the retropharyngeal spaces lies
directly posterior to the buccopharyngeal
fascia34

The deep layer of the deep cervi-
cal fascia (DLDCF), also known as the
prevertebral fascia, attaches to the lig-
amentum nuchae posteriorly, encircles
the paraspinal musculature, attaches to
the transverse processes, encircles the
prevertebral musculature, and extends
anteriorly where it lies immediately pos-
terior to the buccopharyngeal fascia. Su-
periorly, the DLDCEF attaches to the skull
base. Inferiorly, DLDCEF is contiguous
with the anterior longitudinal ligament,
contributes to the transversalis fascia,
axillary sheath, and Sibson’s fascia. Of
note, the carotid sheath is considered
by some to be included as a portion of
the deep fascia, while other sources

J Am Osteopath Coll Radiol 2020; Vol. 9, Issue 2
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FIGURE 1. Axial (A) and sagittal (B) CT images in a patient with subcutaneous emphysema delin-
eating the anatomical compartments of the neck. In (A), purple color encircles poststyloid (ret-
rostyloid) parapharyngeal space. Navy blue denotes the parapharyngeal space. Red delineates
the retropharyngeal space. Mustard yellow encloses the pharyngeal mucosal space. Light blue
outlines the masticator space. Green denotes the posterior cervical compartment, including the
prevertebral space. Maroon demonstrates the parotid space. In (B), yellow encircles the subman-
dibular space. Light blue outlines the sublingual space. Green denotes the prevertebral space

FIGURE 2. Tonsillitis. Axial (A) and coronal (B) contrast-enhanced CT images of the neck at the
level of the oropharynx. Striated-appearing palatine tonsils (arrows in A) and lingual tonsils
(arrows in B) are typical of streptococcal infection.

consider it a separate entity composed
of portions of the external, middle, and
deep fascial layers.*#

Parapharyngeal Space

The parapharyngeal space (PPS) is
a paired region extending from the skull
base to the hyoid bone. From its anterior
edge at the pterygomandibular raphe,
the lateral border demarcated by SLDCF
extends dorsally medial to the mastica-
tor space and deep portion of the parotid
gland. The posterior margins are defined

by the deep layer of the deep cervical fas-
cia DLDCEF at the dorsal aspect of the ca-
rotid sheath. Several fascial layers within
the space define up to three compart-
ments with varying degrees of communi-
cation. These compartments are grouped
by some authors as prestyloid and post-
styloid parapharyngeal spaces, which
others term the parapharyngeal space
and carotid space, respectively. The
former contains fat and minor salivary
glands, while the latter contains the inter-
nal carotid artery (ICA), internal jugular

vein, and cranial nerves IX-XII. In the su-
prahyoid neck, as opposed to infrahyoid,
most authors consider the carotid sheath
to be an incomplete structure. At the level
of the angle of the mandible and ICA, the
carotid space is invested by the same fas-
cial layers as the parapharyngeal space,
thus becoming a posterior (retrostyloid)
compartment of the latter (Figure 1)

Parapharyngeal Infections

PPS is largely constituted by fat;
therefore, pathology arising from the
space is relatively uncommon. Its im-
portance relies on multiple anatomic
relationships. The PPS serves to cor-
roborate where pathology originates.
Adjacent lesions will shift the PPS in
different directions.® PPS infections
typically occur via the palatine tonsil or
by spreading from odontogenic, para-
nasal sinuses, and parotid gland infec-
tions.? The lymphatic drainage of these
structures leads to lymph nodes in the
retropharyngeal and PPS.’

Pharyngeal Mucosal Space and
Peritonsillar Space

Pharyngeal mucosal space contains
both mucosal and lymphoid tissue. The
peritonsillar space is a continuation of
the pharyngeal mucosal space, which is
divided into nasopharyngeal, oropha-
ryngeal, and hypopharyngeal segments.
It is bordered by the deep cervical fascia
middle layer along the lateral and pos-
terior margins. It is not, however, a true
enclosed fascial space because no fascia
is present along the airway surface. The
retropharyngeal space is located directly
posterior, while the parapharyngeal
space lies laterally. The intrinsic contents
include pharyngeal mucosa, lymphatic
ring (adenoids, palatine tonsils, lingual
tonsils), minor salivary glands, torus
tubarius (pharyngeal end of the eusta-
chian tube), and pharyngeal musculature
(superior and middle constrictor, salpin-
gopharyngeus, levator palatini) .5

Pharyngeal Mucosal Infections

Many aerodigestive tract infections
start in the pharyngeal mucosal space.
Infections in this space can demonstrate
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FIGURE 3. Peritonsillar abscess. Axial con-
trast-enhanced CT of the neck shows an ill-
defined region of necrosis centered in the left
peritonsillar region (arrows). Local mass effect
results in narrowing of oropharyngeal airway.

FIGURE 5. Calculus sialadenitis. Axial con-
trast-enhanced CT neck at the level of the
right submandibular space demonstrates a
sialolith (arrow) in a dilated right submandib-
ular duct. The submandibular gland (arrow-
head) is enlarged and enhancing.

a wide array of signs and symptoms in-
cluding pharyngitis, tonsillitis, suppura-
tion, and tonsillar abscess.' In general,
these are polymicrobial infections with
diverse aerobic and anaerobic flora.
Nonetheless, Fusobacterium necro-
phorum and Streptococcus group A are
among the most prevalent pathogens.’
Tonsillitis is a clinical diagnosis, but as
inflammation progresses, suppuration
and phlegmon can develop. Imaging
findings consist of diffusely enlarged
tonsils, abscess formation, and periton-
sillar inflammation (Figure 2). Tonsillar

, TR

FIGURE 4. Sialadenitis. Axial image (A) from contrast-enhanced neck CT demonstrates an

What the Radiologist Needs to Know

enlarged enhancing right parotid gland (circle) with surrounding fat stranding and thickening of
the platysma. An intraglandular rim-enhancing collection in the lower pole of the superficial lobe

(arrow in B) indicates an abscess.

abscess typically originates between the
tonsillar capsule and pillar (Figure 3).
Distinction between phlegmon and ab-
scess is important as it will dictate clini-
cal management. If an abscess is present,
aspiration is the standard of care.!

Submandibular/Sublingual Space

The submandibular space cor-
responds to the compartment at the
floor of the mouth (Figure 1). Con-
tiguous across the midline ventrally,
it is outlined anteriorly by the arch of
the mandible and posteriorly by the
submandibular glands. Its superior
margin, the mucosa of the floor of the
mouth, can be appreciated on physical
examination. Caudally it is bounded by
insertion of the SLDCF into the hyoid
bone. The space is subdivided into two
compartments by the mylohyoid mus-
cle: the sublingual (superiorly) and sub-
mandibular (inferiorly). The sublingual
compartment contains the sublingual
glands, the duct and deep portion of
the submandibular gland, the lingual
vessels, and the glossal/hypoglossal
nerves. The submaxillary space con-
tains the superficial portion of the sub-
mandibular gland. The compartments
communicate at the posterior margin of
the mylohyoid, which accounts for the
“diving” appearance of a ruptured ran-
ula. In 77% of cases, the compartments
may communicate through a defect in
the mylohyoid muscle (a boutonniere),

which may present as a palpable lump
of a herniated sublingual gland.>!!

Parotid Space

The parotid space (PS) contains
the parotid gland, which is bifurcated
by the facial nerve into superficial and
deep lobes. On routine CT or MRI, a
more conspicuous anatomic landmark
is the retromandibular vein, which lies
just medial to the facial nerve. An-
other landmark is the external carotid
artery, located immediately medial to
the retromandibular vein. The SLDCF
surrounds the parotid space (Figure
1). Craniocaudally, the parotid space
extends from the external auditory
canal/mastoid tip to the parotid tail,
just below the mandibular angle. The
parotid tail lies between the platysma
and sternocleidomastoid muscles. The
poststyloid (retrostyloid) parapharyn-
geal space is posteromedial to the pa-
rotid space, separated by the digastric
muscle posterior belly. The parapha-
ryngeal space lies medial to the parotid
space. The contents of the parotid
space include the parotid gland, facial
nerve, retromandibular vein, external
carotid artery branches, lymph nodes,
and parotid (Stensen) ducts.®

A common anatomic variant is the
parotid gland accessory third lobe, super-
ficial to the masseter muscle. The parotid
duct courses along the margin of the
masseter muscle, entering the buccinator

J Am Osteopath Coll Radiol 2020; Vol. 9, Issue 2
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FIGURE 6. Suppurative retropharyngeal
lymphadenopathy. Axial contrast-enhanced
CT of the neck at the level of the oropharynx
demonstrates an enlarged left retropharyn-
geal lymph node (also known as node of Rou-
viere), with central necrosis (circle).

muscle at the level of the second maxil-
lary molar. A normal duct is too small for
routine identification on imaging. Intrap-
arotid lymph nodes are routinely seen be-
cause parotid gland encapsulation occurs
after nodal chain development.®

Salivary Gland Infections

Acute sialadenitis may be viral, bac-
terial or calculus induced. Patients are
typically ill with acute pain exacerbated
by food. Leukocytosis is usually pres-
ent.!? When dealing with salivary gland
infections it is fundamental to consider
symptom chronicity and laterality. This
approach will help the interpreting ra-
diologist distinguish between isolated
and systemic pathologies and will also
aid in selecting the imaging modality
of choice. For example, a sialolith may
be better depicted by CT than MRI.
Bacterial infections are more common
in adults following recent surgery with
intubation and dehydration as predispos-
ing factors (Figure 4). Staphylococcus
aureus is amongst common pathogens in
adults, whereas Paramyxovirus (mumps)
is the most common culprit in the pedi-
atric population, but other viruses such
as adenovirus and parainfluenza are also
common pathogens. When multiple le-
sions are within the parotid gland, HIV
infection should also be considered as a
possible diagnosis.'?

Imaging will demonstrate an en-

FIGURE 7. Prevertebral abscess. Sagittal T1 postcontrast (A) and axial T2-weighted (B) images
of the cervical spine in a patient with anterior corpectomy/discectomy and instrumented fusion
demonstrate enhancement of prevertebral soft tissues (arrows in A) and a large abscess in the
surgical bed (arrowheads in B). Axial (C) and sagittal (D) CT images in the same patient also
demonstrate the abscess (arrows) in the surgical bed.

larged gland with periglandular inflam-
matory change. A dilated duct may be
present in cases of calculus sialadenitis
(Figure 5). Chronic sialadenitis may
present with a firm and painless gland
with fatty atrophy. Abscess formation
constitutes a late complication with the
parotid gland being the most common
location. Viral sialadenitis is a systemic
process, usually bilateral, and may in-
volve more than one group of salivary
glands .

Retropharyngeal (Retrovisceral) Space

The retropharyngeal or retrovisceral
space (RS) spans the suprahyoid and
infrahyoid neck as contiguous retro-
pharyngeal and retroesophageal spaces
(Figure 1). The region extends from the
skull base caudally to the mediastinal fu-
sion of the anterior buccopharyngeal and
posterior alar fascia (most commonly
near the level of the tracheal bifurcation).

Laterally, a band of fascia known as the
cloison sagittale separates it from the
parapharyngeal space. The RS and pre-
tracheal spaces communicate around the
esophagus between the thyroid cartilage
and inferior thyroidal artery >

Retropharyngeal Infections
Retropharyngeal infections constitute
a deep neck infection allowing for poten-
tially lethal complications. The supra-
hyoid RS contains lymph nodes and fat,
whereas the infrahyoid RS only contains
fat. Infections are secondary to direct
spread or from direct inoculation in the
setting of penetrating trauma. Patients
can present with different symptoms
depending on where the process arises.
Infections usually begin in the pharynx,
paranasal sinuses, middle ear, or pre-
vertebral space. Contrast-enhanced CT
of the neck is usually the imaging mo-
dality of choice. Findings vary from low

Page 8

J Am Osteopath Coll Radiol 2020; Vol. 9, Issue 2



FIGURE 8. Masticator space abscess. Contrast-enhanced coronal maxillofacial CT images in bone
(A) and soft tissue (B) windows demonstrate a periapical lucency (arrow in A) surrounding a left
maxillary molar tooth and dehiscence of the maxillary buccal cortex. An adjacent peripherally
enhancing collection (arrowheads in B) represents a subperiosteal abscess.

FIGURE 9. Lemierre syndrome. Axial (A) and sagittal (B) contrast-enhanced CT of the neck
demonstrates a nonocclusive filling defect within the left internal jugular vein (arrows) with sur-
rounding fat stranding. Level lll cervical lymphadenopathy (arrowhead) is also present anterior to
the internal jugular vein.

FIGURE 10. Carotidynia. Axial image from contrast-enhanced CT angiogram of the neck at the
carotid bifurcation shows circumferential soft-tissue thickening encasing and narrowing the left
carotid bulb (circle).

hat the Radiologist Needs to Know

attenuation effusion of the RS to phleg-
mon and abscess formation. Impaired
lymphoid drainage or excess lymphoid
production will lead to local edema and
nodal enlargement. Suppurative nodes
and retropharyngeal abscess are at times
used interchangeably. However, dis-
tinction between the two is important
because it will dictate clinical manage-
ment. Suppurative nodes consist of en-
larged nodes with internal necrosis, with
pus formation contained within the thick
enhancing node capsule (Figure 6).!3'4
A retropharyngeal abscess usually man-
ifests as a low attenuation fluid collection
that will result in anterior displacement
of the of the posterior pharyngeal wall
from the prevertebral muscles. Retro-
pharyngeal abscess does not typically
exhibit a thick enhancing wall."

Posterior Cervical Space

The posterior cervical space corre-
sponds to the posterior triangle of the
neck outlined by the sternocleidomastoid
anteriorly and the trapezius posteriorly.
The medial fascial boundary is demar-
cated by the DLDCEF as it curves around
the paraspinal muscles of the preverte-
bral space from the spinous processes/
nuchal ligaments posteriorly, to the
transverse processes of the cervical ver-
tebra anteriorly (Figure 1). Although
separate from this compartment, the
posterior triangle also encompasses a
space containing the spinal accessory
nerve and its lymph node chain. Lymph-
adenopathy in this chain will result in a
characteristic anterior displacement of
the carotid sheath, which lies ventrally.

Pre- and Perivertebral Infections

The bulk of the pre- and periverte-
bral space (PVS) is comprised of mus-
cles and osseous structures. Infection
is common and usually occurs from
direct inoculation after trauma or sur-
gery, direct extension, or hematogenous
spread. Predisposing risk factors in-
clude intravenous drug use and immu-
nocompromised status. Symptoms vary,
including neck pain, focal tenderness,
and myelopathy if epidural involvement
is present. Staphylococcus aureus is one

J Am Osteopath Coll Radiol 2020; Vol. 9, Issue 2
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of the most commonly isolated patho-
gens. Contrast-enhanced CT and MRI
are complementary when evaluating the
PVS. Imaging findings include pre- or
perivertebral fluid, myositis, endplate
destruction (discitis/osteomyelitis and
presence of hardware construct). Edema
in this space will displace the longus ca-
piti muscles, a helpful clue that will dif-
ferentiate from a process arising in the
RS (Figure 7). The DLDCF confines
the infection so that it preferentially ex-
tends into the epidural space.'®!” Nodal
involvement is common.'*

Masticator Space

The masticator space (MS) consists
of paired spaces on each side of the
face and is bounded by the SLDCF.
The SLDCEF splits in two layers at the
lower border of the mandible. The su-
perficial layer encloses the masseter
muscle extending over the zygomatic
arch and attaches to the lateral orbital
wall. The deep layer extends medial
to the medial pterygoid muscle and
attaches to the skull base medial to the
foramen ovale. These two layers fuse
along the borders of the mandibular
ramus.>'> The MS comprises mastica-
tor muscles (pterygoid, masseter and
temporalis) and the posterior mandib-
ular ramus."

Masticator Infections

Clinical evaluation of the masticator
space is limited. Patients may complain
of trismus mimicking temporomandib-
ular joint disease. Most MS infections
are the result of direct spread of ad-
vanced odontogenic infections (Figure
8). Several pathways of spread had
been proposed, which include a corti-
cal break along the buccal aspect of the
maxillary bone with propagation along
the medial pterygoid muscle fibers.
Secondary extension is directed superi-
orly along interlaced muscle fibers and
vertical orientation of the cervical fas-
cia.? Imaging findings include edema
and muscle stranding with occasionally
phlegmon/abscess formation, classi-
cally situated adjacent to the mandibu-
lar ramus.?

Unique Entities
Lemierre Syndrome

Acute oropharyngeal infection can
cause septic thrombophlebitis of the in-
ternal jugular vein. This process is almost
exclusively caused by Fusobacterium
necrophorum. Infection occurs after lat-
eral spread from the lateral pharyngeal
space. Neck swelling and tenderness
are the hallmark symptoms (Figure 9).
Pulmonary nodules are also found as the
venous system serves as a route of met-
astatic spread. Contrast-enhanced CT
of the neck is the modality of choice and
will demonstrate thrombosis of the inter-
nal jugular vein and thrombophlebitis 2

Carotidynia or Fay Syndrome

This is a poorly understood syn-
drome manifested by unilateral neck
pain and increased pulsation in the af-
fected side.”! Imaging findings consist
of amorphous soft tissue or stranding
replacing the fat surrounding the ca-
rotid artery without luminal narrowing.
Patients usually complain of neck pain
with tenderness to palpation over the
carotid bifurcation (Figure 10).2

Summary

Imaging plays an important role in the
evaluation of neck infections and CT and/
or MR imaging is commonly obtained
in the emergency department. Clinical
presentations vary based upon the neck
compartment in which each entity arises.
Knowledge of the imaging patterns and
potential complications of various infec-
tious processes will allow the radiologist
to provide an accurate and prompt diag-
nosis, evaluate for potential complica-
tions, and ensure optimal treatment.
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Many of the more lethal malignan-
cies originate from viscera in the

abdomen and pelvis including tumors
of the prostate, pancreas, liver, and
colon/rectum.' In the ongoing work to
improve patient survival, imagers must
be cognizant of oncologic emergencies.
These are defined as acute, potentially
life-threatening events that develop as
effects of cancer or its treatment. The
most common oncologic emergencies
relate to the gastrointestinal system and
have a high association with mortality >
Oncologic emergencies can occur at
any point during disease and may be the
initial presenting manifestation. These
emergencies are not limited to malig-
nancies, as pathologically benign tumors
may also present emergently causing
life-threatening bowel, biliary, or ure-
teral obstruction.* The imager’s role is
critical as prompt diagnosis increases the
likelihood of a positive outcome.

The imaging manifestations of on-
cologic emergencies can be categorized
into distinct patterns affecting the vas-
cular, biliary, bowel, and genitourinary
systems. CT will be emphasized as the
modality of choice for most oncologic
emergencies; however, there are often
ancillary roles for ultrasound for initial
screening, as well as nuclear medicine
studies and MRI for further characteriz-
ing previously detected abnormalities. In
addition to imaging findings, common

clinical presentations will be discussed,
as correlation with signs and symptoms
adds value to the radiologist’s report and
facilitates future imaging.

Vascular
Hemoperitoneum

Spontaneous hemoperitoneum can
occur in hypervascular tumors such as
hepatocellular carcinoma (HCC), angio-
sarcoma, pancreatic solid pseudopapil-
lary tumor (SPT), and neuroendocrine
tumors. In high HCC-prevalent regions
of Asia and Africa, lifetime incidence
of spontaneous hemorrhage from HCC
can be as high as 14% . Rarely, hema-
togenous malignancies can present with
intraperitoneal hemorrhage secondary
to coagulopathy. Patients often present
with diffuse abdominal pain due to peri-
toneal inflammation by blood. Larger
volume hemorrhages result in hypovo-
lemia, with nausea, hypotension, tachy-
cardia, and eventually shock. Laboratory
values may show drop in hematocrit;
however, values are often normal. CT is,
therefore, critical in diagnosis.

Imaging will demonstrate variable
attenuation of blood products depend-
ing on acuity. Anemia or dilution by
ascites may also decrease attenuation,
with typical density of 35 to 45 HU.®
While presence of hemoperitoneum
can be detected by noncontrast CT, lo-
calizing the source of hemorrhage is

Oncologic Emergencies of the Abdomen and Pelvis

facilitated by intravenous contrast ad-
ministration (Figure 1). Most abdom-
inopelvic CT imaging in the setting of
acute abdominal pain will be performed
in the portal venous phase, which can
identify the presence of hemoperito-
neum, as well as demonstrate the sen-
tinel clot sign, which may help localize
the likely site of active bleeding. Clot-
ted blood is of higher attenuation (45 to
70 HU), which will stand out against the
background of nonclotted blood. Imag-
ing in the arterial phase with CT angi-
ography (CTA) can demonstrate and
localize active arterial extravasation and
guide further treatment by surgical or
interventional radiology teams.

Trauma may complicate interpre-
tation because certain tumors are more
vulnerable to injury than adjacent nor-
mal parenchyma. For instance, a small
liver HCC could potentially hemorrhage
after minor blunt trauma and be misin-
terpreted as a laceration. A spleen that is
enlarged due to lymphoma involvement
is similarly at increased risk for rupture.’
Careful review of history and ancillary
findings aids appropriate diagnosis.

Immediate treatment consists of in-
travenous infusion of fluids and blood
products to improve hemodynamic
stability. Correction of coagulopathy
is also attempted to the extent possible
with platelets and clotting factors. Sur-
gery or targeted embolization should
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FIGURE 1. Spontaneous hemoperitoneum in a 60-year-old man with multifocal HCC. Axial CTA

Oncologic Emergencies of th men and Pelvis

image (A) demonstrates active extravasation of contrast from the left lobe after minor trauma
(arrow). Coronal CTA image (B) in the same patient shows the sentinel clot sign, which is useful
for gross localization of a site of bleeding. Note the higher density of free fluid adjacent to the site
of hemorrhage (51 HU) compared to that adjacent to the right lobe of the liver (22 HU). The site
of hemorrhage could not be identified on angiography, but the left hepatic artery was empirically

embolized based on the CTA findings.
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FIGURE 2. Massive Gl bleeding in an 18-year-old patient with AML and steroid-refractory graft-
vs-host disease. Noncontrast axial (A) and coronal (B) CT images demonstrate fluid-fluid levels
with layering hematocrit (arrow) throughout nearly all loops of the small bowel, which represent
blood. No oral contrast was administered. The bowel is diffusely dilated and demonstrates inter-
mittent long-segment mural thickening (arrowhead).

also be considered for focal masses with
life-threatening hemorrhage.

Acute Gastrointestinal Hemorrhage
Malignancy is an uncommon cause
of gastrointestinal (GI) bleeding, com-
prising approximately 7% of lower GI
bleeds.® Focal hemorrhage due to can-
cer in the bowel is almost exclusively
due to primary adenocarcinoma, which
causes diffuse mucosal ulceration and/
or erosion into adjacent vessels. Rare
hemorrhages caused by direct vascular
invasion by other aggressive abdomi-
nal tumors (such as HCC or pancreatic
adenocarcinoma) have been reported.’
Hemorrhage over a long segment of
bowel may also occur as a consequence
of treatment for hematologic disease.
Twenty percent of patients with graft
vs host disease (GVHD) after allogenic

marrow transplant will suffer from dif-
fuse or long segment moderate-severe
GI bleeding, usually from the small
bowel.!0

Gastrointestinal hemorrhage sec-
ondary to cancer is frequently low vol-
ume and not radiographically evident."!
A hemorrhage rate of at least 0.35 ml/
min is typically required for CTA de-
tection, which will demonstrate focal
hyperdense contrast extravasation
within the bowel lumen.'? A circumfer-
ential or focal mass in the bowel may
be detected; however, these are often
small. When utilizing CTA to evaluate
for acute GI bleed, it is imperative that
oral contrast not be administered, as it
will obscure a typically small volume
of intra-arterial contrast extravasating
into the lumen. GVHD disease usually
results in hyperdense fluid in the bowel

due to diffuse oozing of blood. It is
accompanied by long-segment small
bowel wall thickening and smooth cen-
tral enhancement (Figure 2).

As an alternative to CTA, Tc-99m
red blood cell (RBC) scintigraphy is
more sensitive for bleeding, requiring
a rate of at least 0.2 ml/min to detect
active hemorrhage.'? The longer imag-
ing time of scintigraphy also improves
the detection of intermittent bleeds.
Imaging of an active bleed will demon-
strate accumulation of a radiotracer in
the bowel outside of the intravascular
compartment (Figure 3). Continued
imaging may show a radiotracer in
transit along the course of the bowel by
peristalsis. Despite the increased sensi-
tivity of scintigraphy, CTA is preferred
at most institutions because of more
accurate localization and improved
detection of soft-tissue findings. Of
note, some limitations on nuclear med-
icine exams may improve with hybrid
SPECT/CT imaging.

Catheter-directed angiography re-
quires a rate of at least 1 ml/min for
diagnostic localization of an active
hemorrhage but has the added advan-
tage of allowing concurrent therapeutic
embolization.'? This modality is most
useful for cases of massive bleeding
(the requirement of transfusion of at
least 4 units of blood over 24 hours or
hypotension with systolic blood pres-
sure < 90 mm Hg) or when endoscopic
management has failed.!* Both scintig-
raphy and CTA are useful for guiding
interventional radiology, endoscopic,
and surgical procedures.

Acute Venous Thrombosis and
Thromboembolic Events
Approximately 3% of all cases of
acute mesenteric thrombosis affect
the veins, and malignancy is found in
a subset of 4% to 16% of these cases
(most commonly myeloproliferative
disorders).!*!5> Mesenteric thrombosis
is much less common than deep venous
thrombosis and pulmonary embolism,
but shares the common mechanism of
over-expression of procoagulant factors
by both tumor cells and noncancerous
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FIGURE 3. Spontaneous focal Gl hemorrhage in a 74-year-old man with colonic adenocarcinoma. Tc-99m (RBC) scintigraphy examination (A) demon-
strates appearance of focal activity in the region of the ascending colon (arrow), which slowly accumulates over time and is seen peristalsing toward the
hepatic flexure in subsequent images (arrowhead). In the same patient, contrast-enhanced coronal CT (B) with oral contrast demonstrates a small area of
thickening and luminal narrowing above the ileocecal valve (arrow), which might not have been detected without localization by scintigraphy. Biopsies
from colonoscopy demonstrated primary colonic adenocarcinoma. After stabilization the patient was treated definitively by hemicolectomy.

tissue. The classic clinical presentation
is pain out of proportion to physical ex-
amination findings, which begin with
subtle distension and blood in the stool.
Findings are occasionally difficult to
identify on CT, with retrospective stud-
ies indicating at least 90% accuracy in

diagnosis of venous mesenteric throm-
bosis.'* On portal venous phase con-
trast-enhanced CT, the filling defect in
the mesenteric vasculature appears as a
central hypodensity with enhancement
of the wall of the affected vessel. Other
potential associated findings include

portal venous thrombosis and those of
intestinal infarction, typified by bowel
hypoenhancement, wall thickening,
and pneumatosis intestinalis. Although
it is rarely considered, catheter-di-
rected mesenteric angiography can be
performed in indeterminate cases and
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FIGURE 4. Portal venous and focal aortic thrombosis in a 58-year-old
woman with metastatic mucinous adenocarcinoma of the colon on bev-
acizumab. Axial contrast-enhanced CT of the abdomen demonstrates fill-
ing defects in both the left portal vein (arrow) and eccentrically within the
lumen of the aorta (arrowhead). The thrombi gradually resolved on subse-
quent studies with pharmacologic anticoagulation.

would demonstrate a filling defect with
late opacification of the proximal vein.!®

Treatment with anti-angiogenic
agents has also been shown to result in
arterial and/or venous thrombotic events
(Figure 4).'7 This is most common in
patients treated with bevacizumab for
metastatic colorectal cancer, with rel-
ative risks of 1.3 for venous and 1.6 for
arterial thromboembolic events.'® The
exact mechanism by which thrombosis
occurs is not clear, but theories propose
that inhibition of VEGF increases vascu-
lar inflammation and viscosity/platelet
aggregation.

Overall patient survival is better for
venous ischemia compared to arterial
ischemia but will depend on the specific
course of the patient’s cancer.!” Those
with limited disease can be treated with
systemic anticoagulation and bowel
rest, while emergent surgical resection
is indicated when bowel infarction has
occurred.

Pancreaticobiliary
Obstruction

Pancreatic, ampullary, duodenal,
bile duct, and hepatic tumors can result
in pancreaticobiliary obstruction, usu-
ally by direct invasion or compression
of the ducts. Typically, common bile
duct (CBD) obstruction is caused by
pancreatic ductal adenocarcinoma, fol-

lowed by invasive cholangiocarcinoma
and gallbladder carcinoma. However,
any sufficiently large tumor can ob-
struct ducts by mass effect (Figure
5). Fifty-five percent of patients with
pancreatic ductal adenocarcinoma will
present with jaundice due to conju-
gated hyperbilirubinemia, which pro-
gressively worsens as the obstruction
becomes complete.?’ Although the clas-
sically suspicious symptom for cancer is
painless jaundice, 79% of patients with
pancreatic ductal adenocarcinoma pres-
ent with epigastric pain. Left untreated,
obstruction may lead to cholangitis.

The initial imaging test ordered to
evaluate obstruction will depend on
clinical suspicion. CT is comparable to
endoscopic retrograde cholangiopan-
creatography (ERCP) in establishing
the presence of malignant extrahepatic
obstruction. In addition to being nonin-
vasive, CT can show ancillary findings
such as metastases. Ultrasound is signifi-
cantly worse for diagnosis (sensitivity
of 57%); however, due to its low cost
it may be used as the initial study when
benign disease is suspected.>! When no
obvious mass is identified, MR cholan-
giopancreatography (MRCP) should be
considered.

Strict size criteria for diagnosing
CBD dilation are controversial; however,
a simple formula of 6 mm plus 1 mm

FIGURE 5. Biliary obstruction in a 69-year-old woman with cholan-
giocarcinoma. T2-weighted MRI of the abdomen in the coronal plane
demonstrates a large mass (arrow) at the neck of the dilated gallblad-
der obstructing the intrahepatic biliary ducts at the hilum. The distal
CBD (arrowhead) is unobstructed.

for each decade after age 60 is generally
accepted.? The size of the common bile
duct may also be increased after cho-
lecystectomy, with potential normal
dilation of up to 10 mm.? Intrahepatic
ductal dilation can be defined as ductal
size >2 mm or > 40% of the adjacent por-
tal vein.? Dilation of both the intra- and
extrahepatic ducts is more suspicious for
obstructing malignancy than dilation of
the extrahepatic ducts alone. Dilation of
intrahepatic ducts alone may suggest a
hilar or intrahepatic malignancy.

Endoscopic stenting may be initially
used as a bridge to surgery, or for pal-
liation in patients with unresectable
disease. Stents do not interfere with the
ability to perform subsequent pancre-
aticoduodenectomy. Strictures that can-
not be traversed with an internal drain
require percutaneous external biliary
drain placement to decompress the bil-
iary ducts.?®

Cholecystitis

Gallbladder carcinoma is a rare ma-
lignancy that rarely causes acute chole-
cystitis. Adenocarcinoma represents 90%
of cases, with the remainder consisting of
squamous, adenosquamous, lymphoma,
small cell, and sarcoma malignancies.
The rate of incidental gallbladder carci-
noma in patients undergoing cholecystec-
tomy for acute cholecystitis in the US is
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FIGURE 6. Acute cholecystitis in a
77-year-old woman with gallbladder
adenocarcinoma. T2-weighted coronal
maximum intensity projection MRI (A)
demonstrates nonvisualization of the
cystic duct. Prominence of the adjacent
intrahepatic ducts (arrowhead) is also evi-
dent. HIDA scan (B) in the same patient
demonstrates nonvisualization 40 min-
utes after the administration of intrave-
nous morphine, indicating cystic duct
obstruction.
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FIGURE 7. Small bowel obstruction in an 88-year-old woman with adeno-
carcinoma. Coronal contrast-enhanced CT shows an enhancing cecal mass
(arrowhead) at the ileocecal valve with dilation and fecalized contents of
the terminal ileum (arrow). Note fat stranding of the adjacent mesentery.

approximately 0.5% but may be as high as 2.3% in East Asia.?®
As symptoms are related to cystic duct obstruction by the tumor,
they closely mimic symptoms of calculous cholecystitis, with
acute right upper quadrant pain, fever, and Murphy’s sign.
Gallbladder carcinoma is usually advanced at presentation
and has a propensity for invading the adjacent liver (Figure 6).
Many cases present with metastases or bulky porta hepatis and
para-aortic lymphadenopathy, with only 25% of these treated
with potentially curative resection.?” A minority of patients
with gallbladder carcinoma have subtle findings, which can
make prospectively differentiating acute cholecystitis from
early gallbladder cancer difficult. A small study has demon-
strated that elevated C-reactive protein level and less regional
fat stranding are reliable indicators of gallbladder cancer, while
cholelithiasis and leukocytosis are not.?® Irregular wall thick-
ening was useful when present, but only 20% of cancers were
polypoid in morphology with the rest infiltrative. The presence
of cholelithiasis is not a useful discriminating factor because
most patients with gallbladder cancer have gallstones—in
fact, larger stones and longer duration of cholelithiasis are both
major risk factors for developing gallbladder carcinoma.?
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FIGURE 8. Large and small bowel obstruction in a 56-year-old man with colonic adenocarcinoma.
Coronal contrast-enhanced CT (A) shows a large bowel obstruction with secondary dilatation of small
bowel, with a transition at the hepatic flexure (arrow). Symptoms were thought to be due to infec-
tious or inflammatory enterocolitis because of the patient’s relatively young age, and no follow-up
colonoscopy was performed. Repeat CT (B) 6 months later for similar symptoms demonstrates worse
distension throughout the proximal bowel, with a more obvious soft-tissue mass at the transition site
(arrow). The patient was found to have invasive adenocarcinoma with metastases to the lungs.

FIGURE 9. Large bowel obstruction in an 82-year-old patient with sigmoid colon adenocarcinoma.
Initial coronal noncontrast CT (A) demonstrates a sigmoid colon stricture of uncertain etiology with
small fecalith (arrow). Symptoms did not resolve with conservative treatment and a biopsy from a
decompressive sigmoidoscopy demonstrated adenocarcinoma. Subsequent axial CT with oral con-
trast (B) demonstrates adequate decompression after endoscopic stent placement.

While white blood cell (WBC) counts
tend to be higher in acute cholecystitis
by itself, WBC counts are also usually
abnormal in gallbladder carcinoma
with acute cholecystitis due to acute
inflammation.*

Cholecystitis in the setting of gall-
bladder malignancy may be addressed
definitively by surgery in certain cir-
cumstances. Simple laparoscopic cho-
lecystectomy is considered appropriate
for Tla disease, with cure rates ranging
from 85% to 100% if negative margins
are attained. Only retrospective studies
are available as to outcomes for more ad-
vanced disease; however, most show that
more radical surgery portends better out-
comes.’! An extended cholecystectomy
at a minimum involves resection of a rim

of hepatic segments IVb and V. T4 dis-
ease, which invades the main portal vein,
hepatic artery, or multiple extrahepatic
organs, is unresectable and best suited to
palliative care such as cholecystostomy.

Cholecystitis has also been reported
in a small number of cases as a treat-
ment-related side effect from immune
checkpoint inhibitor therapy. In contrast
to cystic duct obstruction by invasion or
compression, the cause is believed to be
an autoimmune-related inflammatory
state in the gallbladder. These cases
were seen in association with drugs tar-
geted to the PD-L1/PD-1 and CTLA-4
pathways. The role of steroids has not
yet been defined, so these cases are
managed similarly to cases of typical
cholecystitis.*

Bowel
Obstruction

Malignancy is a common cause of
obstruction of both the small and large
bowel. Approximately 20% of small
bowel obstructions are due to tumors,
predominantly metastases from ovar-
ian, colonic, pancreatic, and gastric
neoplasms.* Of primary small bowel
tumors resulting in obstruction, gastroin-
testinal stromal tumors (GIST) are most
common, followed by lymphoma and
adenocarcinoma.** In the large bowel,
roughly 70% of all obstructions are due
to neoplasm, with almost one-fifth of all
cases of colon cancer complicated by
obstruction at some point. Usually this
is due to locally advanced but resectable
primary adenocarcinoma. A minority
of bowel obstructions occur with lym-
phoma and noncolonic neoplasms such
as pancreatic and ovarian cancer.’ Pa-
tients with acute obstruction will pres-
ent with abdominal distension, signs of
dehydration, and a tympanic abdomen.
Often the slow growth of tumors leads to
an insidious onset with postprandial dis-
comfort and nausea leading up to acute
complete obstruction.

Radiography of acute small bowel
obstruction demonstrates dilated bowel
loops with air-fluid levels; however,
contrast-enhanced CT has become the
imaging modality of choice *® CT better
shows the location, severity, etiology,
and complications of obstruction. Clas-
sically, the tumor is located in the ileum
and results in enhancing short segment
thickening of the bowel wall, with up-
stream dilation. Masses often serve as
a lead point for intussusception, which
produces a bowel-within-bowel appear-
ance. The small bowel feces sign (Fig-
ure 7) appears as gas and particulate
matter just proximal to the mass, point-
ing to the site of obstruction.?”

In the large bowel, the classic ob-
structing tumor is in the rectosigmoid
colon, the same location for the most
common nonmalignant source of large
bowel obstruction, sigmoid volvulus.
Because of the colon’s greater capacity
to distend, adenocarcinoma classically
produces a circumferential “apple core”
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Primary small bowel tumors and lym-
phoma are rarely associated. Tumor
size is the primary risk factor, with case
studies reporting 8 to 26 cm.*> Another
important risk factor is chemoradio-
therapy. A case study of 2096 cervical
cancers found that all 38 patients who
developed TBFs had undergone prior
radiation therapy .** TBF should be sus-
pected on imaging when gas is present
within a tumor; however, gas may also
be a sign of bacterial infection. In un-
clear cases, the administration of oral
contrast allows for a more confident
diagnosis when contrast is seen extend-
ing into the tumor. A tract between the
tumor and nearby bowel can often be
appreciated on reformats (Figure 10).
The risk of tumor-related perfora-
tion is highest in ovarian, pancreatic,
colon, and rectal cancers. Molecular tar-

P e T ]
FIGURE 10. Tumor bowel fistula (TBF) in a 55-year-old woman with a history of mature cystic
teratoma. Coronal contrast-enhanced CT (A) demonstrates a heterogenous air-filled mass in the
central pelvis superior to the urinary bladder. There is a tract (arrow) connecting to the nearby
sigmoid colon, suspicious for TBF. Subsequent axial CT image acquired after the administration of
oral contrast (B) shows that contrast (arrowhead) passes from the bowel into the pelvic mass. An
axial CT performed 3 months earlier (C) shows that the mature cystic teratoma initially measured >

16 cm. After development of the TBF, most of its contents passed into the large bowel.

FIGURE 11. Spontaneous colonic perforation in a 73-year-old woman with history of adenocarcinoma
of the lung metastatic to the liver, on chemotherapy. On axial CTA (A), there is free fluid (arrow) and
air on the left adjacent to a mural defect in the transverse colon, compatible with perforation. More
cranial axial image demonstrates portal venous gas (arrowhead) in the liver, an ominous sign of bowel
ischemia. The patient was not considered a surgical candidate and died 18 hours later.

lesion (Figure 8). Upstream dilation
varies but can measure > 8 cm proximal
to the transition point.*

Emergent surgery should be per-
formed in cases where perforation or
ischemia is evident, manifested by
pneumatosis intestinalis or portal ve-
nous gas.*® In the large bowel, flexible
sigmoidoscopy, often with endoscopic
stenting (Figure 9) appears reasonably
successful for preoperative decompres-
sion or palliation.*’

Ischemia, Perforation, and Fistula
These rare GI oncologic compli-

cations can occur spontaneously but

are increasingly likely to be related to

targeted drug and radiation treatments.
The complications of ischemia, perfo-
ration, and fistula share several com-
mon suspected mechanisms related to
pressure necrosis, mural infiltration by
malignant cells, and/or inflammation
due to radiation and chemotherapy.*!
Patients will usually present with ab-
dominal pain, nausea, and fever. Of
note, as many as 12.5% of patients with
tumor-bowel fistulas will be asymptom-
atic at diagnosis. Intravenous and oral
contrast-enhanced CT is the imaging
study of choice.

The most common causes of tu-
mor-bowel fistulas (TBF) are bulky
cervical, ovarian, and colon cancers.

geted therapy with antiangiogenic drugs
is particularly associated with perfora-
tion, and to a lesser extent, fistula. For
instance, treatment with bevacizumab
(a monoclonal antibody which inhibits
VEGF-A) carries a risk of bowel perfo-
ration between 1% and 4% .** On imag-
ing, gas and fluid are usually proximal
to the site of perforation (Figure 11).
Large bowel perforations can result in
massive pneumoperitoneum, whereas
small bowel perforations can be more
difficult to detect. In some cases, the gas
remains closely localized to the site of
perforation due to containment by in-
flammatory reaction.

Early discontinuation of treatment
is important for initial treatment of both
TBF and perforation, as stopping mo-
lecular targeted therapy is associated
with reversal of pneumatosis.** Defin-
itive management requires surgical re-
section, but conservative management
can be attempted in the absence of peri-
tonitis or sepsis.

Genitourinary
Urinary Tract Obstruction

In addition to urothelial cell carci-
noma (UCC), urinary tract obstruction
occurs often in patients with a variety of
malignancies involving the retroperito-
neum and pelvis including colon, ovary,
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FIGURE 12. Bilateral ureteral obstruction in a 58-year-old patient presenting with spontaneous
tumor lysis syndrome from previously undiagnosed “double hit” B-cell lymphoma. Axial non-
contrast CT (A) demonstrates bilateral hydronephrosis. The left psoas is enlarged and indistinct
(arrow), indicating its involvement by lymphoma. There are several enlarged retroperitoneal
lymph nodes. An axial CT image (B) of the abdomen more inferiorly demonstrates encasement of
the dilated right ureter (arrowhead) by lymphoma.

FIGURE 13. Unilateral ureteral obstruction in a 66-year-old man with poorly differentiated
adenocarcinoma thought to be arising from an appendiceal mucocele. There is unilateral right
hydroureteronephrosis seen on coronal noncontrast CT (A). Sagittal CT with oral and intrave-
nous contrast (B) shows ureteral dilation that terminates at the site of irreqular mural thickening
(arrowhead). The stricture is surrounded by fat stranding and is in proximity to the heterogenous

mass arising from the appendix (arrow).

and prostate neoplasms causing direct
invasion or compression. Malignant
urinary obstruction is an ominous devel-
opment, with a median survival time of
3 months.* Lymphoma/lymphadenop-
athy less commonly results in obstruc-
tion (Figure 12). Primary urothelial cell
carcinoma (UCC) of the ureter is ex-
ceedingly rare, occurring approximately
100 times less frequently than UCC of
the bladder. In addition to pain, patients
are at high risk for developing sepsis
related to obstruction and may also de-
velop hypertension from electrolyte and
water retention. Symptoms are variable
depending on the acuity of obstruction.
When due to unilateral external com-
pression, patients are often initially

asymptomatic because of the slow pro-
gression of disease.

In order of increasing preference,
ultrasound, CT without contrast, con-
trast-enhanced CT, and CT/MR urog-
raphy can be used to image malignant
obstruction. Noncontrast CT and ul-
trasound are often performed in the
emergent setting because of concur-
rent acute renal failure, prohibiting the
use of intravenous contrast. While any
portion of the collecting system can be
involved, the distal third of the ureter
is a frequent site (Figure 13).*” Prox-
imally, the collecting system will be
dilated with the kidney demonstrating
a delayed nephrogram on contrast-en-
hanced CT. A delayed nephrogram

(Figure 14) appears as reduction of the
normal renal parenchymal enhance-
ment in the later phases of contrast
excretion (the time point when ve-
nous-phase CT is performed). An infil-
trating mass with adjacent fat stranding
will often be seen in the renal pelvis or
ureter in cases of UCC, occasionally
appearing as an intrarenal mass when
arising in a more proximal calyx. If no
definite mass is identified, then irregular
narrowing of the ureteral lumen can be
a helpful sign.*® Although infrequently
performed by radiologists, retrograde
pyelography may show contrast within
the interstices of a UCC (stipple sign)
and distal cupping of intraluminal
tumor by contrast (goblet sign).

The three general categories of
treatment for acute genitourinary ob-
struction are: palliation, treatment of
extrinsic compression, and surgery. In
the case of obstruction by metastasis,
the usual approach is by palliation of
symptoms with retrograde placement
of a ureteric stent. If this cannot be
accomplished, percutaneous nephros-
tomy catheter placement will relieve
the obstruction but is more invasive and
requires an external drainage bag. For
extrinsic compression, treatment of the
offending mass should resolve the ob-
struction; however, stents or nephros-
tomy tubes may be used as temporizing
measures. Lastly, ureteral diversion sur-
geries can be considerered.*’

Acute Adnexal Torsion

Ovarian cysts and masses are the
primary risk factors for adnexal torsion.
Two case series of patients with ovarian
torsion found that 31% to 46% had an
ovarian mass, with most of the remain-
der having simple and hemorrhagic
cysts.#20 Torsion is overwhelmingly
more likely to occur in patients with
benign masses. A potential explanation
is that malignant masses preferentially
develop a fixating desmoplastic re-
action. Acute adnexal torsion is most
likely to occur in patients of reproduc-
tive age. Pregnant patients are at partic-
ular risk, probably due to hypermobile
ligaments.”! Patients present with acute
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metastases. Contrast-enhanced CT demonstrates decreased attenuation of the right kidney due
to obstruction by metastasis (not pictured) and poor contrast uptake. Scattered peritoneal metas-

tases measuring < 5 mm are present.
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FIGURE 15. Acute adnexal torsion in a 15-year-old girl with an ovarian mature cystic teratoma.
Grayscale ultrasound demonstrates a heterogenous, enlarged right ovary that contains an echo-
genic, poorly defined mass on sagittal (A) and transverse (B) grayscale images. The patient was
found to have acute torsion on surgery, with a 15-cm mature cystic teratoma serving as the lead
point. Spectral Doppler ultrasound (C) demonstrates the presence of arterial waveforms in the
morphologically abnormal ovary.

pelvic pain, nausea, and sometimes
fever. The pain may be intermittent due
to spontaneous detorsion and retorsion.
Initial investigation for torsion
should be performed by ultrasound. The
most reliable finding on ultrasound is

an enlarged ovary, measuring > 20 ml
in volume or > 4 cm in greatest dimen-
sion. The ovary may also demonstrate
stromal edema and heterogeneity due
to vascular outflow obstruction. An in-
frequent but specific sign for adnexal

Oncologic Emergencies of the Abdomen and Pelvis

torsion is the twisted vascular pedicle
(whirlpool sign). This manifests as a
hyperechoic mass adjacent to the ovary
with central hypoechoic vessels, some-
times with a beak-like interface. Unlike
in the testes, arterial spectral Doppler
waveforms may be preserved because
of its dual-ovarian blood supply from
uterine collaterals and the ovarian ar-
tery. Masses serving as lead points will
have variable imaging appearance.
Mature cystic teratoma is the most com-
mon mass seen in torsion, with benign
serous cystadenoma slightly less likely
(Figure 15).5

While CT should not be performed
as the primary modality in cases of sus-
pected ovarian torsion, it may be the first
line of imaging when symptoms and
history are atypical. In addition to the
ovary appearing enlarged and displaced,
the uterus is often displaced toward the
side of torsion. In less than one-third of
cases, a twisting of the vascular pedicle
in the affected adnexa can be visualized.
Absent enhancement is a worrying sign
for infarction of the ovary. MRI is not
typically utilized in the emergent setting
due to the ease of ultrasound but demon-
strates a similar pattern of findings as
described with CT, with T1 hypointense/
T2 hyperintense edema.

Adnexal torsion, if not treated
promptly, can lead to ovarian necrosis
and infertility. Patients with an ovarian
mass suspicious for malignancy re-
quire salpingo-oophorectomy, whereas
benign cysts may be treated with cys-
tectomy and detorsion/fixation of the
ovary.>?

Conclusion

Oncologic emergencies of the ab-
domen and pelvis are life-threatening
events of increasingly common inci-
dence affecting the vascular, pancre-
aticobiliary, GI, and genitourinary
systems. The radiologist should be able
to quickly and accurately detect these
findings. In patients with known can-
cer on treatment, clinical information
should be integrated into interpretation
to identify potential treatment-related
emergencies.
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Case Report: Pavidapha, Kotecha

New Saccular Abdominal Aortic Aneurysm

Alex Pavidapha, M.D., Hemang Kotecha, D.O.

Department of Radiology, UMass Memorial Medical Center, Worcester, MA

FIGURE 1. Axial CTA image (A) and coronal (B) and sagittal (C) maximum-intensity projection images show a lobular contrast collection protrud-

ing from the suprarenal abdominal aortic lumen (arrows) with periaortic soft-tissue thickening and fat stranding.

Case Presentation

An 88-year-old man who had been
hospitalized 3 months prior for Staph-
ylococcus aureus bacteremia and
presumed urosepsis presented to the
emergency department with acute ab-
dominal pain and acute worsening of
chronic back pain. The patient under-
went CT of the abdomen and pelvis,
followed by a CT angiogram (CTA)
(Figure 1). A CT performed during
a prior hospitalization showed a nor-
mal caliber abdominal aorta (Figure
2). MRI of the lumbar spine during
the hospitalization did not show any
evidence of discitis or osteomyelitis
(Figure 3).

Key Clinical Finding(s)
Worsening back pain
Sepsis

Key Imaging Finding(s)
New saccular abdominal aneurysm
with periaortic fat stranding

Differential Diagnosis
Infectious aneurysm (mycotic aneu-
rysm)
Penetrating atherosclerotic ulcer
Inflammatory aneurysm

Discussion
Abdominal aortic aneurysms are de-
fined by a > 50% focal dilation of the

abdominal aorta or when the abdominal
aortic diameter is > 3 cm.!” Aneurysms
can be further classified into the more
common fusiform subcategory (ac-
counting for 80% of cases), or the rarer
saccular type.? Saccular aneurysms are
focal and have a more lobular configu-
ration with a narrower neck. If a saccu-
lar aneurysm is identified on imaging,
the primary differential diagnoses in-
clude infected aneurysm, inflammatory
aneurysm, and penetrating atheroscle-
rotic ulcer, with or without contained
rupture. The role of imaging is for di-
agnosis and treatment planning. Differ-
entiating a saccular aneurysm from its
fusiform counterpart is imperative since

J Am Osteopath Coll Radiol 2020; Vol. 9, Issue 2
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FIGURE 2. Axial image from contrast-enhanced CT performed 3 months prior shows a normal
caliber abdominal aorta (arrow).

repair is recommended for all saccular
aneurysms regardless of size or sympto-
mology.! Additionally, certain imaging
features such as rapid growth, periaor-
tic soft-tissue stranding, and periaortic
fluid can suggest impending rupture.

Differential Diagnosis
Infected Aneurysm
(Mycotic Aneurysm)

Infected aneurysms most com-
monly involve the aorta, with the most
common causative organisms being
Staphylococcus, Salmonella, and
Streptococcus species.* An infected
aneurysm is defined as infectious dis-
ruption in the wall of an artery with
development of a saccular protrusion
that is contiguous with the lumen of the
artery. Development may be secondary
to infection of a pre-existing intimal de-
fect, hematogenous spread via the vasa
vasorum in a normal or aneurysmal
artery, direct spread from trauma or in-
tervention, or contiguous spread from

adjacent abscess. Clinical presentation
can be widely variable, ranging from
life-threatening hemorrhage to being
clinically occult. Most patients usually
present febrile or septic and with ab-
dominal and back pain.?

CTA is the imaging modality of
choice for evaluating a suspected in-
fected aneurysm, which manifests
as a saccular aneurysm with lobular
contours and periaortic soft-tissue en-
hancement, edema, and stranding.
Periaortic gas and adjacent abscess
may also be present. The appearance
of an infected aneurysm on MRI is
similar to that on CT, with periaortic
high-signal intensity on T2-weighted
imaging (T2WI) and periaortic en-
hancement after administration of
gadolinium-based contrast. Osseous
involvement may be better delineated
with MRI. Ultrasound is not reliable for
diagnosis of infected aneurysms of the
abdominal aorta but is utilized for eval-
uation of peripheral arteries.

FIGURE 3. Parasagittal short-tau inversion
recovery (STIR) image from lumbar spine MRI
performed 3 months prior shows a normal
caliber abdominal aorta with faint periaortic
signal hyperintensity (arrow). No findings indi-
cated vertebral osteomyelitis or discitis.

Inflammatory Aneurysm

Inflammatory abdominal aortic an-
eurysms are a variant of typical ath-
erosclerotic aneurysm and are usually
fusiform. They are characterized by ex-
tensive thickening of the aneurysm wall,
perianeurysmal fibrosis or soft-tissue
thickening, and adherence to adjacent
retroperitoneal structures.’ Inflamma-
tory aortic aneurysms occur in a younger
population of patients than atheroscle-
rotic aneurysms. Patients often present
with abdominal or back pain (80% of
patients), weight loss, and an elevated
erythrocyte sedimentation rate .

On CT, an inflammatory aneurysm
typically presents as a fusiform aneu-
rysm with soft tissue surrounding the
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aorta. The perianeursymal soft tissue
enhances with administration of in-
travenous contrast, and the degree of
enhancement correlates with stage of
disease and treatment response. Early
and active disease will demonstrate
avid enhancement and later stage and
chronic disease will have minimal
enhancement. In later stages of the
disease, there is often inflammatory fi-
brotic retraction of adjacent structures,
including the ureters, which can cause
hydronephrosis. On MRI, T2WI will
exhibit characteristic high-signal inten-
sity in early/active disease and low-sig-
nal intensity in late/chronic disease.
In a similar fashion, postcontrast T1-
weighted imaging (T1WI) will demon-
strate increased enhancement in early/
active disease and relatively low en-
hancement in late/chronic disease.

Penetrating Atherosclerotic Ulcer
Penetrating atherosclerotic ulcers
(PAUs) occur from an ulcerated ath-
erosclerotic plaque that penetrates the
internal elastic lamina.® They are often
associated with varying degrees of in-

tramural hemorrhage and can progress
to intramural hematoma, dissection,
and aortic rupture. PAUs most often
develop in the thoracic aorta in patients
with advanced atherosclerotic disease .

On CTA, PAUSs appear as focal out-
pouching of contrast beyond the ex-
pected margin of the aortic wall in the
region of an atherosclerotic plaque. The
plaque will often be inwardly displaced
and subintimal hematoma may be pres-
ent.® On MRI, mural indentation is sur-
rounded by signal hyperintensity on
T1WI and T2WI, owing to the presence
of blood products.

Diagnosis
Infected (mycotic) aneurysm

Summary

Identifying and differentiating a sac-
cular aneurysm is of great importance
due to the high morbidity and mortality
associated with the differential diag-
noses when not treated appropriately.
Imaging, particularly CTA, is essential
for diagnosis and treatment planning
for patients with a new or enlarging

Case Report: Pavidapha, Kotecha

saccular aneurysm. Imaging findings
in conjunction with clinical presenta-
tion and laboratory values are important
for the differential diagnoses: infected
aneurysm, penetrating atherosclerotic
ulcer, and inflammatory aneurysm.
Thus, an understanding of the patient
presentation, disease process, and imag-
ing features is vital for the radiologist.
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FIGURE 1. Axial chest CT image (A) demonstrates nodular consolidation in the left upper lobe (arrow) and ground-glass opacities in the right upper
lobe (arrowhead). More caudal axial CT image (B) reveals nodular consolidation in the left lower lobe (arrow) with surrounding ground-glass attenua-
tion (halo sign), clustered centrilobular micronodules in the right lower lobe (circle), and a left pleural effusion (arrowheads).

Case Presentation

A 68-year-old man recently under-
went a renal transplantation procedure.
His renal failure was attributed to im-
munosuppressive therapy from a liver
transplant. Shortly after the renal trans-
plant, he developed progressive respi-
ratory distress and sepsis. Because the
patient was immunocompromised, pro-
phylactic therapy was started with an-
tibiotic, antifungal, and antiviral drugs.
Despite therapy, the patient’s cardiopul-
monary status continued to decline. CT
of the chest was obtained to further in-
vestigate (Figure 1).

Differential Diagnosis
Post-transplant lymphoproliferative
disorder
Septic emboli
Pulmonary cryptococcus
Invasive aspergillosis

Discussion

The risk of infectious syndromes
in transplant recipients has tradition-
ally been divided into three major time

periods, each with varying probabilities
of different microorganisms.' These
time periods include the 1st month,
1% through 6™ month, and 6th through
12" month post-transplantation. In the
first month post-transplant, the major
effects of exogenous immunosuppres-
sion are not yet apparent. As a result,
the major causes of infection in the
first month post-transplant are due to
pre-existing infection from the donor
or recipient and infectious complica-
tions from the transplant surgery itself
or hospitalization. Microorganisms in
this group include vancomycin-resis-
tant enterococci, methicillin-resistant
staphylococci, Clostridium difficile, and
hepatitis B and C.2

Patients are most susceptible to the
effects of immunosuppression in the
first through sixth months post-trans-
plant and, therefore, are at the greatest
risk for opportunistic infections such as
Pneumocystis jirovecii, cytomegalovi-
rus, Epstein-Barr virus, and tuberculo-
sis.! Although fungal infections such as
histoplasmosis and cryptococcus most

commonly occur during this period, they
have been cited in the literature as being
relatively uncommon unless the patient
is receiving greater than normal amounts
of immunosuppression, which was the
case in this patient.>#

From 6 to 12 months post-transplant,
most patients have stable and reduced
levels of immunosuppression. In this
period, they are most susceptible to com-
munity-acquired pneumonias due to
respiratory pathogens such as pneumo-
coccus or legionella.!

Similar to other patients with pro-
longed hospitalizations and indwelling
central venous catheters, transplant re-
cipients are susceptible to pulmonary
septic embolism, which may mimic
the aforementioned infectious condi-
tions. Organ transplant recipients are
also susceptible to a large and varied
group of lymphoproliferative diseases
that occur after solid organ or stem cell
transplantation, including lymphoid
hyperplasias and malignancies, which
may appear similar to infectious condi-
tions on CT.
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Post-Transplant Lymphoproliferative
Disorder (PTLD)

PTLD is the second most common
type of malignancy following transplan-
tation and tends to occur at least one
year following transplant.’ Risk factors
include primary Epstein-Barr infection,
cytomegalovirus infection, and trans-
plants from a seropositive donor to a
seronegative donor. PTLD shares im-
aging characteristics of non-Hodgkin
Ilymphoma and similarly has a variable
manifestation depending on the organ
involved. Although the abdomen is most
commonly involved, pulmonary man-
ifestations include pulmonary nodules
and masses with homogenous soft-tis-
sue attenuation on CT. The nodules and
masses can have smooth or irregular
borders. Although not typical of the
condition, cases have demonstrated a
ground-glass halo or central necrosis
involving these lesions, mimicking the
findings of pulmonary aspergillosis and
septic pulmonary embolism.5

Septic Pulmonary Emboli

Pulmonary septic embolism is a con-
dition in which infectious intravascular
particles of thrombus containing micro-
organisms are embolized into the lungs
via the pulmonary arterial system. Em-
boli may originate from many sources,
but classically result from right-sided
infective endocarditis from a mechan-
ical valve or intravenous drug abuse.
Infected deep venous thrombosis and
infected catheters are additional poten-
tial sources. CT findings include multiple
discrete nodules randomly distributed
throughout the lungs that have a propen-
sity to cavitate in various stages of evo-
lution. Although ground-glass halos can
form around the emboli, these are more
typical of gram-negative septic emboli.
Subpleural wedge-shaped consolidations
are also a common feature secondary to
infarction from occlusion of pulmonary
arteries by septic emboli.’

Pulmonary Cryptococcosis
Pulmonary cryptococcosis is a form
of pulmonary fungal infection most

commonly caused by Cryptococcus
neoformans. Typically, the respiratory
tract is the primary route for entry of
the fungal spores occurring via inha-
lation. The infection most commonly
occurs in immunocompromised pa-
tients but has the potential to affect
immunocompetent patients as well.
The clinical presentation can range
from asymptomatic nodular disease to
severe acute respiratory distress syn-
drome. The most common CT findings
are randomly distributed nodular or
mass-like opacities. The opacities in
pulmonary cryptococcus are typically
smooth. In addition, peribronchovas-
cular ground-glass opacities, medias-
tinal lymphadenopathy, and pleural
effusions are common findings. Like
several other entities, the smoothly
marginated opacities can demonstrate
the “halo sign” and create a diagnostic
dilemma.?

Angioinvasive Aspergillosis
Angioinvasive aspergillosis is an in-
fection caused by saprophytic airborne
filamentous fungus Aspergillus spe-
cies, usually Aspergillus fumigatus. It is
the most severe and aggressive form of
aspergillosis. It results from occlusion
of small- to medium-sized pulmonary
arteries by fungal hyphae. The most
important risk factor is severe and pro-
longed neutropenia, almost always oc-
curring in immunosuppressed patients.
It is most commonly seen in graft-vs-
host disease, in patients undergoing
allogenic bone marrow transplantation
and those with end-stage AIDS. CT
findings include multiple pulmonary
nodules and masses. The “halo sign” is
classic for this condition and represents
hemorrhage due to invasion of adjacent
pulmonary vessels. Similar to septic
emboli, peripheral wedge-shaped con-
solidations can be seen and represent
hemorrhagic pulmonary infarction.’

Diagnosis

Pulmonary cryptococcosis

The left upper lobe consolidation was
percutaneously sampled and returned

Case Report: Malhotra, Santos-Nunez

positive for Cryptococcus neoformans.
The patient’s clinical symptoms im-
proved, and imaging findings nearly
completely resolved following antifun-
gal therapy.

Summary

Despite improvements in immuno-
suppressive agents, infection remains
a major barrier to disease-free survival
following solid organ transplantation.'
When a transplant recipient presents
with an infectious syndrome, early and
specific diagnosis and treatment are es-
sential to optimize clinical outcomes.
As cryptococcosis is most often associ-
ated with extrapulmonary findings such
as meningitis, a negative work-up for
these extrapulmonary findings can cre-
ate a diagnostic dilemma for clinicians.
As such, it is important for clinicians
to be aware of the pulmonary findings
of cryptococcosis along with the other
conditions discussed.
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Spontaneous Renal Artery Dissection

A 55-year-old man with a 40 pack-year smoking history presented with acute onset right flank pain. A CT
angiogram of the abdomen and pelvis was obtained following a renal abnormality seen on initial portal ve-
nous phase CT. Axial images of the right renal artery and kidney (Figures A and B) demonstrate a dissection
flap (arrows), which begins approximately 3 cm from the ostium and extends into the inferior, lateral, and
posterior branches. Approximately 20% of the right mid kidney is not perfused (asterisks).

Renal artery dissection is most often secondary to trauma, iatrogenic endovascular injury, or extension of
an aortic dissection. Spontaneous renal artery dissection (SRAD) is described when there is no clear inciting
event and is often associated with underlying arteriopathies, most notably fibromuscular dysplasia.'?* Diagno-
sis of SRAD often proves difficult due to the nonspecific clinical presentation, with flank pain and hematuria
mimicking renal colic. The findings of SRAD are often imperceptible on ultrasound, the common first line
imaging modality to evaluate such symptoms.> While angiography is considered the gold standard examina-
tion, CT or MR angiography remain the mainstay for noninvasive modalities to reliably establish timely and
accurate diagnoses.'”?

Treatment of SRAD is dependent on several factors including extent of the vascular injury, stability of the
dissection, and the patient’s baseline and current renal function.> Goals of therapy are to preserve renal func-
tion and to treat renovascular hypertension. Treatment options include observation and medical management
(antiplatelet, anticoagulation, and antihypertensive medications), endovascular stenting or coiling, surgical
revascularization, and complete nephrectomy in severely damaged kidneys.?
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Distal Intestinal Obstruction Syndrome (DIOS)

A 35-year-old man presented to the emergency department with acute abdominal pain and he underwent in-
travenous contrast-enhanced CT of the abdomen and pelvis. Coronal CT image (Figure A) demonstrated an
abrupt caliber transition (arrow) with dilated proximal small bowel containing bubbly fecalized material. Axial
CT image (Figure B) at the level of the pancreas revealed complete fatty replacement and enlargment of the
pancreas (arrow).

Cystic fibrosis is a relatively common inherited disease affecting multiple organ systems with increased thick-
ness of mucous/secretions. The lungs, pancreas, and gastrointestinal (GI) tract are more commonly affected. !
As treatments of pulmonary manifestations continually improve, familiarity with extrapulmonary adult mani-
festations is gaining importance with imagers.!? A wide array of GI tract pathology has been described in cystic
fibrosis patients including gastroesophageal reflux, DIOS, and constipation.

In the cystic fibrosis patient population, DIOS occurs in up to 15% of the these patients.! It is characterized by
the buildup of a mixture of viscous mucous and feculent material within the terminal ileum and/or right colon,
leading to a bowel obstruction.'? In cystic fibrosis patients, DIOS has been shown to more commonly occur in
patients with pancreatic insufficiency, prior DIOS, a history of a meconium ileus episode, and dehydration.!?
Fatty replacement of the pancreas, as demonstrated in this case, is also commonly seen in cystic fibrosis and, al-
though not specific, can be a tip-off to the interpreting radiologist to the presence of the disease.!

Imaging findings in DIOS include the findings of a small bowel obstruction including dilated loops of bowel
proximal to the obstruction. At the transition point, there is a mass-like intraluminal soft-tissue density (repre-
senting the viscous secretions and fecal material) with internal gas bubbles. The images should also be critiqued
for complications regarding the bowel obstruction, including perforation. Water-soluble contrast enema may be
both diagnostic and therapeutic. Other treatment options include rehydration and stool softeners, with surgery
reserved for complicated cases and/or cases that fail conservative treatment.'
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Calcific Tendinitis of the Longus Colli Muscle

A 50-year-old man presented with acute neck pain and limited range of motion. Axial (Figure A) and sagittal
(Figure B) images from contrast-enhanced CT demonstrate an amorphous calcification in the prevertebral soft
tissues at the level of the odontoid process (yellow arrows). A fusiform fluid collection measuring < 30 Houn-
sfield units smoothly enlarges the retropharyngeal space (red arrows) without rim enhancement or enhancing
nodular component.

Calcific tendinitis of the longus colli muscle (also known as retropharyngeal tendinitis), is an acute inflam-
matory response to calcium hydroxyapatite crystal deposition in the longus colli muscle tendons.! Almost all
patients present with neck pain and nearly half have swelling, limited range of motion, and odynophagia. Other
frequent clinical findings may include low-grade fever and mildly elevated inflammatory markers.'?

CT is the gold standard for diagnosis as it is most sensitive for detecting calcifications associated with this
inflammatory process. These calcifications are typically within the prevertebral space at the C1-C2 level but can
occur anywhere between C1-T3. Identifying calcification within this classic location is an important diagnos-
tic feature to distinguish it from a potentially life-threatening retropharyngeal abscess, which presents as a rim-
enhancing fluid collection, suppurative retropharyngeal adenopathy, and mass effect. The differential diagnosis
also includes trauma, tumor, disc herniation, and epidural abscess.

Calcific tendinitis of the longus colli muscle is a self-limited process that resolves in 1 to 2 weeks and is
treated conservatively with supportive care, NSAIDS, and corticosteroids.'? No follow-up imaging is necessary.
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