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Preface

One of the central principles of patient management is that one should only
request studies, whether laboratory tests or imaging examinations, on patients
when there is reason to believe that the result will affect patient management.
While this may appear as a near truism, it is surprising how often this tenet is
not followed. The most common reason that unindicted studies are requested is
that the patient wants a test of some sort and the clinician for social, political,
economic, and medico-legal reasons feels obligated to oblige. This type of
expenditure, though typically wasteful and at times dangerous to the patient,
will continue to one degree or another as long as there are doctors and patients.
This book will not address this issue other than to advise that under these cir-
cumstances clinicians choose the least invasive, dangerous, and costly examina-
tion that will suffice.

Instead, the goal of this handbook is to provide best practice guidelines for
patients whose management depends on a clinical question that is best approached
through imaging. While on the surface the appropriate test to obtain may seem
obvious, in this day of a constantly growing and ever enlarging armamentarium of
imaging procedures, choosing the correct test at times can be difficult. Compound
this with the fact that all imaging procedures are not available at all times or at all
institutions or even to all patients because of individual or idiosyncratic contrain-
dications. Thus, imaging management can become a maze. We hope to provide a
guide through this maze, indicating first- and second-line imaging examinations
for clinicians to use in their daily practice.

Our approach will be by organ system or rather body part with the exception of
guidance through issues of intervention. Here, we will devote a chapter to interven-
tional radiology procedures from head to toe. Otherwise, we intend to provide a
history-based guide to the neurological, pulmonary, cardiac, breast, gastrointestinal,
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genitourinary, and musculoskeletal organ systems. Unlike other books on this topic,
we do not presume a known diagnosis but instead will offer guidance based on the
clinical history, laboratory values, and physical findings as to the most efficacious
imaging tests to make the correct diagnosis or evaluation of current therapy.

Philadelphia, PA, USA William R. Reinus, MD, MBA, FACR
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Chapter 1
Imaging Modalities and Contrast Agents

Stephen E. Ling and Pallav N. Shah

Introduction

This chapter discusses the spectrum of available imaging studies employed in
routine diagnostic imaging. Many of the associated advantages, deficiencies, con-
cepts, and applications covered here can guide referring clinicians in selection of
the appropriate imaging modality across organ systems, i.e., neurologic, cardio-
thoracic, gastrointestinal, genitourinary, vascular, and musculoskeletal (MSK).
Regardless of the organ system, the choice of the appropriate study depends on
multiple factors, including the clinical question to be addressed, the availability
and accuracy of the imaging modality, study contraindications, risks of the imag-
ing examination including those from contrast agent administration, and financial
cost. Some very brief data regarding the Medicare reimbursements for several
commonly ordered imaging examinations is also provided at the end of the
chapter (Table 1.1).

It is important for clinicians to understand how contrast agents apply to imaging.
Basic familiarity with common indications, significant contraindications and poten-
tial complications of contrast media use are essential for optimal patient care. We
discuss the indications, contraindications, and risks of contrast agents that are rou-
tinely used in clinical practice today. This knowledge may be reinforced, and at
times supplemented by radiologists in their role as consultants who are part of the
medical team charged with quality diagnostic imaging management.

S.E. Ling, M.D. (1)

Department of Radiology, Temple University Hospital, 3401 N. Broad Street,
Philadelphia, PA 19140, USA

e-mail: Stephen.Ling@tuhs.temple.edu
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Table 1.1 2012 Medicare Imaging modality Reimbursement ($)?
reimbursement for various
. . i CR 35
imaging modalities
Skeletal survey 75
US limited (mass) 45
US complete (tendons, muscles, etc.) 130
CT (w/o, w/) 245-300
BS 275
BS (3 phase) 315
Labeled WBC study 375
MRI (w/o, w/ and w/0) 430-675
PET/CT 1,225

22012 Medicare fee schedule: combined professional and
technical fees (global fee)

Imaging Modalities
Overview

The most commonly used imaging technologies include conventional radiography
(CR), computed tomography (CT), ultrasound (US), magnetic resonance imaging
(MRI), and a variety of nuclear medicine studies (NM), each with a specific purpose
(Table 1.2). While CR is typically a starting point for most evaluations in the chest,
abdomen, and MSK system, this is not always the case. For example, soft tissue
pathology generally is better evaluated by more advanced techniques, particularly
MRI, US, and at times CT.

Conventional Radiography

Radiographs serve as the starting point in the imaging diagnosis of many categories
of suspected pathology, e.g., pneumonia and congestive heart failure in the chest,
small bowel obstruction and suspected free intraperitoneal air in the abdomen and
especially for trauma, osteomyelitis, focal mass lesions, and arthropathies in the
MSK system. Plain radiographs are inexpensive, widely available, and rapidly
obtainable, even at the bedside if necessary. Disadvantages of radiographs include
ionizing radiation and low contrast resolution making them unable to visualize most
soft tissue abnormalities.

Ultrasound

US is less expensive than CT, MRI, and NM. In addition, it does not expose the
patient to ionizing radiation, an important consideration particularly in children and
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Table 1.2 Common diagnostic imaging modalities

Imaging modality

Advantages

Disadvantages and limitations

Conventional
radiography
(CR)

Ultrasound (US)

Computed
tomography
(Ch

Magnetic resonance
imaging (MRI)

Nuclear medicine
(NM)
Bone scintigraphy
(BS)

Labeled leukocyte
study (WBC)

Very inexpensive
Universally available
Quickly obtained

Relative low cost
(vs. CT, MRI, NM)
No ionizing radiation

Real time imaging

Provocative patient
maneuvers

Guidance for numerous
procedures

Very wide availability

Rapid image acquisition

Largely “turnkey” and
operator-independent

Guidance for numerous
procedures

Excellent assessment

of cortical bone (including

erosion and destruction
by tumor, infection, or
inflammatory arthritis)
No ionizing radiation
Outstanding soft tissue
contrast resolution
Superb bone marrow
evaluation

Less expensive than MRI

Very large field of view
(whole body assessment
routinely performed)

Allows evaluation for
multifocal disease

Low resolution

Sensitivity high

Negative predictive
value (NPV) high

Ionizing radiation

Low contrast resolution

Limited evaluation of soft tissues

Projectional superimposition (2-D
representation of 3-D anatomy
and pathology)

Operator-dependent

Limited availability of well-trained,
experienced MSK sonographers

Narrow field of view

Targeted, focused exam lacking the
anatomic overview of other
modalities

Ionizing radiation

Potential adverse reactions if IV
contrast needed

Insensitive for bone marrow
abnormalities

Expensive
Comparative less availability

Numerous contraindications

Long imaging time, claustrophobia

Nephrogenic systemic fibrosis (NSF)
risk from gadolinium-based contrast
agents (GBCAs)

Relatively limited assessment of cortical
bone (vs. CT)

Ionizing radiation

Specificity limited (recently improved
by adding CT)

Relatively limited in precise anatomic
localization of pathology (better with
SPECT, recent improvement with CT)

Long study length (especially labeled
WBC: imaging performed 24, 24,
and possibly also 48 h postinjection)

(continued)
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Table 1.2 (continued)

Imaging modality Advantages Disadvantages and limitations
Nuclear medicine Very large field of view Ionizing radiation
(NM) (whole body assessment
FDG-PET routinely performed)
Allows evaluation for Limited availability
multifocal disease
Sensitivity high High cost
Negative predictive Insurance reimbursement roadblocks
value (NPV) high Comparatively limited in precise

anatomic localization of pathology
(recently improved by addition of CT to
create hybrid PET (PET/CT))

pregnant women. In appropriate well-trained, experienced hands, sonography
excels in a number of applications. One of its main strengths is the ability to distin-
guish cystic from solid lesions. In addition, application of Doppler US enables visu-
alization of a lesion’s vascularity. US permits real time imaging, which allows for
provocative maneuvers to detect pathology that is not well shown on static imaging
studies. Examples of provocative maneuvers using dynamic real time US include
compression of the gallbladder (sonographic Murphy sign) in evaluation of chole-
cystitis, elbow flexion to elicit ulnar nerve subluxation from the cubital tunnel, hip
flexion to show snapping of the iliopsoas tendon in the groin, or compression of
vessels to augment flow and show the absence of thrombus. US can also be used to
guide interventional procedures including biopsy, e.g., liver or mass biopsy, and
therapy such as injection of tendon sheaths, joints, bursae, and peritendinous soft
tissues, e.g., the common extensor tendon origin at the lateral epicondyle of the
elbow (tennis elbow).

US is operator-dependent. This means that specifically trained imagers are
needed for this type of examination. US transducers have a narrow field of view, and
so with today’s scanning methods, it is possible to overlook pathology. Accordingly,
US tends to be most successful when used to answer a specific clinical question
with a focused examination of a limited anatomic region. Despite these limitations,
the role of US continues to expand, especially the use of ultrasound-guided
procedures.

Computed Tomography

CT technology has improved vastly since its introduction. It is now possible to image
any part of the body with high spatial and moderate contrast resolution. Similar to
CR, CT is readily and near universally available, even in rural locations, “after
hours” and on weekends when other modalities are not available. As a result, CT has
become the workhorse of diagnostic imaging. With newer scanners, it is possible to
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image large tissue volumes rapidly and if necessary repeatedly. This means that CT
scans, either without or with the use of oral and/or intravenous contrast, can be con-
figured to answer many clinical questions in every organ system. In fact, CT angiog-
raphy has largely replaced conventional angiography for routine diagnosis.

When MRI is contraindicated or unavailable, CT often serves as a backup exami-
nation. In these cases, it is important to understand the differences in sensitivity and
specificity between the two modalities for the clinical question being addressed. CT
has better spatial resolution than MRI and is more sensitive at identifying calcium,
but it has much lower contrast resolution compared with MRI, making its differen-
tiation of structures poor in some parts of the body. These differences determine the
value of attempting a CT as an alternative to MRI. This information will be covered
further in the chapters on imaging of specific organ systems.

The main disadvantage of CT is its use of ionizing radiation. CT gives a higher
dose of radiation to the patient than routine CR. Several studies have suggested that
liberal use of CT will increase the incidence of neoplasms years on. In fact, today,
dose levels with each scan are reported and recorded. So, while CT is an excellent
diagnostic tool, the danger of high accumulated doses of radiation with this modality
should temper its use. This is particularly true in the pediatric population where US
should be employed whenever possible to avoid the radiation exposure from CT.

Magnetic Resonance Imaging

Although comparatively expensive, MRI is a commonly performed examination,
particularly in neurologic, MSK, and to some extent cardiothoracic and abdominal
disease. MRI has superior contrast resolution to other modalities and so is able to
depict soft tissue structures that cannot be resolved by other imaging techniques.

As with CT, contrast agents are available for MR. These agents, primarily
gadolinium-based, behave similarly to the iodinated contrast agents used for CT and
fluoroscopic imaging. They have specific indications that will be discussed in each
organ system chapter as appropriate. Other contrast agents are becoming available
for specific use, for example, iron-based agents for the liver that are designed spe-
cifically for uptake by Kupffer cells. These are not yet widely available and have
issues with toxicity.

MRI can accommodate a larger field of view than US, but it is important to
understand that as the field of view increases, spatial resolution suffers. Spatial reso-
lution is limited with MRI, and so the larger the field of view, the coarser the image
detail obtained. In general, if a large area of the body needs to be imaged, or if there
is suspicion for multifocal disease that requires imaging more than one anatomic
location, nuclear imaging should be strongly considered in place of MRI. These
scans, though often nonspecific, can include nearly the entire body in their field of
view, something that is impractical with MRI. On the other hand, in some circum-
stances wide field of view MRI is useful, for example when surveying the skeleton
for multiple myeloma.
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Table 1.3 Study contrast media utilization® and contraindications in MRI/CT

Imagin
mod%ilitgy Indications (dosing route) Contraindications (CI): absolute (A), relative (R)
MRI Paraspinal, epidural Endocranial vascular clips (some) (A)
abscess (IV)
Soft tissue abscess (IV) Intra-aortic balloon pump (A)
Intraosseous abscess (IV) LVAD, RVAD (A)
Bone sequestrum (IV) Pulmonary artery catheter (A)
Suspected early RA (IV) Cardiac pacemaker (R)
Synovitis, tenosynovitis (IV) Implantable cardiovertor-defibrillator (R)
Myositis (IV) Capsule endoscopy device-Pillcam (A)
Soft tissue mass (IV) Hemostatic vascular clips (some) (A)
Cochlear implants (R)
Soft tissue necrosis, Eye metallic foreign body (R)
myonecrosis (IV)
Osteonecrosis (IV) Insulin pump (R)
Direct MR arthrography GFR <15 mL/min (R)
(IArt)
Indirect MR arthrography ESRD on chronic dialysis (R)
Iv)
Vascular enhancement (IV) GBCA use during pregnancy (R)
CT Paraspinal, epidural Previous severe adverse reaction (e.g., profound

abscess (IV)

Soft tissue abscess (IV)
Soft tissue mass (IV)

Soft tissue necrosis,
myonecrosis (IV)
CT arthrography (IAart)
Vascular enhancement

(IV and IA)

vasovagal reaction, seizure, moderate and
severe bronchospasm, laryngeal edema,
severe hypotension, sudden cardiac arrest,
cardiopulmonary complete collapse, and
organ and system-specific adverse events)

Acute kidney injury (AKI)

Oliguric dialysis patient (e.g., not ESRD anuric
dialysis patient)

*Contrast agents: MRI gadolinium-based contrast agent (GBCA), CT iodinated contrast media;
Administration: IV intravenous, /A intra-arterial, IArt intra-articular

There are a number of relative and absolute contraindications to the use of MRI.

Because MRI uses strong magnetic fields, it can be dangerous to put patients with
ferromagnetic devices and implants into a scanner (Table 1.3). First, depending on
the device, its location in the body, and the duration that it’s been implanted, the
magnetic field may cause it to torque or dislodge. Second, depending on the con-
figuration of the implanted device, the MR unit may cause it to generate microwaves
and local tissue heating. Finally, the MR unit’s magnetic field can trigger some
pacemakers to go into test mode.

The list of contraindicated materials is a fluid one and a constant work in prog-
ress, with new additions (and removals) being made on a frequent basis. Many
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newer devices and implants are specifically designed to be MR compatible.
Manufacturers usually provide patients with MR compatibility documentation to
carry with them. Resources on the web, e.g., www.mrisafety.com maintain online
up-to-date databases on the MR safety of medical devices. In order to use these,
however, the patient must be able to provide relevant information regarding their
device such as the manufacturer, model number, and date of manufacture. Finally,
many radiologists experienced with MRI can help determine which types of devices
are MR compatible.

Nuclear Medicine

NM studies had been designed to evaluate specific problems in every organ system
whether the endocrine, e.g., thyroid scans, the MSK system, bone scans for osseous
metastases or in the GI system, GI bleeding studies, and HIDA scans for gallbladder
disease. Most nuclear medicine scans, though nonspecific, have the advantage of
being comparatively sensitive and of providing physiologic information regarding
target pathology. Furthermore, the recent addition of positron emission scanning
(PET) alone and in combination with CT (PET/CT) has moved nuclear medicine
into the fore of soft tissue tumor diagnosis and staging. This technique allows subtle
areas of tumor to be discovered, diagnosed, staged, and so appropriately treated.
PET/CT also has provided new tools for assessment of tissue viability, particularly
in cardiac applications.

Contrast Media

Overview

Over the years, various types of contrast media have been used in attempts to
improve the quality of imaging. These have provided significant additive value to
the imaging modalities where they have been utilized. As a result, today contrast
media are used on a routine, daily basis, especially iodinated contrast media for CT
and radiography and gadolinium-based contrast agents (GBCAs) with MRIL

The majority of indications for use of intravenous (IV) contrast agents, regard-
less of whether it is iodinated contrast media or a GBCA, involve use of cross-
sectional imaging for infectious, inflammatory, ischemic, and neoplastic pathology.
For example, IV contrast material aids in the detection and delineation of fluid
collections, regardless of their anatomic location. It also facilitates assessment of
osseous and soft tissue viability, e.g., showing areas of necrosis in soft tissue and
bone neoplasms and bony sequestra in chronic osteomyelitis. Inflammatory pro-
cesses such as a variety of types of myositis, tenosynovitis, and synovitis are also
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typically better evaluated with IV contrast media. In addition, both iodinated and
gadolinium (Gd)-based contrast agents very frequently enable determination of
whether a soft tissue mass is cystic or solid in nature. The indications for utilization
of IV contrast media are given in Table 1.3.

Contrast is also used intra-arterially (IA) for direct evaluation of the vessels. This
is usually done with a catheter placed selectively into the vessel to be imaged. For
unknown reasons, allergic contrast reactions to IA injected media are much less
common than for IV injected contrast. Even so, because of the greater morbidity of
direct contrast arteriography and the sophistication of current CT technology, IV
contrast and CTA are more commonly used today.

Contrast media is commonly used intra-articularly as well, allowing the radiolo-
gist to actively distend the joint and thereby improve separation of intracapsular
structures and enhance image resolution (Table 1.3). Intra-articular contrast injec-
tion is much more commonly performed with GBCA and MRI than iodinated con-
trast and CT, because of the inherent superiority of MRI in soft tissue contrast
resolution. Regardless, as with IA injections, allergic reactions with intra-articular
contrast are rare.

Contrast is also used intrathecally for myelography. Since the advent of MRI, the
indications for myelogram have fallen markedly, but they are still performed in
patients where there is a contraindication to MRI or there is adjacent metallic hard-
ware that will induce obscuring MRI artifact.

Contrast agents are not without risk. Adverse side effects from the utilization of
contrast media vary from relatively common, minor physiological disturbances that
are almost always self-limited to rare, severe life-threatening anaphylactic reac-
tions. In addition, iodinated contrast agents are nephrotoxic and are contraindicated
in patients with renal failure as they may worsen renal function precipitously.
GBCA are associated with nephrogenic systemic fibrosis (NSF) in patient with poor
renal function. Therefore, prior to giving a patient contrast, their renal status should
be assessed. Risks of a reaction should be considered when making decisions
regarding patient management [1].

Preceding the actual imaging of a patient, the radiologist in conjunction with the
ordering physician should address a few preliminary considerations for any given
patient. Specifically, the radiologist in particular should make best efforts to deter-
mine if there is an appropriate indication for the requested study, identify relative
contraindications and pertinent risk factors that may increase the likelihood of an
adverse reaction to contrast administration, and possess sufficient knowledge of
alternative imaging modalities [1].

Risk Factors Associated with lodinated Contrast Media

Risk factors for adverse reactions to IV iodinated contrast material include prior
reaction, known allergy (history of prior allergic-type reaction particularly if
moderate to severe in degree), asthma, renal insufficiency, and cardiovascular
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disease (if the patient has congestive heart failure symptoms or angina, severe aortic
stenosis, severe cardiomyopathy, or primary pulmonary hypertension) [1]. There
are a number of miscellaneous risk factors. One of these is multiple myeloma,
which is known to cause irreversible renal failure from renal tubular protein precipi-
tation and aggregation when high-osmolality contrast media (HOCM) is used in
these patients. Other potential miscellaneous risk factors include f-adrenergic
blockers, which are associated with more frequent and more severe adverse events,
and pheochromocytoma, where an increase in serum catecholamine levels may be
seen after IV injection of HOCM resulting in a hypertensive crisis [1].

Premedication

Patients who are known to be at higher risk for an acute allergic-type contrast reac-
tion and for whom a scan is needed should be considered for premedication prior to
a scan. Many adverse reactions are associated with direct release of histamine and
other mediators from circulating basophils and eosinophils [1]. Studies have shown
that IV steroids suppress whole blood histamine and show a reduction in circulating
basophils and eosinophils [2].

This observation provides a scientific basis for the use of IV steroids in “at risk”
patients during emergency situations. Corticosteroids have been shown to have a
prophylactic effect for adverse reactions to contrast media in certain circumstances.
Some corticosteroid preventative effect may be obtained as soon as 1 h after IV
injection of corticosteroids, but experimental data support a much better prophylac-
tic effect if the examination is not performed until at least 4-6 h after giving pre-
medication [3-5]. No clinical studies have demonstrated unequivocally prevention
of contrast reactions using short-term IV corticosteroid premedication. If the time
frame available for utilizing corticosteroids is too short and the risks of a major
reaction judged to be small, some physicians will forgo them and administer only an
antihistamine before contrast use [4].

Whether in the emergent or elective setting, it is most important to target pre-
medication to those who, in the past, have had moderately severe or severe reactions
that required treatment. Unfortunately, studies thus far have shown that the majority
of patients who benefit from premedication are those who have had minor contrast
reactions that typically require no or minimal medical intervention [5]. To date,
randomized controlled clinical trials have not demonstrated premedication protec-
tion against severe life-threatening adverse reactions [3, 6, 7].

Oral administration of steroids is preferable to IV administration, and prednisone
and methylprednisolone are equally effective. Regardless of the route of corticoste-
roid administration, ideally the steroids should be given at least 6 h prior to the
injection of contrast media. It is unclear if steroid administration within 3 h of
contrast media administration reduces adverse reactions. Some recommended and
commonly used dosing schedules for premedication in either the elective or
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Elective Premedication

Two frequently used regiments are:
1. Prednisone — 50 mg by mouth at 13 hours, 7 hours, and 1 hour before contrast media injection, plus

Diphenhydramine (Benadryl®) — 50 mg intravenously, intramuscularly, or by mouth 1 hour before
contrast medium.

or

2. Methylprednisolone (Medrol®) — 32 mg by mouth 12 hours and 2 hours before contrast media
injection. An anti-histamine (as in option 1) can also be added to this regimen injection.

If the patient is unable to take oral medication, 200 mg of hydrocortisone intravenously may be
substituted for oral prednisone in the Greenberger protocol.

Emergency Premedication
(In Decreasing Order of Desirability)

1. Methylpredniolone sodium succinate (Solu-Medrol®) 40 mg or hydrocortisone sodium succinate
(Solu-Cortef®) 200 mg intravenously every 4 hours (q4h) until contrast study required plus
diphenhydramine 50 mg IV 1 hour prior to contrast injection.

2. Dexamethasone sodium sulfate (Decadron®) 7.5 mg or betamethasone 6.0 mg intravenously q4h
until contrast study must be done in patent with known allergy to methylpred-nisolone, aspirin, or
non-steroidal anti-inflammatory drugs, especially if asthmatic. Also diphenhydramine 50 mg IV 1
hour prior to contrast injection.

3. Omit steroids entirely and give diphenhydramine 50 mg IV.

Note: IV steroids have not been shown to be effective when administered less than 4 to 6 hours prior
to contrast injection.

Fig. 1.1 Recommended premedication regimens to reduce frequency and/or severity of reactions
to iodinated contrast media (From: [1] Manual on Contrast Media, Version 8. Reston, VA:
American College of Radiology; 2012)

emergent setting are included below (Fig. 1.1) [1]. Further, oral or intravenous
administration of an H-1 antihistamine, e.g., diphenhydramine, either alone or as a
supplement to corticosteroids may reduce the frequency of urticaria, angioedema,
and respiratory symptoms [1].

Breakthrough Reactions

Repeat contrast reactions in premedicated patients are termed breakthrough reac-
tions. Breakthrough reactions most often are similar to the index reaction. Patients
with a previous mild contrast reaction have an extremely low risk of developing a
severe breakthrough reaction. The majority of low-osmolality contrast material
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(LOCM) injections in premedicated patients who had prior breakthrough reactions
will not result in a repeat breakthrough reaction [8, 9]. On the other hand, although
there is a decrease in the overall adverse events after steroid premedication prior to
contrast injection, studies have shown no decrease in the incidence of repeat severe
adverse events [10].

Adverse Events Following lodinated Contrast
Media Administration

The frequency of adverse events after administration of iodinated contrast media
can be decreased by utilization of nonionic LOCM [11-13]. Several studies have
reported overall adverse reaction rates or allergic-like reaction rates ranging from
0.18 to 0.7 % [1]. HOCM use historically has been associated with a much higher
rate of acute adverse reactions of 5-15 % [1], but HOCM is not used commonly
anymore.

Acute adverse events after iodinated contrast media use can be subdivided into
several categories, allergic-like or physiologic, and these are classified further as
mild, moderate, or severe (Fig. 1.2) [1]. Other reactions are organ or system-specific
reactions (Fig. 1.3) [1].

Allergic-like reactions are clinically identical to an anaphylactic reaction to any
other drug or allergen [12—-14]. Physiologic reactions include commonly occurring
but usually mild and self-limited vasovagal reactions like hypotension with brady-
cardia [13], as well as rare cardiovascular events such as arrhythmias, impaired
myocardial contractility [13—15], and both cardiogenic and noncardiogenic pulmo-
nary edema [16].

Mild adverse reactions are frequently nonallergic-like physiologic responses
(e.g., nausea, vomiting, and a feeling of warmth). Whether allergic-like or
nonallergic-like, these mild effects usually do not require medical treatment, but
they do have the potential to evolve into a more severe reaction and so must be
monitored [1]. Moderate adverse events may also be allergic-like, e.g., severe urti-
caria/erythema, bronchospasm, moderate tongue/facial swelling, transient hypoten-
sion with tachycardia, or nonallergic-like, e.g., significant vasovagal reaction. In
most instances, these adverse reactions are not immediately life-threatening.
Nonetheless, they often require medical treatment. As with mild adverse reactions,
events in the moderate group have the potential to worsen, in the latter case resulting
in significant morbidity or even mortality [1]. Severe adverse events are usually
allergic-like, but also may be physiologic. Acute adverse advents that fall under the
category of serious reactions occur in only 0.01-0.02 % of imaging studies where
LOCM is used [17]. Although these allergic reactions are quite rare, they may be
life-threatening, and the majority of patients require treatment. Severe reactions
include altered mental status, respiratory distress due to severe bronchospasm or
laryngeal edema, severe hypotension, and sudden cardiac arrest. Complete
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Categories of Reactions

Classification of Severity and Manifestations of Adverse Reactions to Contrast Media
Mild
Signs and symptoms appear self-limited without evidence of progression (e.g., limited urticaria with mild
pruritis, transient nausea, one episode of emesis) and include:

o Nausea, vomiting o Altered taste e Sweats

e Cough e Itching ® Rash, hives

e Warmth e Pallor © Nasal stuffiness

e Headache o Flushing * Swelling: eyes, face
o Dizziness o Chills * Anxiety

o Shaking

Treatment: Requires observation to confirm resolution and/or lack of progression but usually no treatment.
Patient reassurance is usually helpful.

Moderate

Signs and symptoms are more pronounced. Moderate degree of clinically evident focal or systemic signs
or symptoms, including:

e Tachycardia/bradycardia e Bronchospasm, wheezing
e Hypertension e Laryngeal edema

o Generalized or diffues erythema e Mild hypotension

e Dyspnea

Treatment: Clinical findings in moderate reactions frequently require prompt treatment. These situtaions
require close, careful observation for possible progression to a life-threatening event.

Severe
Signs and symptoms are often life-threatening, including:

e Laryngeal edema (severe or rapdidly progressing) e Convulsions
e Profound hypotension e Unresponsiveness
e Clinically manifest arrhythmias e Cardiopulmonary arrest

Treatment: Requires prompt recognition and aggressive treatment, manifestations and treatment frequently
require hospitalization.

Note: The above classifications (mild, moderate, severe) do not attempts to distiguish between allergic-like
and non-allergic like reactions. Rather, they encompass the specrum of adverse events that can be seen
following the intravascular injection of contast media.

Fig. 1.2 Categories of reactions to contrast media administration (From: [1] Manual on Contrast
Media, Version 8. Reston, VA: American College of Radiology; 2012)

cardiopulmonary collapse is extremely rare. Less frequent than their allergic-like
counterparts, severe nonallergic-like adverse events are also possible and usually
necessitate medical management other than epinephrine. These include prominent
vasovagal reactions, pulmonary edema, and seizures [1].
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Organ and System-Specific Adverse Effects from the Administration of
lodine-Based or Gadolinium-Based Contrast Agents

Individual organs can manifest isolated adverse effects caused by the administration of contrast media.

Adrenal Glands
Hypertension (in patients with pheochromocy-
toma after intra-arterial injection)

Brain
Headache
Confusion
Dizziness
Seizure
Rigors
Lost or diminished consciousness
Lost or diminished vision

Gastrointestinal Tract
Nausea
Vomiting
Diarrhea
Intestinal cramping

Heart
Hypotension
Dysrhythmia (asystole, ventricular fibrillation/
ventricular tachycardia)
Pulseless electrical activity (PEA)
Acute congestive heart failure

Kidney
Oliguria
Hypertension
Contrast-induced nephropathy (CIN)

Pancreas
Swelling / pancreatitis

Respiratory System
Laryngeal edema
Bronchospasm
Pulmonary edema

Salivary Glands
Swelling / parotitis

Skin and Soft Tissues
Pain
Edema
Flushing
Erythema
Urticaria
Pruritus
Compartment syndrome (from extravasation)
Nephrogenic Systemic Fibrosis (NSF)

Thyroid
Exacerbation of thyrotoxicosis

Vascular System
Hemorrhage (due to direct vascular trauma from
contrast injection or from the reduction in
clotting ability

Thrombophlebitis

Fig. 1.3 Organ and system-specific adverse events after administration of iodine-based or
gadolinium-based contrast media (From: [1] Manual on Contrast Media, Version 8. Reston, VA:
American College of Radiology; 2012)

Organ and system-specific adverse reactions refer to adverse effects on a more
isolated basis. Neurologic, cardiovascular, and renal abnormalities account for the
majority of the adverse events in this group. Contrast-induced nephrotoxicity (CIN)
is the most significant organ-specific adverse effect and is discussed in more detail
below [1].

Risk factors for acute adverse events following contrast administration can be
identified for allergic-like reactions. Prior allergic-like reaction is the biggest risk
factor [11, 12], with a reported incidence of recurrent adverse event as high as 35 %
[18]. Patients with asthma or a history of atopia also are at increased risk for adverse
reaction, although the risk is not as high as in those with history of prior allergic-like
event [13-15].
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Non-Acute, Delayed Adverse Reactions

Nearly all life-threatening iodinated contrast media reactions occur immediately or
within the first 20 min after contrast media injection [1]. Notwithstanding, non-
acute adverse reactions to iodinated contrast media may arise between 3 h and 2
days, but have been seen as early as 30 min or as late as 7 days after contrast admin-
istration [18, 19]. These delayed adverse events may be allergic-like or nonallergic-
like, but they are most commonly allergic-like and cutaneous in nature, presenting
as urticaria and/or a persistent rash. The incidence of these events is not rare with
reports ranging from 0.5 to 14 % [19, 20]. Most cases are self-limited and require
minimal if any treatment other than symptomatic support [1]. Severe delayed
adverse events are extraordinarily rare but may occur. The recurrence rate of delayed
contrast reactions upon reexposure to contrast material is not known, but anecdot-
ally may be higher than 25 % [21]. It is not clear if corticosteroid premedication is
indicated before a subsequent contrast-enhanced study in patients with a history of
delayed allergic-like contrast reaction [1].

Contrast-Induced Nephrotoxicity

CIN is a sudden deterioration in renal function after recent intravascular administration
of iodinated contrast medium in the absence of another nephrotoxic event [22]. CIN is
either exceedingly rare or does not occur with use of GBCAs [1]. The pathophysiology
of CIN and associated acute kidney injury is not well understood. Fortunately, CIN
usually follows a course of transient asymptomatic elevation in serum creatinine,
beginning to rise within 1 day, peaking within 4 days, and typically returning to
baseline within 7-10 days. Chronic renal dysfunction is unusual unless other risk
factors are present [1].

The most unequivocal, clear risk of developing CIN is preexisting renal insuffi-
ciency [23]. Numerous other proposed risk factors, including diabetes mellitus,
hypertension, and multiple doses of iodinated contrast over a short time period (e.g.,
<24 h), have not been convincingly confirmed in the literature. Numerous papers
have found the incidence of CIN is less with IV than IA iodinated contrast media.

At the present time, the practice guideline of the American College of Radiology
(ACR) for the use of IV iodinated contrast material with regard to the potential risk
of CIN is that there is insufficient data to set a specific recommended threshold level
for serum creatinine above which iodinated contrast should not be given. Most insti-
tutions withhold contrast when the creatinine is greater than or equal to 2.0 mg/dL
[1]. Many use lower levels as the cut off.

Patients older than age 60, those with hypertension, diabetes mellitus, and known
renal risk factors, including a history of a single kidney, renal transplant, kidney
surgery, renal cancer, and dialysis, should be routinely screened with a serum creati-
nine level before receiving iodinated contrast [24, 25]. Use of less nephrotoxic
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LOCM [26] and adequate patient hydration prior to the study [27] are standard
practices in an attempt to limit the possibility of CIN. Several pharmacological
agents, including IV sodium bicarbonate, N-acetylcysteine, diuretics, theophylline,
and fenoldopam, thus far have been unconvincing as far as their efficacy with regard
to preventing CIN [1].

Metformin

The anti-hyperglycemic agent, Metformin, has been associated with a rare but life-
threatening complication in patients who receive intravascular iodinated contrast.
The kidneys eliminate this anti-hyperglycemic agent, excreting approximately 90 %
of a dose within the first 24 h. Instances have been reported in which patients taking
metformin develop lactic acidosis after receiving iodinated contrast media [1]. The
apparent cause is that contrast-induced decline in renal function leads to elevated
Metformin levels which in turn cause increased production of lactic acid by the GI
tract. Although this complication is estimated to occur at a rate of no more than 0.1
cases per 1,000 patient years, when Metformin-associated lactic acidosis occurs,
mortality is approximately 50 % [1].

In almost all reported cases of this serious adverse reaction, lactic acidosis likely
developed because associated other contraindications and comorbidities for the
drug were overlooked, i.e., renal or cardiovascular disease, but also decreased lac-
tate metabolism states from hepatic dysfunction and alcohol abuse, as well as
increased anaerobic metabolism resulting from sepsis or severe infection. In prop-
erly selected patients, there have been no documented cases of Metformin-associated
lactic acidosis [1].

The ACR recommends that patients taking Metformin who are scheduled to
receive iodinated contrast media be stratified into three groups. This stratification of
patients should be done on the basis of pre-examination renal function, and known
comorbidities associated with decreased lactate metabolism or increased anaerobic
metabolism. Management of the individual patient will vary depending on their
classification category, including possible Metformin discontinuation, continued
assessment of renal function following the imaging study, and the timing of the
reinstitution of Metformin [1].

Adverse Events After Gadolinium-Based Contrast
Agent Administration

The incidence of acute adverse events after administration of a routine IV dose
gadolinium chelate ranges from 0.07 to 2.4 %. The vast majority of these reactions
is mild and resembles adverse reactions from use of iodinated contrast media.
Severe, life-threatening allergic or nonallergic anaphylactic reactions are extremely
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rare with an incidence of 0.001-0.01 %. Fatal reactions to gadolinium chelate
agents, although possible, are exceedingly rare [1].

As with iodinated contrast media, a history of prior adverse reaction to GBCA
places the patient at much greater risk (approximately 8x) for a repeat adverse
advent. Similarly, patients with asthma and other allergies have an increased
incidence of allergic-like adverse events with GBCA, as high as 3.7 % [1].

When used at approved dosages, there is no significant evidence to suggest that
GBCA is nephrotoxic. Instead, use of a GBCA in patients with advanced renal dys-
function (those with ESRD and a creatinine clearance of <15 c¢cm®/min, but also
others with a creatanine clearance of 15-30 cm®min) places the patient at signifi-
cant risk for the development of NSF. GBCA crosses the blood-placenta barrier into
the fetal blood stream, and it may accumulate in amniotic fluid, thus making its use
in pregnant patients a relative contraindication [1].

Nephrogenic Systemic Fibrosis

The first cases of NSF were diagnosed in 1997, and the first published report of 14
cases appeared back in 2000 [28]. Despite this, NSF only recently has received
considerable attention in the medical community, largely because of identification
of a possible link with GBCA agents that have been widely used in MRI for the past
20 years. In 2006, several groups made the observation of a strong association
between GBCA administration and development of NSF in patients with advanced
renal disease, and it is now widely accepted that exposure to GBCA is a prerequisite
to develop NSE.

The disorder was initially termed nephrogenic fibrosing dermopathy given the
prominence of its skin manifestations, which include thick, hard skin starting in
the extremities, sometimes extending to the torso, and resembling that of progres-
sive systemic sclerosis [29]. After multiple autopsy case reports on patients with the
disease that described myocardial, pericardial, and pleural fibrosis, along with nerve
and skeletal muscle involvement, nephrogenic fibrosing dermopathy was renamed
NSF to emphasize the non-dermatological features of the disorder [30]. Patients
afflicted by NSF not only have wooden, unpinchable skin; they also may have
scleral plaques, joint contractures, muscle weakness, pruritus, and sharp pain.
Arriving at a confident diagnosis of NSF in a given individual is a complex under-
taking that relies on the expertise of specialist physicians, clinical history and physi-
cal examination, and tissue sampling. More specifically, the diagnosis of NSF
involves physical exam of the patient by a seasoned dermatologist or rheumatolo-
gist, and histopathologic assessment of skin biopsy tissue by an experienced derma-
topathologist [31, 32].

The incidence of NSF in much of the literature varies from 3 to 7 % in patients
receiving Omniscan (gadodiamide) [31], the GBCA administered in a very large
percentage of reported NSF cases. One study reported an incidence of NSF of 18 %
for patients in the highest risk group (GFR <15 mL/min) [33]. About 5 % of patients
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with NSF are afflicted by the fulminant subtype of the disorder. These patients
experience rapid progression of disease including accelerated loss of mobility and
severe pain [32]. In those cases where NSF is fatal, visceral involvement is the most
common cause of death, especially cardiovascular events [34].

In 2008, Knopp et al. observed that all documented cases of NSF to date had
acute or chronic renal insufficiency (GFR <30 mL/min); were related to acute renal
insufficiency in hepatorenal syndrome; or arose perioperatively in liver transplanta-
tion patients [31]. Most cases of biopsy-proven NSF reported in the peer-reviewed
literature are associated with ESRD (GFR <15 mL/min) (85 %), Omniscan (gado-
diamide) GBCA, exposure to a single high dose, or more commonly multiple doses
of contrast, within a 6 month time frame, the last exposure to contrast within 6
months, and current or previous dialysis (62 %) [31]. A high total cumulative life-
time dose of GBCA increases the risk of NSF. There has been only one published
case report of a patient with GFR >30 mL/min acquiring NSF [35] (Table 1.4).

Cases of NSF can be categorized as confounded or unconfounded. Confounded
cases are those in which the patient has a history of having received more than one
type of GBCA prior to onset of NSF, while in unconfounded cases the patient was
exposed to only a single GBCA. In a meta-analysis of the literature published in
2008, out of 168 unconfounded cases of NSF, the overwhelming majority involved
Omniscan (gadodiamide) (93 %), distantly followed by Magnevist (gadopentetate
dimeglumine) (5 %) and then Optimark (gadoversetamide) (2 %) [36]. Other brands
of GBCAs have been associated with few, if any, confirmed cases of NSF (Fig. 1.4)
[1]. Thus, the precise relationship between NSF and different formulations of
GBCA:s is controversial and incompletely understood.

Since most patients, including those with ESRD, do not develop NSF, other pos-
sible triggers, cotriggers, or predisposing conditions have been suggested, such as
vascular surgery, hypercoagulability or thrombotic events, high-dose erythropoietin
administration, immunosuppression, infection, proinflammatory state, metabolic
acidosis, and elevated serum levels of iron, calcium, and phosphorus [1, 31, 32]
(Table 1.4). To date, there is no clear evidence that any of these factors play a role
in the development of NSF.

It is now widely accepted that GBCA exposure is a prerequisite for the develop-
ment of NSF [1]. The exact mechanism by which GBCA exerts its effect in NSF is
unknown, or at least not well understood. The most favored theory is that the gado-
linium (Gd) ion dissociates from its chelate and then binds other anions such as
phosphate producing an insoluble precipitate that remains in the skin and other tis-
sues for weeks, months, or even years [1, 32], thus inciting a fibrotic reaction.

Since the medical community does not know why only a minority of patients at
risk develop NSF, caution should be exercised when administering GBCA in
patients with advanced renal failure. Assessment of the risks and benefits of
GBCA administration should be performed for each patient via close consultation
between radiologist and clinician and GBCA administered only to patients where
the information provided by its use is both essential to patient care and unable to
be obtained by other means [31]. If a decision is made to utilize GBCA, the imag-
ing study should be monitored by the radiologist. If the initial non-contrast images
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Group I: Agents associated with the greatest number of NSF cases:

Gadodiamide (Omniscan® -~ GE Healthcare)
Gadopentetate dimeglumine (Magnevist® — Bayer HealthCare Pharmaceuticals)
Gadoversetamide (OptiMARK®-Covidien)

Group II: Agents associated with few, if any, unconfounded cases of NSF:

Gadobenate dimeglumine (MultiHance® — Bracco Diagnostics)

Gadoteridol (ProHance® — Bracco Diagnostics)

Gadoteric acid (Dotarem® — Guerbet — as of this writing not FDA-approved for use in the U.S.)
Gadobutrol (Gadavist® — Bayer HealthCare Pharmaceuticals)

Group Ill: Agents which have only recently appeared on the market in th US:

Gadofosvest (Ablavar® - Lantheus Medical Imaging)
Gadoxetic acid (Eovist®— Bayer HealthCare Pharmaceuticals)

There is limited data for Group III agents, although, to date, few, if any, unconfounded cases of NSF
have been reported.

Fig. 1.4 Association between various Gadolinium-based contrast agent (GBCA) and cases of
NSF (From: [1] Manual on Contrast Media, Version 8. Reston, VA: American College of
Radiology; 2012)

are diagnostically adequate, the radiologist can cancel the planned utilization of
Gd contrast [31].

The radiologist and clinician can also coordinate post-MRI hemodialysis for
patients following a study in which GBCA is administered. Dialysis should be per-
formed approximately 2 h and if possible again at 24 h after the MRI to accelerate
GBCA elimination. It should be noted, however, that there are currently no data
showing that reducing free Gd levels with dialysis decreases the risk of developing
NSF [31].

Administration of lodinated Contrast Media and GBCA
in Pregnancy

Studies in the medical literature focusing on fetal effects of iodinated contrast media
(both ionic and nonionic) and GBCAs during pregnancy are limited. Potential nega-
tive effects on the human embryo and fetus are incompletely understood. Both
iodinated contrast agents and gadolinium-based MR contrast media, when adminis-
tered in doses typically used in clinical practice, cross the human placenta and enter
the fetus in measurable quantities [37, 38].

After entering the fetal blood stream, contrast agents are excreted via the urine
into the amniotic fluid. This is then swallowed by the fetus [39], a small percentage
is absorbed by the GI tact, and the rest returned back to the amniotic fluid. The cycle
is then repeated innumerable times. Currently, it is not known how quickly contrast
media is cleared from the amniotic fluid.
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In-vivo tests in animals have shown no evidence of either mutagenic or teratogenic
effects with iodinated low-osmolality contrast media (LOCM). No adequate and
well-controlled studies of the teratogenic effects of iodinated contrast agents in
pregnant women have been performed. At the current time, there is insufficient
evidence to conclude whether or not iodinated contrast media pose a risk to the
fetus. Policies and procedures designed to identify pregnant patients prior to expo-
sure to ionizing radiation (e.g., CT) also should be used to assess the medical neces-
sity for administration of iodinated contrast media in these patients.

No well-controlled studies of the teratogenic effects of GBCA in pregnant
women have been performed. This class of contrast agent poses more difficulties
than iodinated contrast media, largely because less is known about potential fetal
toxicities. Gadolinium chelates may accumulate in the amniotic fluid and remain for
an indefinite period of time. It is also possible that toxic-free gadolinium can dis-
sociate from its chelate in this environment. Potential toxic effects from exposure to
free Gd ions are unknown, as is association between free gadolinium ions and devel-
opment of NSF in the fetus.

As a result, GBCA should not be used routinely in pregnant patients. The same
precautions with the use of GBCA in ESRD patients should be exercised in preg-
nant women as well. The radiologist should confer with the clinician to be sure that
the following criteria are met: (1) the diagnostic information expected to be pro-
vided by the MRI cannot be acquired without the use of IV contrast media or by
using other imaging modalities, (2) the information needed affects the care of the
patient and fetus during the pregnancy, and (3) the referring physician feels that it is
not prudent to wait until after parturition to obtain this information.

Administration of lodinated Contrast Media and GBCA
to Breast-Feeding Mothers

Often, patients and/or their physicians have concerns about potential toxicity to the
infant caused by contrast media that is excreted into the mother’s breast milk.
Mothers who are breast-feeding should be given the opportunity to make an
informed decision as to whether to continue or temporarily abstain from breast-
feeding after receiving intravascularly administered iodinated contrast media or
GBCA. The literature on the excretion of iodinated contrast agents (both ionic and
nonionic) and GBCA into breast milk and the subsequent gastrointestinal absorp-
tion of these agents from breast milk is limited, but sufficient for the ACR to con-
struct a position statement on this topic.

A number of studies have reported that less than 1 % of the maternal dose of
iodinated contrast material is excreted into breast milk during the first 24 h.
Furthermore, less than 1 % of the contrast medium in the breast milk that the infant
ingests is absorbed by its gastrointestinal tract [40—42]. Therefore, the expected
dose of contrast media absorbed by an infant from ingested breast milk is less than
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0.01 % of the intravascular dose administered to the mother. This amount of contrast
material represents less than 1 % of the recommended contrast dose for an infant
undergoing an imaging study.

The literature reports that only 0.04 % of the maternal GBCA dose is excreted
into the breast milk in the first 24 h. As with iodinated contrast material, less than
1 % of the GBCA in breast milk ingested by the infant is absorbed by its gastroin-
testinal tract [43, 44]. Thus, the expected dose of GBCA absorbed from ingested
breast milk by an infant is less than 0.0004 % of the dose received by the child’s
mother. This amount of GBCA 1is 0.04 % of the permitted adult or pediatric (2 years
or older) IV dose.

Although free gadolinium is neurotoxic, it is safe for use in most adults and chil-
dren when complexed to one of a variety of chelates. However, because it is not
known how much, if any, of the gadolinium in breast milk is in unchelated form, the
infant may be at risk due to direct toxicity from free Gd. Potential risk also includes
allergic sensitization or reaction. So far, these are mainly theoretical type concerns.

Because of the very low percentage of iodinated contrast agent or GBCA that is
excreted into the breast milk and absorbed by the infant’s GI tract, and absence of
evidence in the literature that ingestion of this amount of contrast has toxic effects,
the ACR position on this issue is that it is safe for the mother and infant to continue
breast-feeding after receiving a contrast agent. If the mother remains concerned
about contrast media administration having potential ill effects on her infant, a rea-
sonable option is to temporarily abstain from breast-feeding after receiving contrast.
Both iodinated contrast agents and gadolinium contrast media have a plasma half-
life of approximately 2 h, which results in clearance of nearly 100 % of contrast
media from the bloodstream within 24 h. As a result, the mother can discontinue
breast-feeding for 24 h, but she must actively express and discard her breast milk
during that period.
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Chapter 2
Neurological Imaging

Pallav N. Shah

Introduction

The early 1900s marked the beginning of a new field in imaging, neuroradiology.
Skull radiographs became available to the medical community in the first decade of
the twentieth century. Ventriculography and pneumoencephalography soon fol-
lowed 2 decades later. In the ensuing years, intra-arterial catheter-based vascular
imaging heralded carotid angiography. Over the next 40 years, many technical
advances were made with angiographic imaging; however, patients did not always
tolerate these semi-invasive procedures and suffered significant morbidity.

The real breakthrough in neuroimaging occurred with the introduction of com-
puted tomography (CT) imaging in 1971. Soon thereafter, procedures such as ven-
triculography and pneumoencephalography became obsolete. The revolution in
radiology continued with the introduction of magnetic resonance imaging (MRI) in
the early 1980s. Noninvasive CT and MR angiography (CTA and MRA) are now the
preferred first tests in vascular imaging. Since their inception, they have curtailed
the use of conventional intra-arterial catheter-based angiography, which is now typi-
cally reserved for therapeutic procedures. Physiologic imaging, utilizing a hybrid of
CT, MR, and positron emission tomography (PET) imaging modalities, now com-
plements and at times eclipses traditional morphologic imaging. Today, functional
imaging is proving to be an invaluable clinical tool for treatment and pre-surgical
planning of many oncology and epilepsy patients.

Today, there are many imaging options available to the neuroradiologist as well
as the referring clinician when confronted with a patient with a neurological deficit.
Thus, prior to choosing an imaging modality, the pertinent clinical questions must
be well-formulated. This means that it is important to conduct a thorough review of
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the patient’s signs and symptoms. From here the process continues by choosing the
appropriate imaging modality, typically X-ray, ultrasound, CT, MR, PET, or con-
ventional angiography. When requesting CT or MRI, the question of whether or not
the patient should receive an intravenous contrast agent also needs to be addressed.

Besides clinical indication, other key questions need to be addressed in choosing
an imaging examination. What are the risks and benefits of the chosen imaging
modality? How will the study alter patient management? Will the patient be able to
cooperate fully for the exam? Are there any contraindications to any particular type
of imaging? Which imaging modality will yield the greatest amount of information
and which be the most cost-effective?

Unfortunately, many disease entities have overlapping clinical presentations and
even imaging findings. Hence, choosing the single most appropriate study may
prove to be quite difficult. Even so, the correct imaging examination often provides
new information that reveals the acuity of the pathology and ultimately determines
patient management. In certain situations, imaging allows the clinician to further
direct the patient to surgical or medical therapy.

CNS Imaging Modalities: Overview
Plain Film Radiography

Radiographs can be inexpensive and quickly obtained, but the information that they
provide is indirect and limited compared with more advanced modalities. Today
they play a limited role in central nervous system (CNS) imaging. There remain,
however, several key areas where the role of radiographs has not been eclipsed by
more advanced imaging techniques. For example, X-rays still remain the primary
means for screening patients to exclude metallic foreign bodies that are incompati-
ble with MRI. Plain radiography can be utilized for the evaluation of minor maxil-
lofacial trauma, periodontal disease, surveying the axial and appendicular skeleton
for multiple myeloma and screening children for possible child abuse. In addition,
radiographs are still used as the first line of imaging in patient with back pain.
Flexion and extension spine X-rays still provide the surgeon with valuable func-
tional information when assessing traumatic or degenerative spinal instability.
Spondylosis, spondylolisthesis, and spondylolysis can be quickly ruled “in” or
“out” using plain radiography.

Plain radiography is often the initial study when assessing for ventricular shunt
integrity. Programmable shunt catheter settings and intracranial pressure measur-
ments can be obtained with simple skull radiographs. Plain film imaging continues
to play a role in extracranial imaging particularly in the evaluation of dental disease.
However, most would agree that CT provides much greater sensitivity and specific-
ity when assessing for intra-calvarial pathology and calvarial, orbital, and maxillo-
facial trauma.
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Although CT and MRI have eclipsed plain film radiography (PFR) for evaluation
of the head and maxillofacial region, radiography is often the first line of imaging in
screening for spondylosis and related spine disorders. Spine radiographic studies
typically include AP, oblique, and lateral views, followed by flexion and extension
views to assess for fixed or dynamic instability if needed.

Computed Tomography

Computed tomography (CT) imaging is the most widely used modality in neuroim-
aging. Its high contrast resolution allows clear delineation of fluid, air, soft tissue,
and osseous structures. CT’s universal availability and accessibility at all hours of
the day is often the primary reason for selecting it over MRI, particularly in the
acute setting. CT permits sequential imaging of the head and neck region within
seconds. Rapid imaging and multi-planar reconstruction capabilities allow quick
diagnosis of surgical emergencies in acutely ill patients. Furthermore, it has higher
accuracy for diagnosing acute intracranial hemorrhage than MRI. Subacutely, it
provides an accurate means to reevaluate ICU patients for interval change in CNS
pathology. This is particularly useful in patients who have Glasgow Coma Scale
(GCS) scores below <8. Non-contrast imaging is recommended in the evaluation of
patients with trauma.

In general, IV contrast should be used when there is concern for infection or
neoplastic disease. Contrast administration also allows CT to depict neurovascular
anatomy from the aortic arch to the dural venous sinuses in minutes. In addition,
CT’s ability to rapidly and repeatedly scan a large volume of tissue allows perfusion
imaging after a dose of intravenous contrast.

Despite the tremendous benefits to CT imaging, one of its main drawbacks is its
use of ionizing radiation. This has raised concern of an increased long-term risk of
cancer, particularly in young patients [1]. With collaboration among physicists,
imaging vendors, and radiologists, new imaging recommendations are now avail-
able that reduce radiation dose for both pediatric and adult patients. Nationwide
campaigns such as Image Gently and Image Wisely provide radiologists alternative
strategies to reduce radiation exposure without significantly decreasing imaging
quality.

Ultrasound

Sonographic imaging (ultrasound, US) plays a very specific role in CNS imaging.
In the pediatric population, sonography is used to assess in utero malformations and
perinatal complications such as germinal matrix hemorrhage with or without hydro-
cephalus. Prior to complete ossification of the spine, US can also be used to screen
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for and diagnose neural tube defects such as meningoceles, myelomeningoceles,
and spina bifida. Better anatomical detail and superior soft tissue contrast resolution
is available with MRI, but in younger patients anesthesia may be required for the
patient to tolerate the time necessary for an MR.

Trans Cranial Doppler imaging provides a real time, dynamic bedside evaluation
of intracranial arterial vasospasm. This noninvasive, quick, and readily available
test can be tremendously helpful to the neurosurgeon in identifying vasospasm dur-
ing the critical period after subarachnoid hemorrhage.

The largest indication for ultrasound in CNS imaging is carotid stenosis. This is
a quick reliable noninvasive method of screening patients with carotid atheroscle-
rotic disease, symptomatic or not, for carotid stenosis. Ultrasound’s main drawback
is that it is operator-dependent. Therefore, a poorly performed examination can lead
to an incorrect diagnosis. Newer, 3D sonographic imaging and video capture tech-
nology allows the radiologist to provide a more “real time” evaluation and lessens
the concern over operator dependence.

Magnetic Resonance Imaging

Since its initial clinical use in the 1980s, MR scanning equipment and imaging
sequences have greatly improved and now provide exquisite anatomic detail and
soft tissue characterization. MRI, like CT, can obtain multi-planar modality image
sets, but without the use of ionizing radiation. It has allowed both better diagnosis
and better understanding of CNS pathology. MR brain imaging is superior to CT
imaging particularly when assessing the posterior fossa structures and also in evalu-
ating the meninges and cranial nerves. In spine imaging, it is able to assess bone
marrow abnormalities, define and grade osseous and discogenic spondylosis, and
provide excellent gray and white matter cord distinction.

Time of flight (TOF) MRI techniques can also be used to perform vascular imag-
ing, with or without contrast, using maximum intensity projection and multi-planar
reconstruction. This is particularly useful in the evaluation of the Circle of Willis for
aneurysms, arterial occlusions, and arteriovenous malformations (AVMs). In addi-
tion, TOF imaging can quantify and also localize atherosclerotic disease and vascu-
lar injury. Dural venous flow can also be studied with MRI utilizing either TOF or
phase contrast scanning techniques.

MRI is by far the preferred modality, particularly in the subacute setting because
of its superior soft tissue resolution and contrast. Its lack of “around the clock”
availability unfortunately prevents it from being more widely used, especially in the
acute setting. Additional drawbacks also include multiple contraindications, some
of which are absolute while others are relative (Table 1.3, Chap. 1). Patients who are
claustrophobic may not be able to tolerate imaging because of the configuration of
the scanner. More recently, the concern for nephrogenic systemic fibrosis (NSF) has
also precluded utilization of contrast MRI in selected patient groups.
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Clinical Scenarios

Headache (Pediatric)

Headache is a very common complaint in children [2, 3]. The majority of pediatric
headaches are benign. Headaches in general, and particularly the migraine type, are
more common among adolescent females. Studies show that CNS imaging of pedi-
atric patients yields a significant positive finding only 1 % of the time [4, 5]. Rarely,
an underlying brain tumor or other structural abnormality is the etiology of the
headaches in pediatric patients with an annual incidence of 0.3 % of patients [6].
The high prevalence of headaches and the low yield of pathology detected at imag-
ing raise the question of whether there is a need to expose pediatric patients with
“isolated” headaches to radiation or whether it is wise to devote healthcare resources
to this end. Many studies have tried to define associated signs or symptoms that may
yield a higher rate of structural pathology in children with headaches.

Retrospective data from the Childhood Brain Tumor Consortium suggests that
neurologic deficits and/or papilledema herald underlying structural brain pathology.
Neurologic deficits include gait disturbance, abnormal reflexes, nystagmus, confu-
sion, cranial nerve findings, and altered sensation. Headaches of increasing fre-
quency, duration, or intensity should raise suspicion for an underlying structural
lesion. An intense, prolonged, and incapacitating headache in the absence of
migraines is also concerning for underlying pathology.

A “thunderclap” headache, which is severe headache of acute onset, is most
commonly reported in adults but also occurs in children. These headaches classi-
cally correlate with imaging findings of subarachnoid hemorrhage (SAH) and intra-
cranial hemorrhage that arise from a precipitous rupture of an aneurysm or AVM.
Carotid or vertebral dissection has been associated with sudden onset of severe
unilateral headache and accompanying neurologic findings in pediatric patients.

Neuroimaging with a non-contrast CT scan has been advocated for patients with
sudden onset of a severe headache, particularly in the absence of a family history of
migraines [7]. If CT imaging reveals subarachnoid or parenchymal hemorrhage,
further evaluation for aneurysm or vascular malformation must be performed, using
either CT angiography (CTA) or MRA. CTA is more widely available and is quicker
than MRA, but carries risk from radiation exposure. If these noninvasive methods
fail to show a lesion, conventional catheter-based angiography should be consid-
ered. Catheter angiography not only provides more definitive information regarding
a vascular lesion but also offers the option of immediate intra-arterial and/or intra-
venous therapy.

Typically, migraine headaches can be distinguished from other types of head-
aches by history. Patients whose migraine headaches are associated with an ini-
tial aura may also have symptoms such as unilateral numbness and tingling, or
transient hemiplegia, aphasia, and/or apraxia. Thus, clinicians may have diffi-
culty distinguishing the first few episodes of migraine headaches from other
more ominous CNS pathology such as brain tumor, SAH, vasculopathy, or AVM.
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This concern may lead to imaging before the clinical diagnosis and pattern of
migraine headaches is established or recognized. One of the distinguishing
features of migraine headaches is their temporal nature. Neurologic findings in
migraine headaches are fleeting while deficits from brain tumors usually persist.
Children, in particular, are symptom-free between episodes of migraines. Most
clinicians do not advocate imaging in patients with an established diagnosis
of classic or common migraine [7]. There is no supportive data for imaging patients
who either have nonprogressive migraine headaches, or who have a positive family
history [8, 9].

Complicated migraines are defined as those with associated focal neurologic
deficit. The presentation of a complicated migraine often overlaps the presentation
of headache caused by a brain tumor. Imaging is therefore recommended in these
cases to exclude the latter [8, 9]. Patients with ophthalmologic migraines may pres-
ent with unilateral ptosis or complete third nerve palsy. This often can be confused
with a structural CNS abnormality, and therefore imaging may be beneficial.

Sinogenic headaches, i.e., headaches caused by sinus pathology, occur in both
children and adults. Although the diagnosis of acute sinusitis is made clinically,
complaints of persistent and severe headache as the dominant feature of sinusitis are
worrisome. In these cases, imaging is indicated to exclude intracranial extension of
disease. Signs or symptoms that provoke concern for intracranial extension include
high fever, confusion, and change in mental status with or without focal signs.
Intracranial spread of infection causes dural irritation and localized encephalitis
which in turn causes headache.

Suppurative intracranial collections between the skull and dura are less prevalent
in children than adolescents. These empyemas most commonly arise via extension
of paranasal sinus disease. Imaging with either CT or MRI plays a key role in char-
acterizing the intracranial pathology as meningitis, encephalitis, or meningoenceph-
alitis and showing the presence of hemorrhage/infarction or brain abscess. Contrast
is recommended as it enhances the conspicuousness of a subtle collection. MRI is
preferable for diagnosing epidural empyemas because it has the ability to distin-
guish among different types of fluid [10].

Headaches associated with fever or known systemic illnesses may indicate pos-
sible meningitis or encephalitis. Altered consciousness, nuchal rigidity, or other
neurological signs also indicate a need for neuroimaging. In addition, some dis-
eases, including neoplasms and/or systemic illnesses such as sickle cell disease or
hypertension or those that cause immune compromise, predispose patients to intra-
cranial pathology. In high-risk groups such as these, the presence of a severe or
unremitting headache may herald significant intracranial pathology and indicate the
need for imaging. In immune-compromised pediatric patients particularly, the
threshold for imaging should be low.

In summary, neuroimaging generally is not warranted for patients with primary,
e.g., migraine or chronic, headaches but usually is indicated for secondary head-
aches, i.e., those associated with underlying pathology. Headache characteristics,
the patient’s medical history, and neurological examination findings distinguish
the headache as primary or secondary. Patients presenting with secondary
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headaches in urgent clinical situations require emergent CT while MRI is preferable
in nonurgent situations. Emergent CT examination is recommended for patients
presenting with sudden, severe “thunderclap” headaches or complaining of the
“worst headache in their life.”

Headache (Adult)

Several clinical indicators have been studied to determine when neuroimaging is
needed in adults. Most of this data come from studies on patients who visit the
emergency department (ED) with a chief complaint of headache [11-13]. Indications
include focal neurologic deficit, alteration in the character of the headache, persis-
tence of headache despite analgesics, abrupt onset, and increasing frequency and
intensity of the headache. Of these, abrupt onset and focal neurologic findings most
strongly predicted intracranial lesions. Overall, 36 % of the patients who present
with a headache as well as a focal neurologic deficit had significant pathology on
imaging [14]. Another study showed that ED patients with a chief complaint of
headache who also had decreased level of consciousness, paralysis, or papilledema
were most likely to have visible CT or MT imaging pathology. In this study, 35 %
of those who presented with headache and a positive neurologic exam had intracra-
nial pathology shown by imaging [15]. Another study of ED patients with a chief
complaint of headache who had neuroimaging, either CT or cerebral angiography,
again showed that an abnormal neurologic examination was most significantly cor-
related with positive imaging findings [16].

Information concerning the workup of headaches in the ambulatory setting is
limited. In this group about 3 % of outpatients presenting to their physician with a
new headache undergo CT evaluation [17]. Of these, only 4 % of the scans reveal a
significant finding and/or treatable lesion [18]. Expert guidelines for headaches
among the ambulatory population recommend neuroimaging for migraine patients
only in the presence of persistent focal abnormal neurological findings. They note
inadequate evidence for recommending neuroimaging for patients with tension type
headaches. They also note inadequate evidence for or against neuroimaging for
headache in the presence or absence of non-focal symptoms such as dizziness, syn-
cope, nausea, lack of coordination, the “worst headache ever,” headache that awak-
ens the patient from sleep, and increasing frequency of headaches [19]. The
radiologic literature supports imaging in the setting papilledema, meningismus, par-
tial seizure, increase in pain with coughing, sneezing, or change in body position,
and any new headache in an HIV-positive patient [20, 21].

When confronted with a patient who complains of headache, the quality, loca-
tion, duration, and time course of the headache and the conditions that produce,
exacerbate, or relieve it should be carefully reviewed. Information regarding the
patient’s medical and family history also should be taken into consideration. This
clinical data may provide clues to the underlying cause of headache so that a judi-
cious decision can be made for neuroimaging either with CT or MR (Fig. 2.1).
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Fig. 2.1 Algorithmic approach to Imaging for patients presenting with headache

Seizure

A seizure is a finite event of altered cerebral function because of excessive and
abnormal electrical activity within the brain. Epilepsy is a chronic condition which
predisposes the patient to repeated seizures. It has been estimated that one out of
eight individuals will experience at least one seizure in their lifetime [22].

The International League Against Epilepsy reclassified epileptic seizures in 2010
in an effort to improve diagnosis, treatment, and management of patients who live
with this chronic illness (Fig. 2.2). They classified seizures as generalized or focal



2 Neurological Imaging 33

Seizure

Chronic,
Subacute
Recurrent

Acute/First
Time
CT imaging

\\\\\\\

Traumatic | [Nontraumatic
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and then further subdivided them into tonic-clonic, absence, myoclonic, clonic, tonic,
and atonic types. The distinction between “focal” and “generalized” seizures is
important because it reflects the extent of abnormal brain activity. Generalized sei-
zures rapidly affect both cerebral hemispheres and both sides of the body, even when
they are caused by a “focal” lesion. Certain types of seizure disorders are more likely
than others to be associated with structural brain lesions such as tumors, infection,
infarction, traumatic brain injury, vascular malformations, and developmental abnor-
malities. Therefore, knowledge of the type of a patient’s seizure helps to determine
when neuroimaging is clinically indicated and what type of study is appropriate.

Given the superior soft tissue contrast and multi-planar capability of MRI, it is
easy to understand why it provides the highest sensitivity and accuracy when assess-
ing virtually any cause of epilepsy. MR can provide high-resolution structural imag-
ing in epilepsy with either 1.5 or 3.0 T MR scanners, including tailored thin section
imaging through the mesial temporal lobes in cases of temporal lobe epilepsy (TLE).
In these patients, MR imaging can demonstrate hippocampal atrophy, subtle signal
alterations, certain structural abnormalities accompanying cortical dysplasias, ham-
artomas, and/or other developmental abnormalities. Anatomic imaging identifies a
focal abnormality in as many as half of all patients with focal seizures [23].
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Despite the technical advances, morphologic imaging fails to reveal a structural
abnormality in a great number of patients who suffer from refractory seizures. In
these patients, functional studies can provide useful information on the source of the
seizure. Functional imaging techniques include PET, single-photon emission com-
puted tomography (SPECT), magnetic source imaging (MSI), and functional MRI
(fMRI). These techniques should be employed in the evaluation of patients with
epilepsy who are candidates for surgical intervention [24, 25-31].

Clinical PET with fluorine-18-2-fluoro-2-deoxy-D-glucose (FDG) provides a
measure of glucose uptake by brain cells and therefore brain metabolism. A seizure
focus typically manifests as a focus of hypometabolism on interictal examinations.
Ictal imaging, however, will show increased glucose metabolism and therefore
increased FDG activity on PET imaging. When compared with EEG results, inter-
ictal FDG-PET is sensitive (84 %) and specific (86 %) for TLE. On the other hand,
it is much less sensitive but more specific. By contrast, structural-based temporal
lobe MR imaging yields lower sensitivity than PET imaging. Outside of the the
temporal lobe, MR imaging yields higher sensitivity but lower specificity than PET
imaging. Therefore, a combination of EEG, MR, and PET imaging may be prudent
in certain seizure foci prior to surgical intervention.

Both contrast enhanced MR and SPECT, using perfusion agents such as 99mTc-
HMPAO or 99mTc-Neurolite, provide an assessment of regional cerebral blood
flow (CBF) rather than brain metabolism. Similar to metabolic imaging, perfusion
imaging shows hypoperfusion during interictal imaging and hyperperfusion during
ictal imaging. The use of ictal/interictal subtraction imaging with co-registration on
MRI and image-guided surgery datasets is proving to be more useful than interictal
imaging alone [32, 33]. Unfortunately, the need to inject the blood flow agent within
90 seconds of the seizure for the ictal phase of imaging is often an insurmountable
technological challenge.

fMRI techniques include phosphorus and proton spectroscopy (MRS), perfusion,
and blood oxygen level-dependent (BOLD) activation. Widespread availability of
fMRI imaging is limited because this technique requires specialized MR scanners
that can perform and then post-process fast echo-planar pulse sequences. MRS pro-
vides in-vivo chemical analysis of the brain. It shows differential metabolite values
in epileptogenic regions of the brain compared to normal brain parenchyma. MRS
is used as an adjunct pre-surgical examination for seizure source localization in dif-
ficult cases of extra-temporal and partial epilepsy. It reduces the need for invasive
intracranial electroencephalography (IEEG) recordings.

Both EEG and magnetoencephalography (MEG) offer significantly higher tem-
poral resolution than PET, SPECT, and fMRI. Recent improvements in MEG tech-
nology allow complete brain coverage. MEG is utilized in preoperative evaluation
of patients with intractable or medically refractory seizures [34, 35]. The MEG
images are often superimposed on high-resolution MR images. MEG is not a “front-
line” tool for evaluation of epilepsy, but may be used in select patients who: (a) are
surgical candidates for resection, (b) do not have an MR demonstrable lesion or
have multiple potential seizure foci, or (c) might otherwise require invasive moni-
toring A(EEG). MEG is thus complimentary to EEG and may confirm lesions seen
on MRI as the source of the seizure. MEG provides better spatial resolution
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compared with EEG [35] and can also guide the placement of iEEG grids. In certain
patients it may also help to discern important seizure foci among multiple potential
seizure foci suggested by other tests.

Focal Neurologic Deficit

A focal neurologic deficit is a collection of symptoms or signs that can be attributed
to a specific anatomic site in the CNS. A dedicated neurologic examination often can
define the CNS source of the deficit. In some cases, however, the etiology of the
abnormality may be difficult to define, and in these cases imaging can narrow differ-
ential diagnostic considerations. Image interpretation can be much more sensitive and
specific if the radiologist is made aware of the onset (acute vs. insidious) as well as
temporal behavior (stable, worsening, or resolving) of the focal neurologic deficit.

In general, acute onset of a focal neurologic deficit implies a vascular etiology while
a more insidious onset or a chronic process suggests an underlying mass lesion
(Fig. 2.3). CT imaging can be used to screen patients for suspected infarction, but is
often insensitive in the hyper-acute setting. At times, certain subtle CT findings such as
an obscured insular ribbon or hyperattenuation of the middle cerebral artery can be the
first imaging clue to the location as well as severity of the stroke on early CT. Diffusion
weighted MR imaging (DWI) is much more sensitive than CT in detecting acute isch-
emia-induced cytotoxic edema and thus the specific brain tissue at risk. The main goal
of CT in the setting of acute infarction is to exclude intracranial hemorrhage in patients
who might otherwise be candidates for thrombolytic therapy. Contrast administration
is not necessary with either CT or MR when evaluating for acute infarction.

Besides ischemic events, parenchymal or SAH also may cause an acute focal
neurologic deficit. Non-contrast CT imaging is the preferred technique for screen-
ing for acute intracranial hemorrhage because of wide availability, short scan time,
and high sensitivity for detecting acute hemorrhage [36, 37]. While MR is sensitive
for detecting and differentiating acute from chronic blood products, it is generally
not as available in the acute setting.

A slowly progressive focal neurologic deficit generally implies the presence of
an expanding and evolving intracranial lesion such as a primary or metastatic neo-
plasm. Conversely, a more subacute presentation typically correlates with an infec-
tious process. While CT is invaluable for screening for either infection or neoplasm
acutely, a contrast enhanced MR study will provide far more anatomic detail, define
the extent of disease, and allow for soft tissue characterization.

Transient Ischemic Attack

Over the past decade, there has been considerable debate over the definition of tran-
sient ischemic attack (TIA), particularly the acceptable duration of the transient
symptomatology. Conventionally, TIA was defined as a focal neurologic deficit
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Fig. 2.3 Algorithmic approach to imaging patients who present with a focal neurologic deficit in
the ambulatory setting: screening for acute stroke

lasting less than 24 h. The problem with a time-based definition is that it does not
adequately identify patients who may benefit from thrombolytic therapy (rtPA,
recombinant tissue plasminogen activator). A tissue-based definition is preferable
because although most (70 %) TIA symptoms last for 2 h or less, many of these
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patients (30-50 %) show tissue injury on diffusion weighted MRI (DWI) [38—40].
The American Stroke Association has recently proposed a new definition of TIA as
“a transient episode of neurologic dysfunction caused by focal brain, spinal cord, or
retinal ischemia, without acute infarction” [39, 41]. Based on the current FDA rec-
ommendations, however, only the presence of acute hemorrhage on non-contrast
CT (NCCT) is a contraindication to rtPA treatment in the first 3 h after the onset of
deficit. Even rapidly improving symptoms in the first 3 h and no DWI changes on
MR may not justify withholding rtPA because as many as a third of these patients
go on to subsequent severe deterioration if left untreated.

In addition, 1015 % of all strokes are heralded by a TIA within 90 days—half
of these within 48 h. Thus, a history of recent TIA should trigger an immediate
workup for stroke risks and additional tissue and vascular imaging studies [39, 42,
43]. These imaging studies typically begin with non-contrast CT, followed by MR
and carotid Doppler US to identify a possible source of thromboembolic disease.

Stroke

As noted above, NCCT has been the preferred modality for initial imaging of sus-
pected stroke because it is widely available and very sensitive for acute hemorrhage.
CT effectively detects acute hemorrhage in brain parenchyma and in the subarach-
noid, subdural, and intraventricular spaces. Unfortunately, it is insensitive at detect-
ing acute ischemic tissue injury. Recent development of computed tomographic
perfusion (CTP) imaging has increased sensitivity for detection of acute cerebrovas-
cular-induced tissue damage. While CTP imaging requires contrast, magnetic reso-
nance perfusion (MRP) imaging may be performed with or without contrast.

CT perfusion studies are performed by rapidly imaging and reimaging a target
region of the brain immediately following contrast bolus. The technique is based on
the central volume principle which states that CBF is equivalent to the cerebral
blood volume (CBV) divided by the mean transit time (MTT). Both CTP and MRP
imaging can measure CBV, CBF, time to peak (TTP), and MTT. Quantitative and
qualitative measurement of these parameters provides a method of assessing
regional tissue perfusion to identify relative regions of ischemia or infarction. In
general, a CBF of 10—15 mL/100 g/min or less is considered infarcted tissue whereas
a rate of 15-20 mL/100 g/min is considered ischemic. Any region of tissue that is
under-perfused, but not infracted, surrounding infracted tissue is considered the
penumbra. Alternatively the penumbra can also be considered as a volume of low
blood flow tissue that is larger than the infarcted volume by 20 % or more. Relative
“mismatch” of tissue flow and volume compared with the centrally infracted core
tissue, in the absence of acute hemorrhage, indicates brain tissue that may be sal-
vaged with the use of thrombolytic therapy. Technically, MRP has several advan-
tages over CTP. It does not use ionizing radiation, has less risk of renal toxicity,
known contrast reactions, and does not cause fluid overload compared to iodinated
contrast materials. MRP has less variability than CTP quantitative methods [44],
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and, unlike CT, MRI can measure directly cellular viability using diffusion
restriction techniques. It also can assess a larger volume of brain tissue than CTP.
The newer generation of CT scanners, with their larger number of detector arrays,
is decreasing the volume gap between techniques, however [45]. Despite these
advantages, the wide availability of CT and the rapidity with which it can be per-
formed in a limited 3 h clinical onset window mitigates the advantages of MR.
Given the abovementioned risks and benefits of imaging, an appropriate plan of care
can be rapidly implemented to diagnose, define, and possibly treat a patient present-
ing with an acute stroke (Fig. 2.4).

Role of Imaging in Specific Scenarios

Carotid Stenosis

In recent years, the medical community has made a concerted effort to reduce the
incidence of stroke by identifying patients most at risk. Much effort has been
expended to identify risk factors for atherosclerotic disease, and new strategies have
been developed to reduce the rate of stroke in high-risk patients [46]. Efforts range
from modification of lifestyle to preemptive surgical or endovascular carotid artery
intervention. Randomized, prospective clinical trials that include imaging and other
criteria have shown that surgical endarterectomy is effective in reducing stroke mor-
bidity of both asymptomatic and symptomatic patients [47-52].

Imaging today offers a number of sensitive, noninvasive and therefore low risk,
tests, all directed at diagnosing the most common cause of a stroke—carotid artery
atherosclerosis—in “at risk” patient groups such as those with a carotid bruit [53,
54]. While duplex ultrasound (US) and computed tomography angiography (CTA),
magnetic resonance angiography (MRA) and time-resolved contrast enhanced
MRA (CE-MRA) all have high diagnostic accuracies for detecting internal carotid
stenosis, 70-99 % [55, 56], only US appears to offer cost-effective initial screening.
However, given the operator imaging variability with sonography as well as the
artifact created from calcified plaques, and the difficulty in distinguishing subtotal
from total occlusion, a full endorsement of its routine use as the sole examination
before endarterectomy cannot be made [55, 57]. Most radiologists today recom-
mend combined use of US with CE-MRA [53-55, 57-59].

Multi-slice CTA offers an alternative means of examination; however, it poses
risks from intravenous iodinated contrast administration. CTA requires a large intra-
venous contrast injection volume and hence has the potential for contrast-induced
nephrotoxicity or anaphylaxis. In addition, CT exposes the patient to an ionizing
radiation dose. CTA also may be less accurate at evaluating the degree of luminal
narrowing in the presence of calcified plaque than some other techniques [56, 60, 61].

It is hoped that better plaque characterization will improve the predictive value
of imaging at identifying clinically significant carotid stenosis for patients with
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symptomatic cerebral ischemia [62, 63]. A variety of imaging strategies could be
undertaken in symptomatic patients at risk for major ischemic stroke, where the
initial study could include a brain imaging examination, quickly followed by one of
the abovementioned noninvasive vascular studies.

In patients with chronic carotid stenosis or occlusion, the elevated ischemic
stroke risk could be further evaluated by functional imaging. With perfusion imag-
ing, CBV and CBF can be quantitatively and qualitatively assessed. In the recent
past, this was performed with a nuclear SPECT flow study during a rest and
“challenge” phase following the administration of Acetazolamide. This same prin-
ciple also can be utilized with O-PET where the oxygen extraction differences
pre- and post-challenge permit calculation of cerebral vascular reserve (CVR) [64—
66]. It has been shown that CVR inversely correlates with stroke risk. Low CBV
measurement by either CT or MR appears to correlate with reduced CVR and
increased stroke risk [67, 68]. Compared with other examinations, CT and MR are
becoming more widely accepted for functional assessment of the at-risk brain tissue
because they are more widely available than PET, have better resolution than SPECT,
and have overall shorter study times compared to nuclear imaging in general.

Triaging Patients for Thrombolytic therapy

Since the advent of reperfusion therapies, acute ischemic stroke has been trans-
formed from incurable and nonurgent to most emergent and critically treatable. As
discussed above, the ability to treat acutely ischemic tissue has impelled physicians
to develop a method by which they could distinguish viable from nonviable brain
parenchyma.

Current clinical practice in the United States is based on the 1996 FDA approval
of intravenous (IV) rtPA therapy. Once cerebral hemorrhage has been excluded
using NCCT, the drug is administered, preferably within 1 h and no later than 3 h
after symptom onset. As a part of accepted protocol, acute stroke must obtain the
NCCT within 25 min of admission and expert interpretation within the next 20 min
(45 min “door-to-interpretation” time) [69]. Recent increases in public awareness,
faster emergency medical response, and establishment of dedicated stroke centers
have resulted in 19-60 % of admissions arriving at treatment centers within 3 h of
symptom onset.

Despite these efforts, only 3-8.5 % of ischemic stroke admissions qualify for
rtPA therapy [70-72]. Because of the small numbers of acute stroke patients quali-
fying for treatment within the current 3-h limit, interest in expanding the treatment
window has been growing if it can be shown not to increase the risk of hemorrhage.
A pooled risk-benefit analysis of existing rtPA trials using NCCT scan for the exclu-
sion of hemorrhage has suggested that rtPA may be safe in some patients out to
4.5 h after stroke, but the FDA and ASA recommendations have not yet been
modified to include this expanded treatment window in published guidelines.
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The American College of Radiology (ACR) appropriateness criteria may change in
the very near future as the results of these studies and trials become conclusive.

There is growing evidence that intra-arterial (IA) thrombolytic delivery and
mechanical clot extraction methods are beneficial either alone or with IV rtPA ther-
apy in patients who fall outside the 3-h limit or who have large-vessel occlusion or
larger clot burden. They may be at a higher risk of hemorrhage, however.
Furthermore, complexities of organizing these later stage therapies have limited
their widespread adoption in general [73-75, 76].

Many centers now routinely perform CT perfusion, but currently there is no clear
consensus on whether the information obtained from CTP should be used to guide
intravenous (IV) or intra-arterial (IA) therapy. MR perfusion and diffusion imaging
could be performed instead, but unfortunately this technique is time-prohibitive and
not universally available on a 24 h/7days a week basis. Furthermore, contraindica-
tions listed previously (Table 1.3, Chap. 1) may preclude patients from having an MR.

It should be noted that in addition to NCCT to exclude acute hemorrhage in new
onset stroke patients, previously described multimodality MRI and CT studies also
may be useful to confirm the diagnosis, classify the subtype of stroke, demonstrate
lesion location, identify vascular occlusion, and guide other management decisions
both within and beyond the 3 h period. Currently, however, ASA and others’ guide-
lines specifically recommend that emergency IV rtPA treatment within the 3 h win-
dow not be delayed in order to obtain multimodality imaging studies and furthermore
that treatment not be withheld on the basis of either negative or additional positive
MR or CT findings, other than acute hemorrhage [77-81].

Intracranial Mass Lesion

While the discovery of an intracranial mass lesion may be incidental, patients can
present with focal or non-focal neurologic deficits. Signs or symptoms may range
from headaches, seizures, syncope, to change in mental status. Clinical history
along with imaging can provide a framework for proper categorization of the dis-
ease process. General categories for possible etiologies of an intracranial mass
lesion include infectious, inflammatory, traumatic, vascular, or neoplastic. Contrast
utilization is often quite helpful not only in characterizing the disease process but
also evaluating the full anatomical extent of disease. While the role of imaging ini-
tially was limited to providing anatomic details, the present role is to provide func-
tional information through a vast array of modalities such as perfusion, diffusion,
MR spectroscopy, and PET [82]. Sophisticated imaging techniques allow insight
into such processes as the free movement of water molecules, microvascular integ-
rity, chemical composition, and glucose metabolism of the lesion. Merging the mor-
phologic and functional information gained from these advanced imaging techniques
can then provide a more comprehensive assessment of the lesion so that we may
better understand its physiology and in turn predict its behavior (Fig. 2.5).
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Subarachnoid Hemorrhage

Since CT is highly accurate for the diagnosis of acute hemorrhage, it has been the
mainstay in emergent evaluation of acute intracranial bleeding, especially subarach-
noid or parenchymal hemorrhage, both of which are associated with high morbidity
and mortality [83, 84]. In the case of SAH caused by aneurysms, the high morbidity
rate is partly due to a high likelihood of re-bleeding. Early surgical intervention or
intravascular coiling is recommended to reduce morbidity. Before therapy can be
undertaken, a cerebral angiogram is required to define the aneurysm’s location and
morphology. Studies show that catheter-based angiography has approximately 90 %
sensitivity in detecting an aneurysm. This sensitivity, however, decreases to approx-
imately 80 % in the setting of SAH resulting from small aneurysm size or in the face
of aneurysm thrombosis, local vasospasm, or an incomplete study [85, 86].
Traditionally, non-visualization of an aneurysm on the initial scan from any of the
above reasons warranted a follow-up catheter-based repeat angiogram 1 week after
the initial examination. The clinician should be aware that the cost and risk to obtain
the additional 1-2 % diagnostic yield has been debated [87].
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Today, clinical practice has shifted toward initial NCCT for SAH detection and
if found immediate CTA for aneurysm detection. Studies have shown that CTA has
overall detection sensitivities of 85-95 % for aneurysms greater than 2 mm in diam-
eter [88-90]. Today, treatment of intracranial aneurysms following SAH is increas-
ingly based on CTA alone [91, 92]. In addition, the appearance of new neurologic
changes suggestive of post-SAH vasospasm, ischemia, or hydrocephalus is increas-
ingly investigated with transcranial Doppler (TCD) and CT imaging with CTA and
CTP. Catheter angiography and 1231-IMP SPECT are used less frequently than in
the past [85, 93-98].

Aneurysm Screening

In the absence of predisposing risk factors such as family history, polycystic kidney
disease, connective tissue disorder, or collagen vascular disease, the need to screen
the general population for aneurysms is debated. Proponents raise concerns over the
cumulative long-term risk of morbidity and mortality from SAH, particularly for
aneurysms larger than 2.5 cm. When this is weighed against the relatively low risk of
clipping and coiling unruptured intracranial aneurysms, data suggest that there may
be a clinical role for prophylactic aneurysm screening [99, 100]. Those against cath-
eter-based angiographic screening raise concerns about the thromboembolic compli-
cation risk from the procedure and argue that screening is not cost-effective. MRA
and CTA offer an alternative cost-effective and noninvasive option [95, 101, 102].

To date, individuals with a history of aneurysm or SAH in a first-degree relative
have been considered candidates for screening [103]. Screening patients with a
positive family history using MRA or CTA may be appropriate, but its impact on
patient outcome is questionable thus far [103].

Vascular Malformation

Vascular malformations, including AVM, pial arteriovenous fistulae, and cavernous
hemangiomas in younger patients, as well as dural fistulae in older individuals, can
give rise to parenchymal hemorrhage. Diagnosis, assessment of risk for future hem-
orrhage, and effective treatment planning are predicated on the determination of the
lesion size, location, pattern of venous drainage, and the presence of an intra-nidal
aneurysm [104, 105]. After an acute hemorrhage, patients may be evaluated with
intra-arterial angiography. If the case is complicated, MR can provide soft tissue
detail and visualization of associated parenchymal injury. Time-resolved dynamic
CE-MRA imaging has been utilized to provide a noninvasive option, but its capa-
bilities fall short in the evaluation of high-flow AVMs. It may play a role, however,
in follow-up of partially embolized lesions. Baseline and follow-up MR may be
useful for incompletely embolized malformations or as a noninvasive, low-risk
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means of identifying ischemic complications and assessing response to therapy in
patients undergoing stereotactic radiosurgery [106]. Currently, only CTA performed
using dual-source, flat-panel, and wide-detector scanners provide adequate tempo-
ral resolution for noninvasive evaluation of AVM with CT [45, 107].

Treated Aneurysm Follow-Up

Treatment of intracranial aneurysms has evolved in recent years toward greater use
of endovascular coil embolization instead of or combined with surgical clipping
[87, 108, 109]. Catheter digital subtraction angiography (DSA) is used to identify
incomplete occlusion as part of routine follow-up-treated aneurysms. CTA is ham-
pered by star artifact produced by the aneurysm clip and/or coils. Recently, interest
has arisen in using TOF MRA for this purpose. Although routine TOF MRI is also
prone to artifact from susceptibilty, dephasing, turbulent flow, and T1 saturation
signal loss, these shortcomings are being mitigated quickly with newer imaging
sequences. Experience on higher field (3 T) MR scanners suggests that TOF MRA,
CE-MRA, and post-contrast volumetric techniques compare favorably with catheter
DSA [110, 111]. Safety clearance for ferromagnetic devices should be obtained
from published sources or device manufacturers before attempting MRI [112].
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Chapter 3
Cardiothoracic Imaging

Robert M. Steiner, Chandra A. Dass, and Scott A. Simpson

Introduction

Diseases that involve the heart, lungs, pleura, and mediastinum present with a vari-
ety of acute signs and symptoms. A number of imaging technologies are integral to
the diagnosis and management of acute thoracic disease. Some, such as the chest
radiograph, are as old as the field of radiology itself. Others, such as nuclear imag-
ing and ultrasonography, are more recent in development, but today are considered
mature modalities. Still others, including computed tomography (CT) and magnetic
resonance imaging (MRI), have grown in importance in recent years because the
quality of images from these modalities has improved markedly. As a result the
number of applications to which they are applied also has expanded greatly, in some
cases displacing other imaging modalities as the first line modality. Regardless,
each imaging modality has unique advantages, limitations, and indications resulting
in development of increasingly complex clinical algorithms for their appropriate
application. Furthermore, the relative cost, potential complications, and radiation
dose of each of these modalities impact their utilization.

Chest Radiography

The standard two-view erect radiographic study of the chest is typically the starting
point for evaluation of thoracic pathology. This study includes both posterior-
anterior (PA) and lateral (LAT) projections. Other specialized views, including api-
cal lordotic, decubitus, and oblique projections, are used occasionally. For example,
the apical lordotic projection better visualizes the lung apices than a standard PA
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view, and lateral decubitus views show whether fluid in the pleural space is loculated
or free-flowing.

When a patient is too ill to be positioned for a standard two-view chest study, a
portable chest study (PCR) in the anteroposterior (AP) projection may be obtained
instead. Portable radiographs generally are poorer in quality than standard two-view
examinations because the X-ray generators used on portable machines are less pow-
erful than standard stationary generators; patients may not be able to suspend respi-
ration for the duration of the exposure and patient positioning for the study is not
standardized. This means that the PCR may not show either anatomy or pathology
in a reproducible fashion. Obtaining diagnostic studies of unstable or uncooperative
patients and in those who have numerous life support lines and catheters also pres-
ents unique challenges that lead to reduced diagnostic quality [1]. Nevertheless, this
technique is used frequently in the care of acutely ill or immobilized patients.

Computed Tomography

CT uses X-ray to create cross-sectional images. Volumetric CT, the current state of
the art, is performed by moving the patient through the machine’s gantry at a con-
stant speed as imaging data is acquired usually within a single breath-hold [2, 3].
This technique is known as multidetector computed tomography (MDCT) and has
enabled rapid image acquisition of large volumes of tissue. This means that CT can
reimage a patient in different vascular phases after a single intravenous contrast
bolus. Although MDCT has broadened the indications for CT, it also has led to a
dramatic increase in radiation dose on a per study basis, not just for thoracic indica-
tions but for all body organ systems. Increased radiation raises concern for increased
risk of cancer induction years after the CT study and is especially concerning in
younger more radiosensitive patients and in those patients studied as part of screen-
ing protocols [4, 5].

Indications for thoracic CT can be broadly divided into clinical scenarios where
more detail is needed to clarify a finding suggested on other imaging modalities,
such as plain radiographs or radionuclide studies, and those in which thoracic dis-
ease is suspected on clinical grounds alone [6] (Table 3.1).

Radionuclide Imaging

Ventilation/perfusion (V/Q) scans are designed to diagnose pulmonary embolism
(PE) and are the most commonly obtained nuclear study of the lungs [7, 8]. It
involves simultaneous imaging of pulmonary blood flow and alveolar ventilation.
According to a recent American College of Radiology Appropriateness Criteria
Committee report, these scans are particularly sensitive for the diagnosis of chronic
pulmonary thromboembolic disease. Today, they are also used to diagnose acute PE
in patients who cannot undergo a contrast CT.
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Table 3.1 Clinical indications for thoracic CT

Abnormal chest X-ray

e Workup of patient with suspected COPD for consideration for lung volume reduction or
transplant

e Assessment of possible aortic dissection, aneurysm, or aortic ulcer

¢ Characterization of diffuse lung disease

Chest X-ray is normal or noncontributary

¢ Identification of unrecognized lung disease in symptomatic patients

¢ Detection of metastatic disease or a suspected solitary pulmonary nodule

¢ Demonstration of pulmonary embolism

¢ Visualization of aortic dissection

¢ Investigation of the patient with fever, hemoptysis, shortness of breath, or wheezing

¢ Clinical disease likely to be thoracic in etiology, e.g., myasthenia gravis, carcinoid syndrome,
or paraneoplastic syndromes

Magnetic Resonance Imaging

Imaging with MR presents unique challenges because of the low inherent MR sig-
nal intensity of lung and the deleterious effects of respiratory and cardiac motion on
MR image acquisition. The tissue-air interfaces in lungs cause image distorting
artifacts and loss of coherent signal. Motion artifact and image ghosting are more
evident in studies performed on high field strength imagers compared with lower
field strength magnets. Although careful manipulation of technical factors such as
cardiac and respiratory gating can improve image quality, pulmonary MR remains
difficult to achieve and for this reason indications for pulmonary MR remain limited
[9]. Nonetheless, because MRI has excellent soft tissue resolution, it is useful for
identification of tumor invasion into the chest wall and mediastinum. It is also useful
to differentiate solid from cystic masses and to demonstrate diaphragmatic abnor-
malities [10].

MRI along with magnetic resonance angiography (MRA) has been shown to
be highly accurate for the diagnosis of thoracic aortic disease, with sensitivities
and specificities that are equivalent to those for MDCT and transesophageal echo-
cardiography (TEE). Velocity-encoded phase contrast flow quantification tech-
niques enable measurement of the differential flow velocity in the true and false
channels and evaluation of aortic valve motion. Since no radiation is involved,
MRI may be preferred over MDCT for patients who require repeated imaging.
MRI is also useful to diagnose various causes of chest pain and may be helpful to
characterize both ischemic and non-ischemic cardiomyopathies such as hypertro-
phic and dilated cardiomyopathy. Infiltrative cardiomyopathy due to sarcoidosis,
amyloidosis, or tumor among other conditions may be characterized by MRI
(Table 3.2).
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Table 3.2 Clinical e Aorta: Aortic dissection, aneurysm, aortitis, coarctation,
indications for thoracic MRI cardiac valvular flow and function
*  Pulmonary arteries: Pulmonary embolism, vasculitis,
pulmonary hypertension
e Lung: Pancoast tumors, neoplastic chest wall invasion
*  Heart: Myocardial and pericardial disease
e Mediastinum: Identification and characterization of
neoplasm

Angiography

In recent years, there has been a shift in the imaging strategy for diseases of the
aorta from invasive catheter aortography to noninvasive approaches. MDCT angiog-
raphy (CTA), echocardiography and MRI are currently the first line imaging tests
for the diagnostic work-up of thoracic aortic pathology.

CT arteriography (CTA) is the most commonly requested diagnostic test for sus-
pected acute or chronic thoracic aortic disease. Because aortic disease is commonly
diffuse or multifocal, the scanning field typically extends from thoracic inlet to the
aortic bifurcation. The imaging field may be extended further to involve the proxi-
mal femoral vessels, if intervention is contemplated. A non-enhanced scan is usu-
ally performed first to look for (a) high-attenuation acute intramural hematoma, (b)
distribution of calcification, and (c) as a baseline to access enhancement of the aor-
tic wall and para-aortic tissue. After rapid IV injection of iodinated contrast for the
CTA portion of the study, images are acquired during patient “breath holding” to
reduce respiratory artifacts. Electrocardiographic (ECG) gating is commonly used
to reduce cardiac motion artifacts, particularly when evaluating the ascending aorta.
In addition, ECG gating can facilitate visualization of the proximal coronary arter-
ies. Electrocardiographic gating is turned off at the diaphragm to reduce both
breath-hold time and radiation dose. Two dimensional (2D) and three dimensional
(3D) reformatting techniques, such as multiplanar reconstruction (MPR), maximum
intensity projection (MIP), volume rendering (VR), and direct endoluminal view-
ing, are used according to the clinical indications for the study (Table 3.3).

Echocardiography

The primary role of transthoracic echocardiography (TTE) is to image the aortic
root and ascending aorta. It does not consistently visualize the mid or distal ascend-
ing or the descending aorta. TEE has higher sensitivity and specificity than TTE
[11]. TEE can visualize more of the aorta wall than TTE, but it may not visualize
the distal ascending aorta, proximal arch, and the proximal abdominal aorta. TEE
can be performed both at the bedside with the patient under sedation and
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Table 3.3 Advantages Advantages
and disadvantages of CT 1

. . Easy availability, most often within or near the emergency
angiography

department

2. Short imaging time, easy patient monitoring while scanning

3. Ability to image the entire aorta and its branches as well as
organ perfusion

4. Ability to study the aortic wall, and periaortic tissues

5. Evaluate the rest of the chest and abdomen for a possible
alternative diagnosis

Disadvantages

1. Motion artifact may mimic aortic pathology

2. Image degradation by implanted devices, catheters, and leads

3. Exposure to ionizing radiation and IV iodinated contrast

intraoperatively. Ultrasound does not expose the patient to radiation and no injection
of contrast material is necessary. Beyond establishing the presence of aortic pathol-
ogy, echocardiography can also be used to evaluate concomitant cardiac disease.
Given the semi-invasive nature of TEE, MDCT scan is favored for the routine
imaging of stable patients.

Clinical Scenarios

Shortness of Breath

Shortness of breath (dyspnea), whether acute or chronic, most often is either pulmo-
nary or cardiovascular in etiology. Frequent cardiovascular causes of dyspnea
include acute coronary syndrome (ACS), congestive heart failure, and a variety of
cardiomyopathies. Pulmonary etiologies include chronic obstructive pulmonary
disease (asthma, emphysema, and chronic bronchitis), pulmonary hypertension,
pneumothorax, PE, airway obstruction, and interstitial lung disease [12].
Distinguishing clinically between cardiovascular and pulmonary etiologies can be
difficult. At times, disease involving both systems may contribute to a patient’s
shortness of breath.

Chest radiography and ECG are usually the initial studies of choice in the workup
of a patient with acute shortness of breath [13]. The results of these studies can help
to direct further workup. MDCT is currently the best imaging tool to assess diffuse
lung disease, especially when clinical evaluation and laboratory studies as well as
plain film radiographs are non-diagnostic [14, 15]. In some cases performing the
study prone and/or in the expiratory phase may be helpful to evaluate the pattern of
air trapping. Many conditions such as bronchiectasis, emphysema, sarcoidosis, and
lymphangetic spread of neoplasm have characteristic imaging features on MDCT
that permit a specific diagnosis or at least a limited differential, even when the chest
radiograph is normal [16]. Computed tomography is the most sensitive technique
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for the identification of emphysema in cigarette smokers and can provide unique
phenotypic information in COPD [17].

Contrast enhancement is useful to assess many cases of acute dyspnea because it
can help to identify vascular etiologies such as PE, aortic dissection, and coronary
artery disease. ECG gating is essential for the evaluation of both dissection and
coronary artery disease because cardiac motion causes artifacts that limit the diag-
nostic capabilities of CT.

Pneumothorax

Pneumothorax is defined as collapse of all or part of a lung replaced by air in the
pleural space. Pneumothorax may be primary without an identifiable cause or sec-
ondary to an iatrogenic procedure, trauma, or underlying lung disorders such as
interstitial lung disease or emphysema. Since the advent of CT, most primary pneu-
mothoraces have been shown to arise from rupture of small apical blebs that are not
apparent on chest radiographs. A tension pneumothorax, because of the increased
pressure in the pleural space on the side of the pneumothorax, causes mass effect on
the cardiomediastinum and displaces it toward the contralateral hemithorax.

Because of lower cost, radiation, and ready availability, a chest radiograph is
most commonly used to diagnose a suspected pneumothorax (Fig. 3.1). The sensi-
tivity of radiographs for the detection of pneumothoraces is greatly influenced by
patient positioning. Whenever possible, an upright PA view of the chest should be
performed. This allows air not contained by loculations to track superiorly toward
the lung apex such that the classic appearance of a visceral pleural line can be
detected. If the radiograph fails to show the pneumothorax, a lateral decubitus
(affected side up) or upright expiratory views can be acquired. It should be noted
that the use of expiratory radiographs is controversial and when used alone can limit
chest X-ray interpretation by creating false linear opacities. CT is the gold standard
for the diagnosis of a pneumothorax with near 100 % sensitivity, but it gives a
higher dose of radiation, costs more, and is not as available as radiography.

Unstable patients or those debilitated by trauma may not be able to tolerate a
standard PA chest radiograph. In these cases a portable AP view of the chest may be
performed at the bedside [18]. Should the patient remain in a fully upright position,
little is lost in terms of sensitivity. The sensitivity for detection of pneumothorax on
supine or semi-recumbent films decreases to around 28 % compared with 92 % on
a fully upright PA view of the chest. This is the consequence of air tracking to the
anteromedial pleural space when a patient is recumbent.

An occult pneumothorax is one that is not seen on conventional radiographs and
only detectable on more advanced imaging. By comparing CT with supine AP
radiographs in patients who have had trauma, the incidence of occult pneumothorax
has been calculated to average approximately 5 %. The incidence varied consider-
ably, ranging from 4 % in injured children, 22 and 17 % percent in blunt and pene-
trating trauma, and 64 % in multi-trauma intubated patients [19, 20].



3 Cardiothoracic Imaging 57

Suspected

Pneumothorax

Obtain CXR

v v

> Positive Negative
7 Initial CXR =~ | [ | intial oXR
semirecumbant or | < > '
) upright
supine
TREAT IF
SYMPTOMATIC l l

Clinical
suspicion
for PTX

Medium or

High Low Follow up as

clinically indicated

v v

Decubitus Negative but Gold Standard:
or upright suspicion  [—¥»| Noncontrast CT
views remains high Thorax

Fig. 3.1 Evaluation of pneumothorax

Thoracic Trauma

After head and musculoskeletal injuries, thoracic trauma is the leading cause of
morbidity and mortality, particularly in younger individuals. In a series of 24,000
patients with multiple injuries at a Level 1 trauma center, 70 % included CNS inju-
ries, 90 % musculoskeletal injuries, and over 50 % thoracic injuries [21]. The major
causes of thoracic trauma include blunt trauma typically related to a fall, crush
injury, explosion, or most commonly a motor vehicle accident. In 2001, for exam-
ple, 45 % of blunt traumatic injuries were related to MVA [22]. Penetrating trauma
is usually caused by knife or bullet injuries. These cause focal lung and soft tissue
damage such as laceration, pneumothorax, pneumatocoele, pulmonary contusion,
tracheobronchial, vascular, cardiac, and pericardial injury [23].

The plain chest radiograph is usually the first study performed for thoracic
trauma. Since the plain chest X-ray is usually performed in the recumbent position,
life -threatening injuries such as cardiac bruise and aortic rupture leading to pseu-
doaneurysm may be difficult to identify. For these reasons CT has become the study
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of first choice in patients with both blunt and penetrating multiple organ system
trauma. As the spatial and temporal resolution of CT has improved, the rationale for
performing radiographs first has waned [24, 25].

Diaphragmatic Injury

Although diaphragmatic tears can occur as a result of penetrating trauma, most
diaphragmatic injuries are associated with blunt trauma of the chest and abdomen.
In one series, 3—6 % of patients with blunt trauma developed a tear in one or both
diaphragmatic leaflets [26]. Possibly because of the protective nature of the liver,
diaphragmatic ruptures are much more common on the left than the right side.
Because of the geometry of the diaphragmatic muscle, lateral impact is a greater
source of rupture than frontal or posterior injuries [27].

Plain radiographs may suggest the diagnosis of diaphragmatic tear or rupture
because of diaphragmatic elevation, flattening of the costophrenic angle, superior-
medial shift of the dome of the diaphragm, pleural effusion, or herniation of abdom-
inal contents into the thorax with associated atelectasis. MDCT with reformatted
images in the coronal and sagittal plane will show the diaphragmatic defect accu-
rately and so confidentially establish the diagnosis of rupture. Occasionally when
the MDCT does not diagnose the suspected defect, MRI is used. It is essential to
recognize a diaphragmatic rupture because of greater than 15 % mortality rate asso-
ciated with acute rupture and possible complications of massive bleeding, bowel
obstruction, strangulation, or cardiovascular compression [26].

Sternal Injury

Sternal fractures occur in up to 4 % of patients with severe blunt trauma. They most
often occur near or at the angle of Louis and may be associated with a retrosternal
hematoma. Because of the orientation of the fracture it will be best demonstrated
with a lateral chest X-ray or by CT. Sternal fractures may be associated with ante-
rior rib fractures, cardiac contusion, pericardial herniation, hemopericardium, and
aortic or other vascular injury [28].

Tracheobronchial Rupture

Tracheobronchial injury can occur in up to 3 % of patients from sudden tissue com-
pression related to high velocity blunt trauma, such as a steering wheel injury. The
usual sites of rupture are the main stem bronchi in 90 % and the distal trachea in
10 % of patients. Findings that suggest the diagnosis of bronchial rupture include
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pneumomediastinum, tension pneumothorax, and subcutaneous emphysema.
Deformity of the involved airway and downward displacement of the detached lung,
also termed the “Falling Lung Sign,” are strong clues to the diagnosis. Although the
diagnosis of tracheobronchial rupture can occasionally be made on plain radio-
graphs, MDCT is preferred since the tracheobronchial tree can be reconstructed in
multiple planes and CT is more sensitive to detect ancillary findings [29, 30].

Acute Thoracic Aortic Injury

The majority of cases of acute aortic injury occur in patients with multisystem
trauma, most often motor vehicle accidents. Nearly, 80-90 % of all patients with
aortic laceration have a complete tear through the wall of the aorta and exsanguinate
and die at the scene of the accident or at the hospital before initiation of treatment
[30]. Patients who survive to be imaged often have partial aortic tears with intact
adventitia, resulting in a contained rupture or minimal aortic injury affecting only
the intimal layer of the aorta [30].

The vast majority of traumatic aortic tears occur at the aortic isthmus, within
2 cm. of the origin of the left subclavian artery. Traumatic injuries to the ascending
aorta have a high acute mortality rate and so are uncommonly seen on imaging.
These usually occur just distal to the aortic valve and often coexist with myocardial
contusion, aortic valve rupture, and/or hemopericardium. Traumatic involvement of
aortic arch and branch vessels is also less common, but potentially fatal. The extent
of branch vessel injuries, like aortic injuries, ranges from subtle intimal injuries to
complete transection and contained rupture. Mid and distal descending thoracic aor-
tic involvement is uncommon, often occurring near the diaphragmatic hiatus.

A portable supine chest radiograph should be obtained initially to identify life-
threatening lesions requiring immediate intervention, e.g., massive hemothorax or
tension pneumothorax (Fig. 3.2). Another reason to obtain a chest radiograph is to
diagnose a mediastinal hematoma, which may suggest a significant vascular injury.
A widened mediastinum is the most common finding associated with mediastinal
hematoma, others include blurring of the aortic outline, loss of the aortopulmonary
window, left apical pleural cap, and right tracheal deviation. Unfortunately, a wid-
ened mediastinum on a portable chest radiograph is neither sensitive nor specific for
acute aortic injury. Thus, a more definitive diagnostic test should be performed,
regardless of the chest radiographic findings.

MDCT/CTA is currently the diagnostic test of choice for the definitive evaluation
of acute aortic injury. The imaging protocol is similar to that for aortic dissection.
Aortic injury is diagnosed using both direct and indirect signs. The most common
indirect finding is a mediastinal hematoma. Periaortic hematoma that is contiguous
with the aortic wall is an indeterminate finding for the source of bleeding and so the
possibility of an aortic tear should be investigated further. Direct signs of aortic
injury include intimal flap, pseudoaneurysm, focal contour abnormality, intramu-
ral hematoma, mural thrombus, and abrupt change in Iluminal caliber
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(pseudocoarctation). Direct findings are usually definitive, and unless there are
extenuating circumstances, no additional imaging is necessary. If the aortic adven-
titia is breached, frank active extravasation of contrast from the aortic lumen is seen,
but this is a rare imaging finding and often portends impending exsanguination.

Minimal aortic injuries, e.g., intimal flaps, are better visualized using high-
resolution diagnostic techniques and multidetector scanners. In contrast to more
severe aortic injury, in-hospital mortality from minimal aortic injury usually is not
related to the aortic injury itself, and so these injuries may be amenable to conserva-
tive management. Nevertheless, close imaging surveillance to detect an adverse
course of a minimal aortic injury is mandatory [31].

Acutely, MRI has a limited role in trauma patients because of logistical issues.
MRI and MRA may have value once patients are stable when surgery is contem-
plated and minimal or equivocal intimal injuries are present. Of course, MRI elimi-
nates the problem of radiation exposure in younger trauma victims [32].

When both MDCT and intra-arterial aortographic studies are inconclusive, intra-
vascular ultrasonography (IVUS) can be helpful to diagnose traumatic aortic injury.
It is invasive, requiring arterial puncture, and thus is ideally performed concurrently
in association with catheter aortography. IVUS is an operator- and experience-
dependent modality, and complete evaluation of the aorta can be time-consuming.
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TEE is another modality that can be employed to evaluate the aorta when MDCT/
CTA or intra-arterial aortographic studies are equivocal. TEE is widely available,
minimally invasive, and can be performed quickly at the bedside or in the operating
room. Since TEE is performed in real-time, the aortic valve, sinotubular junction,
and ascending aorta can be evaluated to a much better extent with TEE than with
MDCT [33].

Pericardial and Cardiac Trauma

Injury to the heart and/or the pericardium occurs in more than 2 % of serious chest
trauma following a motor vehicle accident resulting from high energy impact fol-
lowed by rapid deceleration [34]. Pneumohemopericardium, cardiac herniation,
myocardial contusion, valve leaflet tear, aortic rupture, and ventricular septal defect
have been described. While radiographs may show a sudden change in the size of
the cardiac silhouette, CT with intravenous contrast is the preferred modality for
diagnosis when pericardial or cardiac CT is suspected.

Imaging the Patient with Fever

While there are many causes of fever in the acute setting, pulmonary etiologies are
particularly common. Viral, bacterial, and fungal infections, tuberculosis, tumor
and noninfectious inflammatory conditions such as collagen-vascular disease, med-
ications and illicit drugs such as cocaine, and heat exhaustion are among the many
sources of respiratory-induced fever.

The role of the radiologist is to confirm the presence of an acute pulmonary
abnormality and, if possible, narrow the differential diagnosis. Typically, plain
radiographs suffice for this purpose. Lateral decubitus films may be helpful when
pleural fluid is suspected but not confirmed by the PA and lateral projections.
Decubitus views are especially important when an erect frontal and lateral examina-
tion cannot be performed. If the pneumonia is refractory to treatment or is suspected
to be secondary to another source of pathology, e.g., neoplasm obstructing a bron-
chus, a CT scan of the thorax may be of value. CT scanning is also useful when a
cavity is identified and a mycetoma is suspected. Furthermore, CT is useful in the
diagnosis and staging of empyema, septic emboli, and fistulous tracts as one might
see in actinomycosis or tuberculosis. Otherwise, the majority of pneumonias can be
diagnosed and followed using standard radiographs. The frequency of and require-
ment for the performance of follow-up chest radiographs depend on the patient’s
clinical status. In routine cases if the patient is recovering with cessation of fever
and respiratory complaints, no further films are needed. On the other hand, some
patents such as those with altered immune status should be followed at least monthly
until the infiltrate has resolved [32].
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Imaging the Patient with Hemoptysis

Although in most cases true hemoptysis, that is blood originating from the
tracheobronchial tree and not the nasopharynx or GI tract, is not massive or life-
threatening, it may be the harbinger of significant pathology. Common causes of
hemoptysis include bronchitis (29 %), bronchogenic carcinoma (<29 %), bronchi-
ectasis (25 % of patients), pneumonia (<20 %), pulmonary emboli (10 %), CHF
(5 %), and vasculitis (<5 %) [35].

Controversy exists over the most efficacious diagnostic pathway to identify the
etiology of hemoptysis. If a chest radiograph is unrevealing, both bronchoscopy and
CT have been considered the next procedure of choice. On the one hand, bronchos-
copy not only can provide direct visualization of the cause of the hemoptysis, but it
also permits biopsy at the time of the procedure. If the bleeding is substantial, how-
ever, the airways may be filled with blood making bronchoscopic evaluation of the
distal airways difficult. CT is noninvasive and is more likely than bronchoscopy to
detect the underlying etiology of the bleeding [34]. In a study of 80 patients with
large amounts of hemoptysis by Revel et al., the chest X-ray was normal in 13 %,
revealed the cause of bleeding in 35 % and the site of bleeding in 46 %. CT was
more efficient than bronchoscopy at identifying the etiology of the bleeding (77 %
vs. 8 %) whereas the two modalities were comparable in identifying the site of
bleeding [34]. The authors suggested that chest CT should replace bronchoscopy as
the first line procedure for the evaluation of large amounts of hemoptysis.

The Solitary Pulmonary Nodule

The most important clinical question regarding a solitary pulmonary nodule (SPN)
is whether or not it represents a malignancy [36]. An SPN is an opacity of less than
3 cm in diameter surrounded by normal lung parenchyma without associated atelec-
tasis, pleural effusions, or adenopathy on chest radiography. Often, an SPN is dis-
covered incidentally on radiographs obtained for other reasons. Because CT has
better resolution than chest X-ray, an SPN can be characterized with CT as solid,
mixed, semisolid, or ground glass. The presence of calcification and cavitation may
also be seen to advantage with CT (Fig. 3.3).

Only two imaging features of an SPN clearly exclude malignancy: a benign cal-
cification pattern within the nodule and a solid lesion that is stable over a 2-year
period. A ground glass or mixed lesion may represent adenocarcinoma in situ or
bronchioalveolar carcinoma, which may show imaging stability for 2 years but then
occasionally may exhibit later growth. Since other characteristics such as irregular
borders, cavitation and shape do not exclude or definitively characterize an SPN as
malignant, most lesions remain indeterminate.

Lesion size is a valuable indicator or possible malignancy. An SPN larger
than 1 cm in diameter is much more likely to be malignant than a smaller nodule.
A lesion of 6 mm is 30 times more likely to be benign than one that is larger [35].
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The rate of growth of an SPN is also important. The typical lung cancer will double
in volume in 4.2-7.3 months depending on cell type. A few will take up to 24
months and a few will double in as little as 1 month. Doubling times of less than 1
month suggest inflammatory disease, aggressive lymphoma, or aggressive metasta-
ses. Doubling times greater than 18 months suggest granuloma, carcinoid, hamar-
toma, or rounded atelectasis.

Positron emission tomography (PET) combined with CT has been used mainly
in lesions larger than 7 mm in diameter. PET/CT may suggest malignancy when the
FDG levels are elevated sufficiently. Certain types of adenocarcinoma and typical
carcinoids have low FDG levels and may be confused with benign disease. An
inflammatory SPN may have elevated FDG and be confused with low-grade malig-
nant lesions. Thus, PET/CT is useful but not foolproof for the diagnosis of malignant
versus benign SPN.
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Table 3.4 Guidelines of the Fleischner Society for follow-up imaging of solitary pulmonary
nodules

Nodule size (mm) Low-risk patient High-risk patient (months)
<4 None 12

4-6 12 months 6-12

6-8 6-12 months 3-6

>8 3, 6, and 12 months or PET/CT or biopsy

Recommendations for CT follow-up of an SPN smaller than 1 cm have been
suggested by the Fleischner Society and have gained widespread acceptance in the
radiology community [37]. A series of screening studies have shown that lesions
smaller than 4 mm in diameter require at most a 1 year follow-up interval. Lesions
larger than 8 mm may require intervention with transthoracic needle aspiration
biopsy, thorascopic biopsy, or PET/CT scanning. These recommendations do not
apply to patients who either have a known malignancy or who are under the age of
35 years (Table 3.4).

Imaging the Patient with Acute Chest Pain

Chest pain is a common and challenging clinical complaint seen in all age groups.
In a recent Center for Disease Control and Prevention Survey, 5.8 million (5.1 %) of
emergency department visits were related to chest pain and represented the second
leading cause for visits to a physician [38—40]. The initial major clinical question is
to determine whether the cause of the chest pain is serious or even life-threatening
such as aortic dissection, ACS, pulmonary embolism, or tension pneumothorax.
This requires determination of the source of the chest pain: whether cardiac or non-
cardiac in etiology, related to extra-cardiac vascular structures, the musculoskeletal
system, the gastrointestinal tract, or the lungs.

Task forces of the American College of Chest Physicians and the American
College of Radiology have addressed the problem of diagnosing the etiology of
acute chest pain. They suggest the use of ECG and serum cardiac markers as the first
diagnostic measures. When appropriate, these are followed by chest radiography —
to exclude pneumothorax or pulmonary edema. Echocardiography, V/Q scan, rest-
ing nuclear perfusion scanning, and CTA should be used to exclude pulmonary
embolism and aortic dissection [41, 42]. More recently, CT coronary angiography
has become a major imaging modality to establish the presence or absence of occlu-
sive cardiovascular disease in patients with acute chest pain [43].

Incorrect triaging of patients with serious acute pain is a common problem. In a
study of over 10,000 patients with chest pain and other symptoms, 2.3 % of patients
with unstable angina and 2.1 % of those patients who were later shown to have an
acute myocardial infarction were discharged from the hospital inappropriately. In
addition, many patients were admitted to the hospital for further investigation who
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Fig. 3.4 TIMI risk triaging for acute coronary syndrome

proved not to have serious sources of chest pain and could have been discharged
from the emergency department [44].

Patients with chest pain may be divided into three groups (Fig. 3.4). The first has
clear evidence of an ACS based on physical examination, ECG findings, and a posi-
tive biomarker determination (Fig. 3.5). These patients will be admitted to the hos-
pital for cardiac angiography and intervention procedures. The second category
includes patients whose symptoms are less serious and in most cases these patients
are discharged with symptomatic medication. The third group includes patients
where the clinical profile is less clear cut. They are usually middle-aged individuals
with chest pain that is not clearly cardiac in origin and ECG and laboratory values
that are equivocal (Figs. 3.6 and 3.7). Unfortunately, this last group comprises a
significant proportion of patients presenting with acute chest pain. In these patients,
noninvasive diagnostic imaging such as CT coronary angiography has an important
role in separating those patients with serious cardiac disease from those with chest
pain of other etiologies. Occasionally, radionuclide perfusion imaging, echocar-
diography and, in selected cases, MR are helpful.
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The current generation of MDCT scanners units permits excellent resolution of
cardiac structures. Although they have only one third of the resolution of catheter
coronary arteriography, MDCT can visualize vessels of less than 2 mm in diameter.
Studies show better than 80 % specificity for the determination of abnormal coronary
artery morphology compared with intra-arterial coronary arteriography [45, 46].

CT without contrast enhancement can be used to quantify calcium load and
hence the severity of atherosclerosis in the coronary arteries. This examination is
used primarily for screening and shows good correlation with the incidence of sub-
sequent acute cardiac events. An absence of coronary calcium has a high negative
predictive value for the prediction of significant coronary artery disease [47].
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There are several approaches to evaluate chest pain of potential cardiac origin.
One is to perform a coronary CTA as soon as the clinical and laboratory assessment
suggests that coronary CTA will help to determine whether to admit or discharge the
patient. In a second scenario, coronary CTA is performed after the decision has been
made to admit the patient. In one study by Goldstein et al. of 197 patients at low risk
for ACS, coronary CTA was able to exclude or include coronary artery disease as
the source for the chest pain in 75 % of patients. The remaining 25 % needed addi-
tional studies because of intermediate severity coronary lesions or non-diagnostic
scans [45]. A third approach is to perform a comprehensive or global assessment of
the thorax (triple rule out CT study) while the patient is in the Emergency
Department. This CT examination uses a protocol that allows for near optimal visu-
alization of the coronary arteries, the aorta, and the pulmonary vasculature in a
single study to determine whether coronary artery disease, PE, or aortic dissection
is present. It requires a higher radiation dose, longer exposure time, and more con-
trast material than a conventional CT coronary angiogram. In a study by Lee et al.
the triple rule out CT study in patients with acute chest pain had overall sensitivity
of 87 %, specificity of 96 %, positive predictive value of 87 %, and negative predic-
tive value of 96 % [48].

Acute Chest Pain: Suspected Pulmonary Embolism

Because of the strong association between deep venous thrombosis (DVT) and PE,
the diagnostic evaluation of these two entities is considered together (venous throm-
boembolism, VTE). Pulmonary embolism is relatively common, but can be a diffi-
cult clinical diagnosis because its clinical manifestations are nonspecific. As a
result, the diagnosis often is delayed or missed. As a cause of sudden death, massive
PE is second only to sudden cardiac death. In those patients who survive acute pul-
monary embolism, the goal of treatment is to prevent recurrence.

When a pulmonary embolism is identified on CT imaging studies, it can be char-
acterized as acute or chronic. Acute embolus is intraluminal in location, focally
distending the vessel. Chronic embolus is usually eccentric in location, narrowing
the arterial lumen and tapering the vessel diameter. Hemodynamic changes from
pulmonary embolism are related to the embolic load, whether the emboli involve
the central or peripheral vessels and the baseline cardiopulmonary status of the
patient. Chronic pulmonary embolism is an important treatable cause of secondary
pulmonary hypertension.

The imaging evaluation of PE aims to establish an acceptable level of diagnostic
certainty of PE using the least invasive tests to warrant anticoagulant therapy while
excluding other reasons for the patient's symptoms. Evidence-based literature sup-
ports the practice of determining the clinical probability (Wells Criteria) of PE
before proceeding with diagnostic testing. The probability of a patient having PE is
typically determined using a Bayesian approach in which the clinical (pre-test)
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likelihood of PE, based on clinical criteria, is modified by the results of the appro-
priate radiological procedure(s) in order to estimate a post-test probability of PE.
Figure 3.8 illustrates a practical algorithm for evaluating clinically suspected PE in
nonpregnant patients who have no contraindication to intravenous contrast [49, 50].
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D-Dimer Test

A D-dimer test, using quantitative rapid ELISA effectively excludes PE when nega-
tive. D-dimer levels will be elevated with any significant thrombotic process, so this
test has limited value in pregnant, postoperative, post-trauma, hospitalized, and
elderly patients. It is also of limited value in patients determined to be at high risk
of PE by validated clinical criteria. In all other settings, a negative D-dimer test
effectively excludes PE or DVT [51].

Diagnostic Imaging Strategies

Chest Radiograph (CXR): The PA and lateral chest radiograph may reveal an alter-
nate reason for acute symptoms, e.g., pneumonia or a large effusion, but it will not
completely exclude a PE. Regardless, a recent chest radiograph is required for accu-
rate interpretation of a ventilation/perfusion lung scan should one be obtained.

Computed Tomography: MDCT pulmonary angiography (CTA) is now the
primary imaging modality for evaluating patients suspected of having a PE. Multiple
studies have shown that pulmonary CTA is highly sensitive and specific.
Discrepancies between CTA and conventional angiography are mainly at the sub-
segmental level where even angiographers tend to have poor interobserver agree-
ment. Intra-observer and interobserver agreement for CTA is high to the segmental
level and better than with V/Q imaging. Pulmonary CTA also has fewer "nondiag-
nostic" studies than V/Q scans. Outcome studies have shown no adverse outcomes
in patients with a negative CTA who were not subsequently treated [52]. Pulmonary
CTA may also identify prognostically significant cardiac sources of PE, e.g., right
ventricular dysfunction. Moreover, since CTA studies may also diagnose aortic
aneurysms and coronary artery disease, the major alternate causes of acute chest
pain may be diagnosed using triple rule out CT methodology [53].

Ventilation and Perfusion Imaging (V/Q): The role of the V/Q scan for evaluating
suspected PE has diminished considerably with the widespread use of CTA.
Abnormal V/Q findings are categorized as: "high probability," "intermediate prob-
ability" (not meeting the criterion of either "high" or "low"), "low probability"
depending on the number of "mismatched" segments (perfusion defect with normal
ventilation). To interpret the V/Q scan, comparison must be made with a recent
chest radiograph. A normal or near normal V/Q is widely accepted as an indication
that the patient has no PE and therefore no further workup for PE is necessary.

Lower Extremity Deep Venous Ultrasound: Because of the high association of
DVT with PE, US evaluation (duplex Doppler with leg compression and spectral
Doppler) of the venous drainage of the lower extremities is indicated in the evalua-
tion of a patient for potential PE. The presence (or absence) of DVT does not indi-
cate the presence (or absence) of PE, but significantly increases (or decreases) its
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likelihood. As not all pulmonary emboli originate from DVT in the lower extremi-
ties, a negative extremity US study does not exclude PE. A small proportion arises
in the pelvic veins which cannot be visualized by US. Fewer yet arise in the deep
veins of the upper extremity. Positive DVT studies may identify patients who are at
high risk for recurrent PE and so are candidates for IVC filter placement. In most
patients, however, the therapy for DVT, whether or not associated with PE, is identi-
cal to acute PE and consists of anticoagulation. Thus, no further diagnostic evalua-
tion for PE is needed if DVT is identified.

Pregnancy and PE: Pregnancy is associated with a fivefold increase in the preva-
lence of DVT [54]. The risks of teratogenic effects of radiation militate against
high-dose studies during pregnancy. Thus, the usual “first-line” examinations
include a chest radiograph and lower extremity venous ultrasound. If these tests are
non-diagnostic, a “second-line” examination, for example low-dose lung scintigra-
phy or low-dose pulmonary CTA, should be performed. Figure 3.9 illustrates a prac-
tical algorithm for evaluating pregnant patients who are suspected of having a PE.

The safety profile of gadolinium during pregnancy has not been established and
so MR with IV contrast is not performed during pregnancy. In the future, non-
contrast MR pulmonary arteriography may become an attractive alternative to CTA
in pregnant patients. On the other hand, MR venography (MRV) can be performed
without intravenous contrast and is both more accurate than US in the detection of
lower extremity venous thrombosis and better than US in assessing the IVC and
pelvic veins [55].
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Chronic Chest Pain

Many types of pathology cause chronic chest pain. Chronic cardiac-induced chest
pain is among the most life-threatening. Chronic chest pain, by definition, is dis-
comfort that does not change in duration and intensity over time. This distinguishes
chronic pain from ACS, pain from acute myocardial infarction, pain related to pul-
monary embolism, and pain from aortic dissection. Common causes of cardiac-
induced chronic chest pain include not only atherosclerotic coronary artery disease,
but also aortic stenosis, non-ischemic cardiomyopathies [56], anomalous coronary
circulation, uncontrolled systemic hypertension [57], microvascular myocardial
disease [58], and pericardial conditions including constrictive pericarditis.

Chronic chest pain of noncardiac etiology is caused most commonly by gastro-
esophageal reflux, esophagitis, and other esophageal conditions [59]. Other causes
of chronic chest pain unrelated to cardiac disease include among other etiologies:
costochondritis, arthritic or degenerative musculoskeletal disease, neoplasm, old
trauma, and pleurisy. Occasionally chronic chest pain may be referred from intra-
abdominal conditions such as pancreatitis or cholecystitis.

The first step in evaluating a patient with chronic chest pain is to determine the
clinical probability that the cause is coronary artery disease. This judgment requires
assessment as to whether the chest pain is typical angina, atypical angina or noncar-
diac pain and comparing these symptoms with the patient’s age, risk factors, and a
variety of laboratory and imaging diagnostic criteria [60].

If the probability of coronary artery disease is intermediate or high, i.e., greater
than 50 % in the clinician’s estimation, the patient should undergo a cardiac evalu-
ation (Fig. 3.7). This usually includes a chest X-ray and a resting EKG as base line
studies followed by stress physiology assessment, either exercise echocardiogra-
phy for myocardial contractility assessment, thallium radionuclide stress examina-
tion, or a stress single photon emission CT myocardial perfusion imaging evaluation
(SPECT) [61]. MRI may also be helpful. A cardiac stress test is designed to pro-
voke perfusion and/or contractility abnormalities. The stress may be exercise- or
pharmacologically induced. Recently, PET has begun to replace SPECT because
of its superior spatial resolution [62]. If a stress-related study is positive, there is a
high probability of significant coronary artery disease, and the patient should be
considered as a candidate for cardiac catheterization [63]. If aortic stenosis or if
pericardial disease is thought to be the etiology of the chest pain, a resting echo-
cardiogram should be performed. Patients, who after stress evaluation have equiv-
ocal results for CAD, should go onto a coronary CTA. This study has the advantage
of ease of performance, high negative predictive value for the exclusion of coro-
nary artery disease, and modest radiation dose when performed with the latest
equipment and techniques [64]. Coronary CTA can also detect a variety of other
cardiac-related conditions, including anomalous coronary circulation, pericardial
disease, coronary bypass graft occlusion, and left ventricular contractility abnor-
malities. If it is done as part of a triple rule out study, pulmonary thromboembolism
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and aortic dissection can be excluded as alternative causes of chest pain. Of course,
both of these conditions are usually causes of acute rather than chronic chest pain.
When echocardiography or radionuclide studies are non-diagnostic or equivocal,
MRI either alone or with dobutamine or adenosine stress may be useful in the evalu-
ation of chronic chest pain. Cardiac MRI without pharmacologic stress is useful to
evaluate valvular and pericardial disease, cardiac neoplasm, and non-ischemic con-
ditions such as hypertrophic obstructive cardiomyopathy and cardiac amyloidosis.
Stress MRI may provide high sensitivity and specificity for the presence of ischemic
myocardial disease by the induction of ventricular wall abnormalities [65].

Chronic Chest Pain of Probable Noncardiac Etiology

Those patients with chronic chest pain whose clinical evaluation and risk factors
suggest a noncardiac etiology should have a standard two-view chest radiographic
study. This can help to exclude a number of conditions including osseous pathology,
lung cancer, and other chest masses. It may also show other diseases whose symp-
toms the patient may interpret as chronic chest pain, e.g., interstitial lung disease,
emphysema, hiatus hernia, pleural disease, and sarcoidosis.

Gastroesophageal reflux disease (GERD) is the most common cause of noncar-
diac chronic chest pain and found in up to 60 % of such patients [66, 67]. In these
patients, a barium study, pH monitoring, or endoscopy are studies of choice. Beyond
a workup for gastroesophageal disease, the imaging algorithm should depend on the
clinical history and the patient’s signs and symptoms. For example, a chest CT
should be obtained to exclude a lung mass in the patient with chest pain, cough, and
weight loss. A bone scan and appropriate X-rays should be obtained in a patient
with a known malignancy and rib pain on palpation. Chronic pulmonary emboli
may be a cause of chest discomfort and in those patients where chronic pulmonary
emboli is suspected a CT pulmonary angiogram, or if the patient has a contraindica-
tion to iodinated contrast, a V/Q study as an alternative should be pursued (Table 3.5).

Table 3.5 Evaluation of chronic non-anginal pain

1. The patient’s risk factors for CAD should be determined

2. Is the chronic chest pain anginal in character?

3. If there is low to intermediate clinical probability for CAD and the chest pain is determined to
be non-anginal, further testing should be based on the patient’s signs and symptoms

4. GERD is the most common cause of noncardiac chest pain, a barium swallow examination,
endoscopy, manometry, or esophageal pH studies may be most appropriate. Imaging may
include assessment for non-coronary artery cardiac disease, e.g., CTA for ventricular
function, echocardiography for valvular or pericardial disease, and/or MRI for infiltrative or
hypertrophic cardiomyopathies

5. If the cause of the chronic chest pain remains an enigma, chest CT may be useful to exclude
lung tumor, chronic pleural disease, and a host of other cardiothoracic conditions
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Thoracic Aortic Aneurysm

About 25 % of aortic aneurysms occur in the thoracic aorta. Of these, approximately
60 % involve the aortic root and/or ascending aorta. The majority of ascending aor-
tic aneurysms are associated with degenerative changes in the elastic layer of the
aorta (cystic medial necrosis), and they are generally fusiform in shape. The combi-
nation of dilatation of the aortic root and the proximal ascending aorta with efface-
ment of the sinotubular junction is termed annuloaortic ectasia. Annuloaortic ectasia
may occur as an isolated condition or as part of a generalized disorder of connective
tissue such as Marfan syndrome.

In contrast, the majority of descending aortic aneurysms are associated with ath-
erosclerosis. They can be fusiform, saccular, or irregular in shape. A major conse-
quence of thoracic aortic aneurysm (TAA) is aortic dissection or rupture (acute
aortic syndrome, AAS). Patients with dissection typically complain of pain radiat-
ing to their back while those with rupture may have similar complaints if the rupture
is contained. The goals of imaging in these patients include measurement of the
maximum diameter, the craniocaudal extent of the aneurysm, aortic branch vessel
involvement, extent of mural thrombus, identification of any impending signs of
rupture, and evaluation of any periaortic pathology [68, 69].

Imaging the Thoracic Aortic Aneurysm

Chest Radiograph (CXR): CXR is insensitive for the detection of small TAA. The
mediastinum may obscure an aneurysm completely, and so the chest X-ray may
appear normal. Of course, CXR is not useful for identification of dissection or
rupture.

Multidetector Computed Tomogram (MDCT): CTA is particularly useful in the eval-
uation of aortic aneurysms. It provides a comprehensive evaluation of the anatomy
of the entire aorta and the renal, mesenteric, and iliac arteries. Non-contrast MDCT
done prior to CTA can show acute hemorrhage into the wall of the aorta in a dissec-
tion. It is excellent at defining the shape and extent of the aneurysm, and its ana-
tomic relationship to the visceral and renal vessels. Disadvantages include cost, use
of ionizing radiation, and the risk of a hypersensitivity reaction to intravenous con-
trast media. High accuracy in sizing aneurysms makes CTA an excellent modality
for serially monitoring changes in aneurysm size [70].

Echocardiography: TTE is a simple inexpensive noninvasive way of studying the
left ventricular outflow tract, aortic root, and the proximal ascending aorta for annu-
loaortic ectasia. TTE can easily detect aortic insufficiency and aneurysms of the
sinus of Valsalva. In stable patients, MDCT or MRI is preferred over TEE, which is
mildly invasive, to image the thoracic aorta that cannot be visualized by TTE. TEE
may be useful in patients who cannot receive intravenous iodinated contrast to show
the aortic wall in greater detail than is possible with TTE [71].
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Magnetic resonance imaging (MRI): MRI and MRA can accurately show the
location, extent, and size of an aortic aneurysm as well as its relationship to branch
vessels and surrounding organs. To avoid high exposure to radiation and multiple
doses of intravenous contrast, MRI is preferred over MDCT/CTA when multiple
follow-up studies are expected (particularly in younger patients) as well as in
patients with compromised renal function.

Catheter Aortography and Selective Arteriography: Intra-arterial catheter aortogra-
phy can delineate the aortic and branch vessel lumen, but does not help in defining
the size of the aneurysm because this technique does visualize only the lumen of the
vessel and not the outer diameter. On the other hand, selective arteriography can
evaluate coronary anatomy, ventricular function by ventriculography, and aortic val-
vular insufficiency. Thus, catheter angiography and aortography can be useful in
treatment planning. Today, because of its invasive nature, this study has become a
backup examination to CTA or is used when therapeutic stenting is contemplated.

Surveillance: Serial Imaging

Patients with aortic aneurysms should have serial imaging to identify signs of impend-
ing or contained rupture. The imaging interval may vary from 6 months to a year. Of
course, if there is a significant increase in aneurysm size from one study to the next,
the interval between studies should be decreased. Note that MDCT and MRI measure
the external diameter of the aneurysm. The resulting measurement is expected to be
0.2-0.4 cm larger than the TTE/TEE measured internal diameter. It is strongly rec-
ommended that the same modality be used consistently for follow-up imaging.

The rate of TAA enlargement varies, and the threshold size for elective intervention
differs depending on the aneurysm’s etiology, location, and associated symptoms:

* Ascending aorta: >4.5 cm for Marfan, >5.5 cm for atherosclerotic aneurysm.
* Aortic arch and descending aorta >5.5 cm.

e Thoracoabdominal aorta >6 cm.

e Growth rate >0.5 cm/year.

e Symptomatic with any size.

After operative repair of an aneurysm surveillance is performed at 1, 3, 6, and 12
months and then annually thereafter. Although the anatomical detail provided by
CT may be better than that of MR in many instances, MRI and MRA are adequate
for surveillance in stable patients [72].

Acute Aortic Syndrome

AAS describes a spectrum of life-threatening non-traumatic acute aortic pathology,
including aortic dissection (AD), intramural hematoma (IMH), and penetrating
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atherosclerotic ulcer (PAU). Each of these conditions can lead to aneurysm formation
and aortic rupture. The clinical manifestations of these conditions overlap. Sudden
onset of severe sharp pain (“aortic pain”) is the single most common presenting
complaint. Pulse deficits and syncope are well-recognized signs often indicating
branch hypoperfusion [73, 74].

Radiography: Chest radiography is performed routinely and can show widening of
the mediastinum, widening and poor definition of the aortic contour, displaced aortic
wall calcification, opacification of the aorticopulmonary window, and pleural effu-
sion. However, 10-20 % of patients have a completely normal chest radiograph.

ECG: An ECG must be performed in all patients with suspected AAS. ECG helps
to differentiate AAS from ACS. These two entities have different therapies with
anticoagulation often indicated in ACS. In contrast, anticoagulation is contraindi-
cated in AAS. Furthermore, both ACS and AAS may coexist.

MDCT/CTA: Catheter aortography, previously considered the test of choice for
AAS, is rarely performed today. MDCT/CTA is currently the most frequently
ordered test for the definitive diagnostic evaluation (Fig. 3.10). Non-contrast CT
should be performed prior to CTA to look for intramural or false lumen acute hem-
orrhage. Typically, this is obscured by contrast administration. In addition, should
ACS be suspected, CTA can be used to evaluate the coronary arteries. CT can assess
the extent of aortic involvement and also depict involvement of visceral and iliac
arteries. Unless the aorta has intimal calcification, differentiation between an aneu-
rysm with mural thrombus and a dissection with a thrombosed false lumen can be
difficult. Currently, CTA cannot assess for aortic insufficiency.
Imaging has the following goals:

e Confirmation of the diagnosis.

* Localization of the origin of an aortic tear.

» Extent and classification of aortic dissection and intramural hematoma.

* Great vessel and side-branch artery involvement.

 Identification of indicators for emergency surgery, e.g., pericardial, mediastinal,
or pleural hemorrhage.

Echocardiography: Echocardiography is the second most commonly used tool in
the initial diagnosis of AAS. TTE is paramount in assessing cardiac complications
of dissection, including aortic insufficiency, pericardial tamponade, and regional
and global left ventricular systolic and diastolic function. TTE is useful in diagnos-
ing proximal aortic dissection, particularly when a type A dissection is suspected in
a patient in shock since TTE may be performed portably at the bedside. TTE is
limited, however, in visualizing the rest of the thoracic aorta.

Although TEE requires esophageal intubation, it is portable and can be per-
formed at bedside. It can show intimal tears and differentiate between the true and
false lumen of the aneurysm. TEE also can identify IMH and atherosclerotic pene-
trating ulcers. TEE requires the use of conscious sedation and should be avoided in
patients with certain esophageal diseases [75, 76].
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CXR, ECG
CPK, Troponins

POSITIVE
(TREAT)

NEGATIVE

Imaging
MDCT, TTE
A
Confirm Dx Rule Out Dx Equivocal

Repeat MDCT,
Repeat TTE

MRI, MRA
Cath. aortogram

Fig. 3.10 Diagnostic imaging algorithm for evaluating patients presenting with pain suspected to
be of aortic origin

MRI: MR is a highly accurate diagnostic tool for detection of acute aortic dissection.
Because of the limited availability of MRI, especially on an emergent basis, and the
issues surrounding patient inconvenience and limited applicability (MRI cannot be
performed on patients with claustrophobia, pacemakers, aneurysm clips, or other
metal devices), MRI is used as a second line diagnostic study when the initial imag-
ing study is inadequate. MRI helps to assess the age of the blood products in the
wall in intramural hematoma. Even without contrast administration, flow in the
false lumen can be analyzed using flow-sensitive sequences. MRI also can be used
to quantitate aortic valve insufficiency and is also the modality of choice for repeated
follow-up studies, particularly in younger patients.
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Chapter 4
Breast Imaging

Robert Bronstein, Dillenia Reyes, and Theresa Kaufman

Breast imaging is a clinical subspecialty within the larger field of radiology. One in
eight American women will develop invasive breast cancer during their lifetime.
According to the American Cancer Society’s estimates, about 232,340 new cases of
invasive breast cancer will be diagnosed in women in 2013, with approximately
40,000 deaths. There are projected to be additional 64,640 new cases of in situ (non-
invasive) breast cancer [1]. Breast cancer is the second leading cause of cancer
death in women behind only lung cancer. In recent years, increased publicity has
made women acutely aware of the risk of developing this disease.

History of Breast Imaging

Efforts to use imaging to evaluate breast disease with radiography began shortly
after Wilhelm Roentgen discovered X-rays. Despite all the efforts over the years,
clinically effective use of mammography was not truly available until the 1960s.
Besides radiography, many other modalities aimed at diagnosing breast cancer have
been tried. Thermography was used in the 1950s purporting to measure heat ema-
nating from breast tumors due to their neovascularity. This modality did not prove
clinically effective, and although recent efforts have been made to reintroduce ther-
mography, its effectiveness has not improved. Although some women still choose
thermography because their breasts do not have to be compressed while performing
a thermogram, it should not be used as a substitute for mammography [2].
Xeroradiography was introduced in the 1970s. In this technique, a plate coated with
selenium rests on a thin layer of aluminum oxide. The X-ray beam passes through
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the breast and strikes the selenium plate, causing a charge distribution on the plate.
Then, as with a paper copier, the image formed on the charged plate is transferred
to paper for display. While xeroradiography produced usable images, it required too
much radiation, and image storage and reproducibility were significant problems.

By 1960s, mammography was considered clinically safe although the radiation
dose to the breast and shielding were not as good as they are today. The radiation
dose currently delivered from a two view analogue mammogram has been reduced
to approximately 2.37 mGY [3], about the equivalent amount of ambient radiation
one receives from the atmosphere in 3 months. At the time the reproducibility,
safety, and relative ease of performance also helped to make mammography a more
viable option.

While mammograms became more available in the 1960s, it took time for its
utility to be understood and utilized by the public. It was not until the mid-1980s
that screening programs started to be promoted and until the 1990s that breast can-
cer awareness exploded with a marked increase in fundraising and cancer research.
From the early 1960s when only 10-15 % of women took advantage of mammog-
raphy, the number of women having yearly screening increased to a high of approxi-
mately 75 % in the early 2000s. As a result of strict adherence to a program of
yearly mammographic screening after age 40, breast cancer deaths in women
between 40 and 50 years of age who are screened have decreased by as much as
26-29 % [4].

The original technique of screen film mammography (analogue) while extremely
useful does have limitations. Penetrating through breast parenchyma, particularly in
dense breasts, is problematic. Dense parenchyma makes it more difficult to see
masses and discern faint calcifications. Compressing the breasts during mammogra-
phy helps improve penetration and makes lesions more conspicuous. Still, analogue
mammography was not ideal.

The need for better techniques led to development of full field digital mam-
mography (FFDM) which is now state of the art. Digital mammography has
slightly worse spatial resolution than analogue mammography, but has much
improved contrast resolution, allowing for better visualization of calcifications.
With a digital display, post-processed magnification is easy and allows a much
closer look at all areas of the breast. In addition, digital images permit computer-
aided detection (CAD) techniques where a computer marks areas in the breast
that it perceives as a mass or calcifications for closer examination after initial
interpretation. The radiation dose with digital mammography has decreased to an
average of approximately 1.86 mGy per study [3]. Digitized images are trans-
ported easily on disc, an aid in our highly mobile society to radiologists who need
to compare all old studies to the current one to make an accurate assessment of the
current study.

The FDA approved tomosynthesis, the next innovation in breast imaging, for
clinical use in 2011. This is essentially a digital tomogram of the breast allowing
review of the mammogram in 1 mm “slices.” Studies are being conducted currently
to assess value of one-view tomosynthesis vs. two-view FFDM vs. one-view
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tomosynthesis in combination with FFDM. One recent study showed that one-view
tomosynthesis had better sensitivity and negative predictive value than FFDM in
patients with fatty or very dense breasts [5].

In the process of attempting continually to improve and refine abilities to diag-
nose breast cancer earlier, an increased ability to diagnose benign conditions confi-
dently was a significant by-product. Today, breast imaging is a vital component of
overall management of breast health and disease, helping to diagnose benign as well
as malignant conditions.

Screening Recommendations

In 2009, the United States Preventive Services Task Force recommended that
women begin having screening mammograms at age 50, with follow-up mammo-
grams every 2 years thereafter. It also stated that breast self-examination should not
be performed [5]. Although an authoritative body, the conclusions of this study
were spurious, the result of a flawed meta-analysis of 20 years of retrospective data.
As aresult, the medical community has rejected the recommendations of this study.

Current breast screening guidelines and recommendations from the American
College of Radiology and American Cancer Society are for women at average risk
for developing breast cancer to have a baseline mammogram at age 40 with annual
follow-up mammograms [1, 6]. Furthermore, these guidelines recommend that
breast self-examination begin at age 20. No age has been specified at which to stop
obtaining yearly mammograms. It had been suggested that yearly mammographic
screening stop at age 85, but today longer life expectancy has made that recommen-
dation obsolete.

There are specific indications to begin breast screening in women before age 40 [7]:

* Carriers of BRCA gene.

e Untested first-degree relatives (mother, sister, daughter) of known BRCA
carrier.

» First-degree relative of a woman diagnosed before menopause with breast can-
cer. Screening should begin 10 years before the age at which the relative was
diagnosed or between the ages of 25 and 30, whichever is later.

*  Women who have received mantle radiation for Hodgkin’s disease.

*  Women with any previous biopsy showing atypical hyperplasia of any type (duc-
tal, lobular, lobular carcinoma in situ).

Additional considerations that may prompt earlier commencement of breast
screening:

» Family history of breast and epithelial ovarian cancer.
e Breast cancer in a male family member.
* At least two family members on the same side diagnosed with breast cancer.
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The Radiologists’ Role

Many women sent for mammograms are very anxious. A commonly held misconcep-
tion is that having a mammogram is painful, and many women need encouragement to
complete the procedure. The need for a breast biopsy magnifies a woman’s anxiety.

Performing interventional procedures is a significant part of the specialty. These
include stereotactic biopsy using mammograms as a guide, ultrasound-guided
breast biopsies, MRI-guided biopsies, fine needle aspirations (FNAs), cyst and
abscess drainage, needle localization of breast lesions as guide to the breast surgeon
and occasional galactograms. This means that the radiologist works in close asso-
ciation with the patient’s surgeon and is an active member of the clinical team. The
radiologist should meet with the breast surgeon and the pathologist on a regular
basis for “concordance conference.” The breast images, pathologic slides, and clini-
cal results of all patients who have had biopsies are reviewed. If pathological results
are not concordant with expected results based on imaging and clinical picture,
rebiopsy (preferably by a different modality) is recommended.

Breast Imaging Tools

Mammography is the gold standard of breast cancer diagnosis. Many other modali-
ties play ancillary roles in the diagnosis of breast disease. These include ultrasound
and magnetic resonance imaging (MRI), neither of which uses ionizing radiation,
molecular breast imaging (MBI, BSGI, scintimammography), positron emission
mammography (PEM), and PET scanning. With some exceptions, these modalities
are rarely used as primary screening tools.

Mammography

Mammography is the primary test used for breast screening and diagnosis. Because
of differences in the appearance of breast tissue from woman to woman and even
side to side in each woman, there is no “normal” mammogram. Every woman’s
baseline mammogram is her normal, and all subsequent mammograms must be
compared to her baseline and subsequent mammograms. Any significant changes
from baseline or previous mammogram must be evaluated further.

Mammograms, whether analogue or digital (as with all radiographs), can only
display five radiographic densities. From least dense to most dense these are air, fat,
soft tissue including fluid, bone/calcium, and metal. Normal breast parenchyma is
soft tissue density with abundant interlobular fat. Unfortunately, breast tumors,
benign breast lesions, e.g., fibroadenomas, breast cysts, hematomas, and mesenchy-
mal lesions (hamartoma, angiomyolipoma, phyloides tumors), and abscesses are all
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basically soft tissue density and so similar in density to normal breast tissue. Subtle
differences in the density as well as perceived morphology and significant asym-
metries with remaining breast tissue allow masses to be visualized, some seen better
than others. Masses usually require at least one additional modality for further char-
acterization, most frequently ultrasound. This helps provide a more detailed analy-
sis and ultimately either a diagnosis or a decision to biopsy.

e Mammograms are done either for screening or for a diagnostic evaluation.
Screening mammograms consist of two views of each breast. Diagnostic mam-
mograms are reserved for women with known breast-related complaints or with
suspected lesions not fully evaluated on the initial mammogram. Both examina-
tions begin with an interview by the technologist about the patient’s personal
breast history.

e Screening mammograms are read later by the radiologist after which an official
report is generated with recommendations for next necessary study.

* Diagnostic mammograms are reviewed by the radiologist while the patient is
present in the mammography suite and as many additional views as required are
obtained to evaluate the patient’s problem. If the patient has a palpable lesion,
typically an ultrasound is performed on the same day.

* Radiologists miss at least 10 % of breast cancers on mammography, particularly
in women with dense breasts [8]. This means that all women with palpable
lesions should have an ultrasound regardless of mammography findings.

Men who complain of swelling in one or both breasts also may require mam-
mography, although it is usually better to begin evaluation with ultrasound. Most
often male breast swelling is caused by gynecomastia, but breast cancer does occur
in males and has the same mammographic findings as seen in female breast
cancer.

Mammography reporting is standardized according to the Breast Imaging and
Data Reporting System (BIRADS) system. This system was developed in an attempt
to have uniform reporting throughout the country. It makes recommendations for
additional evaluation and so also serves the purpose of guiding the ordering clini-
cian in the patient’s workup. There are seven BIRADS categories [9]:

. Further study needed (additional views, ultrasound, MRI).
. Normal study. Recommend yearly follow-up mammogram.
. Benign finding. Recommend yearly follow-up mammogram.
. Probably benign finding. Recommend short-term (6 months) follow-up.
. Malignancy suspected. Biopsy recommended.

(May be subcategorized from A to C, according to increasing likelihood of

malignancy.)
5. Malignancy strongly suspected (95 % certainty). Biopsy recommended.
(Also may have A, B, and C subcategories.)

6. Malignancy diagnosed but not fully treated. Often used for follow-up to neoad-
juvant chemotherapy.

A W = O
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Tomosynthesis

Mammography is a projectional technique, depicting the entire three-dimensional
(3D) breast volume in two dimensions. Tomosynthesis acquires 3D thin-section
data. Images can be reconstructed in the conventional orientations of mammogra-
phy. Adding tomosynthesis to mammography permits improved evaluation of the
borders of a mass, architectural distortion within the breast parenchyma, and the
extent of microcalcifications within the tissue. It also permits 3D localization for
surgical planning [10].

Ultrasound

Because ultrasound (US) gives no ionizing radiation, it can be used more liberally
than mammography and is preferred in younger patients. Ultrasound also can pen-
etrate dense breast tissue. Not only is ultrasound able to penetrate the dense breast
tissue better than mammography, but it images thin “slices” of tissues at different
depths in the breast. This means that it shows detail in a limited volume of the
breast. As such it is a problem solving technique that allows differentiation of solid
and cystic lesions. Today, with improved gray scale imaging and better displays,
some differential characteristics of solid masses also can be discerned.

Recently, an automated breast ultrasound screening machine (ABUS) has been
approved by the FDA. Currently, ABUS is not reimbursed by insurance companies.
The American College of Radiology Imaging Network (ACRIN) published a study
in April, 2012 showing that adding annual screening ultrasound to mammography
in women with high breast cancer risk and dense breast tissue gave an incremental
cancer detection rate of 3.7 per 1,000 women screened [11]. The breast cancers
detected only by ultrasound have been small invasive cancers with a high proportion
of node negative cases. The addition of screening ultrasound also resulted in
increased false-positive rates that resulted in further investigation and biopsy.
Ultrasound does not replace mammography for routine screening since currently
mammography is the only imaging modality that has been proven to reduce mortal-
ity from breast cancer. ABUS might be considered effective enough in the future to
be used as a screening tool.

To avoid exposure to ionizing radiation in younger women, ultrasound should be
used as the primary tool of breast diagnosis only in women under 30 years-of-age
who present with a palpable mass. Mammography may be required after the ultra-
sound if further characterization of the lesion is needed. Ultrasound is safe to use in
pregnant women who not infrequently complain of new masses in their breasts,
which are radically changed by the elevated hormone levels of pregnancy.

Ultrasound often is used as a guide to perform percutaneous biopsies of mam-
mographically or ultrasonically detected abnormalities. These can be performed
safely on an outpatient basis.
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Elastography

Elastography is a new tool in the ultrasound armamentarium. This technique
compares signals of a tissue before and after displacement using compression strain
imaging, vibration sonoelastography, acoustic radiation force generated by the
ultrasound pulse, and real-time shear waves to characterize the hardness or stiffness
of a lesion. Malignancies tend to be less deformable than benign lesions, and so
elastography can provide additional clues as to the character of a mass [12].

Magnetic Resonance Imaging

A recent addition to the armamentarium of the breast imager is magnetic resonance
imaging (MRI). This modality uses no ionizing radiation, but rather uses high
strength magnetic fields to polarize protons. The imaging can be acquired and dis-
played in multiple planes and tissue thicknesses. This allows for thin cross-sectional
examination of breast tissue with excellent soft tissue contrast. Sagittal images are
performed both before and after gadolinium injection with five 1.5-2 min sequen-
tially obtained acquisitions after the initial postinjection imaging. The pre-contrast
images are then subtracted from the post-contrast images to highlight areas of true
enhancement. Sequential images from identical locations within the breast are stud-
ied for their rapidity of enhancement and subsequent dissipation of contrast to gen-
erate enhancement curves. The pattern of enhancement can provide clues as to the
nature of a lesion [13]. As with mammography, CAD is available with MRI.

MRI is highly sensitive for mass detection, but overlap of the appearance and
enhancement behavior is high and so MRI is not very specific. Early experience
with MRI and MRI biopsies in a selected patient population by breast imagers at
Sloane-Kettering led to the conclusion that enhancing lesions 5 mm or less should
be followed rather than biopsied [14].

The high sensitivity and low specificity of MRI mean that, in general, it should
not be used as a screening tool. Currently accepted indications for screening with
MRI are:

* A young woman with dense breasts and a 20-25 % increased risk of breast
cancer.

e Strong family history—two first-degree relatives or a male family member with
breast cancer.

e BRCA carrier.

* Relative of a BRCA carrier.

* A positive axillary lymph node without a known primary (and normal
mammogram).

The American Cancer Society (ACS) and the Society of Breast Imagers (SBI)
guidelines state that screening MRI is inappropriate for women with less than a
15 % increased risk of developing breast cancer. In high-risk patients MRI can be
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alternated with mammography every 6 months or be performed yearly at the
discretion of the radiologist and breast surgeon.
Otherwise, MRI is also employed to evaluate:

* The extent of disease preoperatively in a patient with known breast cancer.
e Tumor response to chemotherapy.

» For recurrence of tumor in an area of scarring.

e Breast implant leak or rupture.

Breast MRI should be performed between the third and fourteenth day of the
woman’s menstrual cycle to minimize background breast enhancement [12]. When
abnormal areas of contrast enhancement are seen, breast ultrasound can be performed
to see if the same lesion can be seen on US and therefore be biopsied with ultrasound
guidance. Many MRI areas of enhancement are not mass-like and therefore cannot
be seen on ultrasound. In these instances, MRI-guided biopsy is recommended.

It is not uncommon for the previously seen suspicious area of enhancement on
MRI to have resolved when the patient returns for biopsy. This is a favorable finding
since many physiologic changes can cause areas of MRI breast tissue enhancement.
Enhancement from malignancies does not resolve, however. If suspicion persists
despite disappearance of the enhancing region, a repeat MRI can be obtained in
6 months.

Molecular Breast Imaging (MBI, BSGI, Scintimammography)

Molecular breast imaging (MBI) was developed in the mid-1990s. Unlike other
modalities that examine the breast anatomically, this modality measures cellular
activity.

Breast-specific gamma imaging (BSGI) uses Tc*™ Sestamibi which accumulates
in the mitochondria of the cells in direct correlation to the cellular energy conver-
sion rate. Cancer cells produce more ATP from glucose than neighboring cells and
so produce a hot spot on the BSGI image. When originally introduced, BSGI used
a dose of 25 mCi of T¢”™ Sestamibi injected intravenously. This dose delivered too
much radiation to the body and breast. Since then, improvements have been made
including development of a dual headed scanner. This allowed the Sestamibi dose
to be reduced to an acceptable 10 mCi and has the additional advantage or reducing
examination time by half.

Another isotope currently available for nuclear breast scanning is flurodeoxyglu-
cose (FDG) which is also used in traditional PET scans. FDG is less available than
Sestamibi, requires the patient to fast overnight, and also must have a 1 h delay
between injection and scanning. Care must also be used in diabetic patients. As a
result Sestamibi is often the preferred radionuclide. Similar to MRI scanning, BSGI
is ideally performed between the 2nd and 12th day of the menstrual cycle. Because
the projections are the same as those performed in a routine mammogram, the two
studies can and should be directly correlated, view by view.
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The majority of breast cancers 5 mm or greater will accumulate isotope [15].
Tumors as small as 3 mm have been diagnosed using this technique. MBI is
particularly good at detecting infiltrating lobular cancers. Multifocal and multicen-
tric cancers may be detected as well.

As with MRI, BSGI is extremely sensitive, but has greater specificity than MRI.
A recent study showed that BSGI can detect cancers missed by both mammography
and ultrasound. In this study BSGI had the overall highest sensitivity (91 %) for
breast cancer detection, much higher than mammography and ultrasound, 74 % and
84 %, respectively [16].

Entities beside breast cancer that show increased isotope uptake on BSGI include
atypical ductal hyperplasia (ADH), papillomas, breast abscesses, and sclerosing
adenosis. The negative predictive value of BSGI is 95-99 %, making it a valuable
tool in breast cancer detection.

The indications for BSGI are similar to those for MRI and include evaluating the
extent of disease in a patient with known breast cancer, monitoring response to che-
motherapy, bloody nipple discharge, palpable abnormality with negative mammo-
gram and ultrasound, positive axillary lymph node with no known primary tumor,
patients with implants, patients with strong family history, and patients for whom
MRI is contraindicated.

MBI has some limitations. Surgery may cause abnormal activity for up to a year.
Lesions close to the chest wall or deep in the axilla may not be detected. One cannot
adequately assess lesions adjacent to the chest wall or involving the chest wall. At
least one company has developed a device capable of MBI directed biopsy.

Interventional Procedures

A number of diagnostic and therapeutic procedures, developed specifically for breast
disease and all of which can be performed on an outpatient basis, have been devel-
oped. For biopsies, patient should be off all blood thinners and NSAIDs for 5-7 days.

Stereotactic Core Biopsy

This procedure uses a stereotactic pair of radiographs from which the location of the
lesion within the breast can be calculated to within 0.1 mm in a single plane. This
procedure is used primarily to biopsy suspicious calcifications and occasionally
masses that are unreachable or not well-defined using US [17, 18].

The patient often lays prone on the biopsy table for stereotactic biopsy which
may not be possible in patients with significant respiratory problems, scoliosis or
arthritis, occasionally patients with pacemakers, or patients who have had recent
surgery. For these people there are institutions that have erect stereotactic biopsy
machines.
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Ultrasound-Guided Breast Biopsy

Ultrasound can guide sterile biopsy of any lesion that cannot be called definitively
benign, abnormal appearing lymph nodes and cysts that have mural nodules, thick
walls, or internal solid components.

MRI-Guided Biopsy

This technique is used less commonly than US-guided biopsy because of the awk-
wardness of using an MR scanner, the time required to do the biopsy, the cost, and
the inability to use in patients with internal ferromagnetic materials. It is used for
lesions deemed suspicious on diagnostic MRI that cannot be seen on ultrasound.

Patients scheduled for any of the stereotactic, ultrasound, or MRI biopsy must
have bleeding profiles as close to normal as possible. Warfarin and Plavix must be
stopped for at least 5 days prior to biopsy. It is preferred that Aspirin and NSAIDs
not be used for at least 1 week prior to biopsy.

Cyst and Abscess Aspiration

Simple cysts, i.e., smooth, thin wall; no mural thickening or nodules, are left alone
unless the patient requests that they be aspirated. In 40 % of aspirated cysts the fluid
will reaccumulate. Abscesses and cysts are drained under US guidance.

Fine Needle Aspiration

FNA is used primarily to biopsy abnormal appearing lymph nodes in a “tight” axilla
(one with little fat where stereotactic core biopsy is not chosen because of close
proximity of the axillary neurovascular bundle). The advantage of FNA is that it is
quick and easy to perform. The drawback is that while differentiation between
benignancy and malignancy often can be made, the amount of the tissue obtained
using this technique is not enough to evaluate the hormonal status of malignant cells.
Hence, another biopsy with a larger bore vacuum needle may be necessary [19].

Needle Localization for Breast Biopsy or Definitive Treatment
of a Known Malignancy

Some suspicious microcalcifications cannot be assessed by stereotactic biopsy for
technical reasons. In some cases a prior stereotactic biopsy failed, and a repeat
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biopsy is needed. Other patients who have had a positive biopsy return for definitive
surgery. In these cases the target tissue will be difficult for a surgeon to find in oper-
ating room. A percutaneous localization is therefore performed. The radiologist,
using imaging as guide, can put a needle with a hooked wire into the breast leaving
its tip in the target area as a marker for the surgeon. The surgical specimen is sent
for radiography to confirm that the target has been removed.

Galactography

Galactography is done to evaluate the intramammary ducts. Most often, this is done
for patients with complaints of nipple discharge. Galactography requires cannula-
tion of the duct orifice whence the discharge arises. Contrast is injected into the duct
and radiographs of the opacified ducts are obtained and evaluated for intraductal
lesions.

Clinical Scenarios

1. Palpable lump:

(a) Patients under 35 years-of-age: Order ultrasound. You may also order
mammogram if indicated allowing the radiologist the ability to order mam-
mogram immediately if deemed necessary.

(b) Patients over 35 years-of-age: Mammogram and ultrasound. Any woman
complaining of a mass should have both a mammogram and ultrasound.

2. Inflamed, swollen breast with or without a palpable mass:

(a) Start the patient on a 2-week course antibiotics when seen and obtain mam-
mogram and ultrasound after the antibiotics course has been completed.

(b) Both mastitis and inflammatory breast carcinoma will improve on antibiot-
ics, but only mastitis will completely clear.

(c) A punch biopsy of the skin is a quick and efficient way to biopsy since
dermal lymphatics are involved in inflammatory carcinoma.

3. Breast pain:

(a) Breast pain is a common complaint, but one that is unlikely to be related to
cancer (other than inflammatory carcinoma).

(b) Most women complain of breast pain at some time during her cycle—
usually before menses.

(c) If needed, obtain ultrasound in young women, ultrasound and/or mammo-
gram in older women.
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. Mammogram shows indeterminate microcalcifications, asymmetric density(ies)

or partially imaged lesion:

(a) Obtain further views of that breast as recommended by the radiologist to bet-
ter evaluate morphology. Any of these findings can arise from a malignancy.

(b) If magnification views show calcifications to be suspicious, obtain stereo-
tactic biopsy.

. Palpable mass in a pregnant woman:

(a) Obtain breast ultrasound.
(b) Request mammogram per radiologist as necessary for further diagnosis.
(Al attempts are made to avoid mammography in pregnant patients.)

Male with palpable breast mass or swelling:
(a) Obtain breast ultrasound and if necessary mammogram.

Patients who have had a breast biopsy, local excision, or partial mastectomy
require a 6-month follow-up unilateral mammogram.
Patient complains of nipple inverting or a new skin dimple:

(a) Obtain mammogram to study area beneath finding.
Patient with bloody or clear nipple discharge:

(a) Obtain breast ultrasound in periareolar area, with possible mammogram at
discretion of radiologist.

(b) MRI might become necessary.

(c) If these examinations fail to show the etiology of the discharge, a galacto-
gam may be needed.

Breast reduction surgery planned:

(a) Obtain mammogram as appropriate to the patient’s age for surgical plan-
ning and to exclude cryptogenic disease.

Biopsy proven lobular carcinoma in situ (LCIS) (30 % lifetime increased breast
cancer risk):

(a) Patient needs wide excision of area.
(b) More rigorous screening required either mammogram every 6 months, or
mammogram alternating with MRI or BSGI every 6 months.

Ultrasound suggests fibroadenomas, not biopsied:

(a) In younger woman (<30-35) biopsy or obtain 6-month follow-up ultra-
sounds for 2 years to assess lesion stability.
(b) If first seen in woman over 35 or if growing in woman over 35, biopsy

Patient with 20 % increased risk of breast cancer

(a) Start early breast screening with mammography (10 years before age at
which first-degree relative was diagnosed.)
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Chapter 5
Abdominal Imaging

Surabhi Bajpai and Dushyant Sahani

Introduction

Diseases of the abdomen and pelvis can have a bewildering array of clinical
presentations as a result of pathological conditions involving either the gastrointes-
tinal (GI) or the genitourinary (GU) system. The diagnosis and management of
these patients therefore is often clinically challenging and can represent an enigma
despite or perhaps even due to the availability of numerous laboratory investiga-
tions. The introduction of imaging has opened new methods to evaluate patients
presenting with diseases of the abdomen and pelvis. Imaging provides a unique
inside view of the abdomen, and it frequently aids a treating physician in unraveling
its complex mysteries. The explosion of various imaging modalities over the past
century, ranging from plain radiography to magnetic resonance imaging (MRI), has
revolutionized diagnosis and follow-up of patients with various types of pathology
in the abdomen and pelvis. Continued advancements in the past few decades, par-
ticularly in cross-sectional imaging modalities such as multidetector computed
tomography (MDCT) and MRI, have made imaging an integral tool in patient diag-
nosis and management. Indeed, an ultrasound (US) or CT scan is often among the
initial investigations performed in a patient presenting to the emergency room with
abdominal complaints. Despite their immense benefits, judicious use of imaging
techniques is imperative, not only to avoid excessive economic burden on our
healthcare system, but also to prevent unnecessary exposure to ionizing radiation
with techniques such as fluoroscopy or CT scans (Table 5.1). In this chapter, our aim
is to provide an overview of the various imaging techniques available in the inter-
rogation of patients with signs and symptoms related to the abdomen and pelvis.
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Table 5.1 Imaging modalities for the evaluation of abdominal pathology

S. Bajpai and D. Sahani

Imaging
modality Indications and advantages Limitations
Abdominal To demonstrate free air, bowel obstruction, — Has a low sensitivity
radiographs calculi/calcification, foreign body, soft tissue and specificity
(KUB, mass displacing the bowel loops, ancillary — Poor anatomic
obstructive findings like bone involvement localization
series)
Fluoroscopy To demonstrate bowel motility, strictures, gastric
reflux, gastric emptying
In post op cases to demonstrate anastomotic
leaks
[N — Noninvasive and portable — Subjective and
operator-dependent
— No radiation — Decreased accuracy in
patients with large
body habitus
— First imaging modality for — Low sensitivity and
* Right upper quadrant specificity
e Female pelvis
¢ Pediatric patients
CT — High resolution — Exposure to ionizing
radiation
— Wide coverage — Limited application in
— Rapid investigation patients with contrast
allergies or abnormal
renal function
— 24/7 Access
MRI — Focused examination — Limited availability

— Ideal for biliary/common bile duct evaluation

— Imaging of choice for extended evaluation of
pelvic pathology in women

— Useful in pregnant patients

— Monitoring of young patients with Crohn’s
disease to avoid excessive radiation

Cost
Claustrophobia

Imaging Techniques: Overview

Plain Radiography/Fluoroscopy

Imaging evaluation of patients presenting with clinical signs and symptoms
localizing to the diseases of the abdomen often begins with an abdominal radiograph
or kidney—ureter—bladder (KUB) radiograph or an obstructive series of radio-
graphs (usually consisting of either erect and supine or lateral decubitus and supine
abdomen images). Plain radiography is an inexpensive imaging technique that is
performed in patients with findings of an acute abdomen for the diagnosis of bowel
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obstruction, bowel perforation, or urinary stones. Plain radiographs also contribute
to the routine care of patients to confirm the position of various tubes (nasogastric
tube or drainage catheters) and as follow-up examinations in patients with ileus.
Plain film radiography can be done rapidly and portably, allowing detection of sev-
eral acute abdominal emergencies such as perforated viscus or bowel obstruction.
Its disadvantages include lack of contrast resolution and an inability to differentiate
various intra-abdominal structures.

Fluoroscopic imaging techniques performed after instillation of oral contrast
agents is a great tool to evaluate diseases of both the GI and GU tracts. It is a dynamic
imaging technique that is particularly valuable in detection of abnormalities affect-
ing bowel motility. This includes evaluation of esophageal motility disorders in
patients with dysphagia, heart burn, or chest pain. Fluoroscopic imaging with oral
contrast is especially valuable in postoperative patients to assess the integrity of the
gastrointestinal tract after bowel anastomotic surgery. Early identification of anasto-
motic leaks in the postoperative period allows a surgeon to plan appropriate early
interventions. Conventional barium studies also can be used as first-line noninvasive
diagnostic studies in patients with dyspepsia, weight loss, an abdominal mass, and
partial obstruction. Double contrast techniques can provide good detail of the bowel
mucosa allowing identification of ulcerations, small protrusions, and any strictures.

Ultrasound

Ultrasound (US) is a valuable noninvasive imaging technique that uses sound waves
to create images of internal structures. This imaging technique does not expose the
patient to ionizing radiation and is performed by placing an US probe (a transducer)
onto the skin over the organ of interest. US provides real time gray scale images of
various structures within the abdomen, including deeper organs. This imaging tech-
nique is routinely used to evaluate the gallbladder, liver, bile ducts, spleen, pancreas,
kidneys, uterus, ovaries, and abdominal cavity.
The main advantages of US include:

1. US is universally available, easy to use, and is easily performed portably at the
patient’s bedside.

2. The real time, dynamic nature of US allows evaluation of motion in real time,
e.g., to monitor peristalsis, observe fetal movements in pregnant women, and
examine the effects of maneuvers, e.g., Valsalva and Mueller maneuvers, and
gravity on internal organs.

3. The real time nature of US permits analysis of effects of graded compression on
various structures to help determine tissue stiffness, i.e., rigid vs. soft. This use
is not limited to the abdomen and in fact is a mainstay in evaluation of deep
venous thrombosis in the limbs.

4. Tt allows direct visualization of blood flow and pulsations within vessels and
masses.

5. US is an excellent tool to perform image guided interventional procedures.
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US is suitable for both focused examination and for routine screening. As a
screening tool, US is frequently used in the diagnosis of an obvious abdominal mass,
peritoneal fluid collections such as ascites, and in the evaluation of hydrobilia or
hydronephrosis. It is often performed as an initial imaging study for the evaluation
of abdominal pain particularly in patients with right upper quadrant pain as it allows
accurate diagnosis of acute cholecystitis. US plays an equally critical role in evalu-
ation of lower abdominal pain and bleeding in women of childbearing age. In addi-
tion to allowing the detection of various conditions, US is a safe technique to guide
aspiration and drainage of fluid collections/abscesses to determine their nature.

Recent advances in US include harmonic imaging, 3-dimensional (3-D) imaging,
and sono-elastography [1, 2]. Harmonic imaging uses ultrasonic sound waves simi-
lar to US, but requires a broad transducer bandwidth. Harmonic imaging is superior
to conventional US as it provides better lesion visibility, improves diagnostic confi-
dence, and typically shows enhanced contrast by removing image noise. Harmonic
imaging is generally useful for depicting cystic lesions, deep seated vascular struc-
tures, and those lesions containing echogenic tissues such as fat, calcium, or air.

3D volumetric sonography allows 3D reconstructions of anatomic structures
from US images. It has shown great benefit in fetal ultrasonography because it per-
mits easy identification of fetal anatomy and confident interpretation of congenital
anomalies [1, 2]. 3D imaging is also routinely used to evaluate uterine abnormalities
including depiction of congenital uterine anomalies and visualization of the position
of intrauterine contraceptive devices. 3D imaging increases the confidence of nee-
dle placement during interventional procedures because it shows three planes
simultaneously.

Despite these advantages, caution should be used when utilizing US for investi-
gation. Obesity, the presence of dense overlying tissue and gaseous distention, can
degrade US images because high frequency sound waves do not penetrate these
tissues well. Poor penetration can limit the technical utility of abdominal ultrasound
or even render it completely unable to visualize target organs. US is also operator-
dependent, relying greatly on the skills and experience of the sonographer.
Incorrectly performed scans can create a level of uncertainty in the interpretation of
images and the diagnosis of pathology. Because of the comparatively narrow field
of view produced by current transducers and the freehand method with which scans
are performed, it is even possible to overlook pathology in some circumstances.
Some have likened US to looking through a keyhole. Therefore it is of utmost
importance to be sure the sonographer is well-trained and experienced. Of course,
radiologists ultimately interpret the studies.

Multidetector CT

The advent of multidetector CT (MDCT) has provided impressive diagnostic ben-
efits in the management of abdominal and pelvic disorders [3]. Utilization of MDCT
scans in patients presenting with abdominal pain has undergone explosive growth.
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Today, over 20 % of patients presenting to an emergency department with abdominal
complaints undergo a CT examination. This represents a nearly tenfold increase in
CT utilization over a 12-year period [4]. The high contrast resolution of CT makes
it the preferred modality for high accuracy evaluation of both solid and hollow
visceral pathology in the abdomen and pelvis.

The main advantages of MDCT include:

[u—

. MDCT is universally available and easily accessible (24 hrs a day, 7 days a week).

2. MDCT allows rapid image acquisition with an ability to scan multiple body parts
at the same time.

3. Standardized scanning protocols and image display patterns make interpretation
easier.

4. It can be used for screening as well as for focused problem solving.

5. Its value can be augmented by administering oral and intravenous contrast,
depending on the application.

6. CT has the capability to obtain images rapidly in sequences through a volume of

tissue. This capability allows CT to depict different phases of filling of the vas-

cular system as in CT angiography.

Despite these benefits, one of the major drawbacks of CT imaging is exposure to
ionizing radiation, raising concerns about its long-term mutagenic and carcinogenic
effects particularly in young patients who undergo multiple CT examinations [5].
The radiation dose is often dependent on type of examination with increased expo-
sure encountered in CT exams with multiple phases such as arterial, venous and
delayed phase.

In order to answer many clinical questions, CT of the abdomen and pelvis
requires injection of intravenous iodinated contrast material (IVCM). Contrast
enhanced MDCT studies improve lesion detection and characterization and also
allow differentiation of lymph nodes from vascular structures. On the other hand,
non-contrast CT, i.e., without intravenous contrast, is often sufficient to diagnose
urinary tract stones and to identify suspected intra-abdominal hematomas.

For most applications, oral contrast material (OCM) also is administered rou-
tinely prior to a CT of the abdomen and pelvis. Intraluminal oral contrast is essential
to help differentiate abnormal mesenteric lymph nodes from unopacified bowel
loops, to facilitate detection of bowel abnormalities, to identify bowel perforations
or anastomotic leaks, and to distinguish bowel from some extra intestinal pathology
such as abscesses.

The OCM chosen for a given application can be positive or negative/neutral as
indicated by its density measurements on the scan. Positive OCM includes dilute
liquid barium suspensions and water-soluble iodine solutions, e.g., Gastrograffin,
both of which appear denser than water on the scan. Negative/neutral OCM includes
water and low-density barium solutions such as Volumen. Positive OCM is ade-
quate for most indications in the abdomen, but neutral OCM is preferred for dedi-
cated examinations that target the bowel itself, i.e., CT enterography (CTE).
Todinated contrast also can be injected through a catheter into the urinary bladder to
diagnose urinary bladder rupture in patients with pelvic trauma, i.e., CT cystography
(Table 5.2).
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Table 5.2 MDCT protocols for imaging of the abdomen and pelvis

MDCT protocols Clinical indications Additional points

No oral contrast High grade small bowel obstruction, Oral contrast can interfere
unstable patients, CT angiographic with 3D imaging
studies, and suspected gastrointestinal
bleed

Rectal contrast Appendicitis, diverticulitis

Intravenous Used in all indications except in most Intravenous contrast agent

contrast agent cases of ureteral stones/flank pain opacifies the abdominal

vasculature and provides
useful information
regarding the enhancement
patterns of parenchymal
organs and intestine
Intravenous contrast can be
given in doubtful cases of
ureteral stones
Faster injection rate ~ GI bleed/bowel ischemia/hemorrhage/
of intravenous vascular complications
contrast
Dual phase (arterial ~Liver or pancreatic mass
and venous)
Delayed phase Hematuria and pelvic pathology

Magnetic Resonance Imaging

Typically, MRI of the abdomen and pelvis is reserved for problem solving, usually
as a targeted study with a specific question in mind. It is also the investigation of
choice in patients with a history of allergy to iodinated contrast who, as a conse-
quence, cannot undergo a contrast enhanced MDCT. MRI does have drawbacks
since it is expensive relative to other diagnostic imaging examinations, and even
with today’s wider and shorter bore scanners, claustrophobic patients may be unable
to tolerate being in the bore of the scanner. In addition, the long scanning times
required to complete a study make MRI undesirable for acutely ill patients and for
patients who are unable to lie still during image acquisition.

The superior contrast and soft tissue resolution of MRI makes it an invaluable
technique in visualization of the hepato-pancreato-biliary pathology. The enhanced
contrast resolution of MR coupled with its ability to depict tissues using multiple
sequences to accentuate different tissue parameters have elevated MR as the pre-
ferred imaging modality for characterization of hepatic lesions. For example, MR is
excellent at detecting early hepatocellular carcinomas in patients with chronic
parenchymal liver disease such as that resulting from Hepatitis B or C infections.

Furthermore, the recent availability of specific hepatobiliary contrast agents has
improved MR’s detection of hepatic metastases. MR plays a crucial role in
monitoring the response of known hepatic malignancies to systemic chemotherapy,
trans-arterial chemo embolization (TACE), and percutaneous ablative therapies,
e.g., radiofrequency ablation (RFA). MR is considered very accurate in assessment
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of pancreatic lesions, particularly cystic lesions, and to evaluate the pancreatic duct.
Magnetic resonance cholangiopancreatography (MRCP) provides two dimensional
(2D) and 3D views of the biliary tree and pancreatic ducts and so in many cases has
supplanted standard ERCP for noninvasive evaluation of the biliary tree.

MR enterography (MRE), also called MR enteroclysis, is a focused MR exami-
nation dedicated to evaluation of small bowel pathology. It has gained acceptance in
the past decade as a replacement to MDCT because of concerns about high radiation
exposure from repeated MDCT studies in patients with inflammatory bowel dis-
ease. MRE provides exquisite detail of small bowel pathology and is accurate in the
identification of extra intestinal complications such as abscess and fistula.

MRI precisely depicts uterine and adnexal pathology and so is integral to staging
of uterine and ovarian malignancies. In addition, because MRI does not employ ion-
izing radiation, it can be used repeatedly in young individuals and in pregnant
women without fear of carcinogenesis. MR is performed routinely for local staging
of patients with prostate and rectal cancer, both before surgery and afterwards to
monitor therapeutic response.

Imaging for Abdominal pain

Abdominal pain is a common presentation and often the most challenging com-
plaint to evaluate [5, 6]. This symptom accounts for nearly 2 % of outpatient visits
and nearly 5 % of patients presenting to the emergency department. Most often the
etiology of the pain is benign, but nearly 10 % of patients who present to the emer-
gency department with abdominal pain have a life-threatening problem that often
requires surgery (Fig. 5.1).

Evaluation of these patients requires a thorough and logical approach that
depends on the location of the pain. For example, in conditions such as acute appen-
dicitis or cholecystitis accurate pain localization has very strong predictive value
[5]. Although imaging is often the final arbiter in the patient’s evaluation, it should
not be considered as a substitute for a careful history and physical examination
along with relevant laboratory tests (Tables 5.3 and 5.4). Imaging techniques such
as plain radiographs or ultrasound should be considered as first-line tools before
opting for advanced techniques such as CT or MRI [5, 6].

Right Upper Quadrant Pain

Although the most common cause of right upper quadrant pain is acute cholecysti-
tis, the spectrum of diseases that manifest as acute right upper quadrant pain
also includes complications from cholecystitis, choledocholithiasis, biliary colic
caused by hemobilia, ascending cholangitis, liver abscess, recurrent pyogenic chol-
angiohepatitis, gallbladder torsion, hepatic artery aneurysm, and complications of
liver masses, such as rupture and hemorrhage [6-9].
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Role of imaging in patients with abdominal pain

*To determine the etiology and develop a differential
diagnosis of abdominal pain

*To triage patients for surgery / medical treatment.

Causes of abdominal pain

1/344

1/3+4
NO DIAGNOSIS 1/3v

ALTERNATIVE PATHOLOGY

APPENDICITIS

e Acute Cholecystitis - 9.7%

eSmall Bowel Obstruction-4.1%
sGynecological - 4%

e Acute pancreatitis- 2.9%
eRenal colic —2.9%

sBowel perforation 2.5%
eNeoplasm 1.5%
eDiverticulitis- 1.5%

Fig. 5.1 Flow chart demonstrating the role of imaging in patients with abdominal pain [18, 19]

US is the primary imaging modality used to evaluate acute right upper quadrant
pain (Fig. 5.2). It is highly sensitive and specific for the detection of gallstones and
biliary dilatation. The accuracy of US (88 %) in patients with suspected acute cho-
lecystitis is similar to that of scintigraphy (85 %). As a result, US, because it is less
time-consuming than scintigraphy and uses no ionizing radiation, has replaced
scintigraphy as the preferred exam for these patients [7-9]. Not only does US
more easily demonstrate complications of acute cholecystitis than scintigraphy,
e.g., gangrenous and emphysematous change, but it also may reveal an alternate
diagnosis as the cause of the patient’s symptoms.

US is superior to MDCT as the initial imaging technique for assessment of acute
right upper quadrant pain caused by biliary disease, because ultrasound allows eval-
uation of a sonographic Murphy’s sign, pain elicited by direct pressure on the abdo-
men with the transducer placed over the gallbladder. This is sensitive for diagnosis
of acute cholecystitis [8, 9]. In addition, gallstones can be better detected on US
than MDCT. Moreover, US is rapid, easily accessible, and portable. As mentioned
above, US’s usefulness is limited in obese patients because the US beam poorly
penetrates adipose tissue, and this results in poor image quality and anatomic detail.
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Table 5.4 Imaging investigations in specific abdominal conditions

Imaging modality Role of other imaging

Diagnosis for initial evaluation modalities Additional points
Acute pancreatitis MDCT MRI to evaluate pancreatic
duct disruption/structural
anomalies
Acute [N MDCT in equivocal cases
cholecystitis Cholescintigraphy
Choledocholitiasis  US or MDCT MRCP or ERCP
Acute appendicitis MDCT MRI in pregnant patients

US in thin and young patients
US in pediatric patients
Adnexal torsion US with Doppler MRI in patients with large Doppler may still

body habitus and when demonstrate flow
ovary is not visible despite ovarian
because of intervening torsion due to
structures secondary blood
supply by uterine
artery branches
Pelvic UsS MRI in equivocal cases as it
inflammatory MDCT — with more depicts adnexal edema
disease diffuse
symptoms

Table 5.5 Bile duct obstruction: accuracy of various imaging modalities

Accuracy for common

Imaging modalities bile duct stones (%) Limitations

UsS 25-55 Operator-dependent, limited visibility due to
bowel gas

CT 80-90 Radiation exposure and limited visualization
of non-calcified stones

MRI 67-100 Not easily available, expensive, and long
scanning times.

ERCP/Endoscopic 80-100 Invasive, operator-dependent, and limited

Ultrasound (EUS) field of view

MDCT is often an excellent alternative to US in evaluation of right upper
quadrant pain for some patients. It is superior to US in determining the cause and
the extent of disease in situations where visibility with US is limited (e.g., open
wounds, surgical dressings, and obesity). MDCT also is valuable in the assessment
of complications of acute cholecystitis and in patients with abdominal pain after
cholecystectomy.

On the other hand, the accuracy of MDCT is limited in patients with common
bile duct stones and in cases with complicated ductal anatomy. In these cases MRI,
with its excellent soft tissue contrast, and MRCP provide detailed diagnostic infor-
mation about the biliary tree (Table 5.5). The recent development of fast MR
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| Right Upper Quadrant Pain |
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US- To confirm
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jaundice is ‘
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Negative

v

Contrast enhanced CT
in doubtful cazes

Fig. 5.2 Flow chart demonstrating the role of imaging in the evaluation of patients with right
upper quadrant pain

techniques has reduced imaging time, and thus MR can be performed in emergency
situations. Almost 15-30 % of patients with acute biliary disorders require MRI.
MRCP, because it uses no ionizing radiation, also plays an important role in evalu-
ation of pregnant patients with acute pancreatobiliary disease. Endoscopic retro-
grade cholangiopancreatography (ERCP) with papillotomy is the preferred next
step in the management of patients shown to have choledocholithiasis and biliary
dilatation on US, CT, or MR.

Despite US’s hegemony, cholescintigraphy remains an important noninvasive
test to diagnose acute cholecystitis because it can directly show cystic duct obstruc-
tion. Failure of gall bladder filling with radiotracer in the presence of normal hepatic
uptake and biliary excretion indicates acute cholecystitis whereas normal gall
bladder visualization excludes the diagnosis.
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Fig. 5.3 Flow chart demonstrating the role of imaging in the evaluation of patients with right
lower quadrant pain

Right Lower Quadrant Pain

The most common cause of right lower quadrant pain is acute appendicitis [3, 6,
10]. Other causes include ureteric colic, mesenteric adenitis, Meckel’s diverticulum,
and occasionally right-sided diverticulitis (Fig. 5.3). In an immunocompromised
patient typhilitis (cecal inflammation from any number of etiologies) is a common
cause. In women of childbearing age, ovarian torsion, tubo-ovarian abscess, and
pelvic inflammatory disease should also be considered [3, 6, 10].

MDCT has proven itself as the most accurate study for evaluating patients
where the clinical diagnosis of acute appendicitis is uncertain. Routine creation of
multiplanar reformations compliments axial images and improves reader confi-
dence in the diagnosis. MDCT is also valuable to exclude other causes of right
lower quadrant pain such as ureteric calculi, right-sided diverticulitis, and pelvic
pathology.

Trans-abdominal and transvaginal sonography are preferred over MDCT in the
initial evaluation of women of childbearing age with right lower quadrant pain.
Transvaginal sonography is accurate in the detection of various causes of pelvic
pathology, including ovarian mass, ovarian torsion, and tubo-ovarian abscess. In
those patients in whom sonographic examination reveals complex pathology, MRI
of the pelvis is an appropriate next step as a problem-solving tool.
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Left Upper Quadrant Pain

The most common causes of left upper quadrant (LUQ) pain are splenic pathology
with or without splenomegaly and renal stones [5, 6]. Other causes include esopha-
gitis, gastritis, pancreatic, and renal pathology aside from stones. Rarely, elderly
patients may develop mesenteric ischemia, which can lead to ischemic colitis. This
typically presents with LUQ pain and hematochezia. Ischemic colitis typically
arises in the region of the splenic flexure because of the relatively poor blood supply
in the watershed between the middle colic and left colic arteries.

Either US or MDCT could be chosen as the initial investigation of LUQ pain
depending on the patient’s symptoms. MDCT is more accurate than US in detecting
causes of LUQ pain, especially in the detection of urinary tract stones. CT is also
beneficial in defining extent of abnormality in diseases such as pancreatitis, splenic
abscess, and ischemic colitis. On the other hand, US is less expensive than CT and
uses no ionizing radiation. As a result, US reasonably may be considered as an ini-
tial examination in the evaluation of LUQ pain.

Left Lower Quadrant Pain

The most common cause of left lower quadrant (LLQ) pain in adults is acute diver-
ticulitis [6, 11]. Other differential considerations include urinary tract stones and, in
women, gynecological pathology. MDCT is the imaging investigation of choice in
patients with left lower quadrant pain. It not only allows confident diagnosis of
diverticulitis but also accurately diagnoses renal and ureteral stones. Excluding
gynecologic disease, the main role of imaging in LLQ pain is to diagnose or exclude
diverticulitis, and if present, to evaluate the extent of disease and to detect complica-
tions such as abscess formation.

In the past, contrast enema was the primary investigation performed to diagnose
diverticulitis. Although barium or water-soluble contrast enema have high sensitiv-
ity for the diagnosis of sigmoid diverticulitis and other diseases such as ischemic
colitis and inflammatory bowel disease, it is insensitive for detection of extramural
processes that can mimic diverticulitis clinically. Thus, MDCT has supplanted con-
trast enema as the initial imaging test in patients with LLQ pain. In addition, because
MDCT can identify the presence and extent of extramural complications of diver-
ticulitis such as abscess, it facilitates the selection of medical or surgical therapy in
this disease. MDCT also can be used to guide percutaneous drainage of abdominal
abscesses and so eliminate the need for surgery.

Women of child bearing age with left lower quadrant pain should have a pelvic
US as their initial investigation because of the frequency with which pain in this part
of the abdomen arises from gynecologic abnormalities. Transvaginal ultrasound
holds great importance in this setting as it can diagnose important causes of pain
such as ectopic pregnancy and pelvic inflammatory disease. The particular imaging
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Fig. 5.4 Flow chart demonstrating the role of imaging in the evaluation of patients with
epigastric pain

modality selected as an initial examination in these circumstances is usually based
on the patient’s age, gender, presenting symptoms, and laboratory results such as
urine or serum human fB-chorionic gonadatropin (BhCG) levels.

Epigastric Pain

The most common etiologies of epigastric pain arise from lower esophageal and/or
gastric pathology (Fig. 5.4). Other causes include cholecystitis and pancreatitis.
Rarely, a ventral epigastric hernia can present with epigastric pain. Endoscopy is the
gold standard for detection of mucosal lesions of the esophagus and stomach and so is
the initial test of choice. If endoscopy is negative and the patient’s amylase and lipase
are elevated, MDCT can confirm the diagnosis of pancreatitis as well as diagnose less
common causes of pancreatitis besides alcohol ingestion such as biliary tract disease.
CT is not only accurate in diagnosing early pancreatitis and defining the presence and
extent of pancreatic and peri-pancreatic inflammation, but it also is accurate at identi-
fying complications of pancreatitis such as pseudocyst and pancreatic necrosis.

Although most pancreatic pathology typically presents with symptoms other
than pain, MDCT is accurate in detection and characterization of pancreatic masses
including epithelial carcinoma. MR with MRCP, on the other hand, is superior to
MDCT for characterization of subtle abnormalities including detection of mural
nodules in pancreatic cysts and defining pancreatic ductal abnormalities. MRCP is
of particular value in showing communication between cystic pancreatic lesions and
the main pancreatic duct.
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Imaging in Hepatobiliary Disorders

Imaging plays a crucial role in the evaluation of patients with symptoms related to
hepatobiliary disorders. Jaundice and elevated transaminases are among the most
common presenting symptoms in patients with hepatobiliary disease. Trans-
abdominal US is the initial investigation of choice for these patients. In addition to
visualizing the biliary tree, US can assess parenchymal diseases of the liver, includ-
ing fatty infiltration and cirrhosis. In patients with cirrhosis, US is often chosen as a
screening tool to detect focal lesions that might represent hepatocellular carcinoma.
Complete imaging evaluation of liver lesions detected by ultrasound requires
dynamic three-phase imaging with MDCT and MRI.

Imaging often plays a crucial role in identifying the cause of obstructive jaun-
dice. Again, US is the initial imaging investigation for jaundiced patients and per-
mits detection of intrahepatic and extrahepatic biliary duct dilatation. Both MDCT
and MR are accurate at diagnosing the etiology of biliary obstruction, including
choledocholithiasis and neoplastic lesions of the biliary ducts, pancreatic head, and
periampullary region (Table 5.5). As a result, MDCT or MR with MRCP is usually
chosen as the next study in the evaluation of the biliary tree pathology.

Hepatobiliary scintigraphy is more sensitive than US to diagnose low grade or
early biliary obstruction. As a result, scintigraphy may be chosen as a first-line
examination for suspected biliary obstruction or as a follow-on examination when
US is negative but clinical suspicion persists. Another important role of hepatobili-
ary scintigraphy is in patients suspected of having a bile leak following cholecystec-
tomy and biliary surgery. Hepatobiliary scintigraphy is more sensitive than US or
CT for detection of biliary leaks. While CT and US may demonstrate the presence
of fluid collection, scintigraphy is able to establish an active biliary leak as a etiol-
ogy of the fluid collection.

Imaging of Bowel Abnormalities

Stomach and Duodenum

Optical endoscopy is the preferred investigation for evaluation of gastric and duode-
nal pathology as well as diseases of the colon. Imaging studies, particularly barium
swallow and upper gastrointestinal studies, are still performed in patients with non-
specific symptoms related to the stomach and duodenum. Barium studies are useful
also to define esophageal and gastric anatomy prior to bariatric surgery. Following
gastrointestinal surgery, fluoroscopic studies with water-soluble contrast often are
performed for depiction of integrity of the anastomosed segments, i.e., to detect
anastomotic leaks and to identify causes of postoperative obstruction.
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Small Bowel

Small bowel pathology always presents a diagnostic challenge to the gastroenter-
ologist. Traditionally barium evaluation of the small bowel has been the standard
diagnostic test. With the increasing use of MDCT for diagnosis of bowel abnormali-
ties, however, fluoroscopic barium studies are waning. The utility of MDCT in
small bowel diseases has increased further with the introduction of CT enterography
(CTE), a dedicated CT examination of the bowel performed after ingestion of neu-
tral oral contrast medium (OCM). MDCT has several advantages over fluoroscopic
studies because in addition to depiction of luminal abnormalities, CT allows display
of the entire intestinal wall thickness, its surrounding mesentery, and perienteric fat.
CTE, with neutral OCM, permits excellent assessment of inflammatory and vascu-
lar disorders of the bowel. In addition, CT aids in the assessment of solid organs and
so provides a global overview of the abdomen.

Thus, CTE has emerged as the first-line modality in the evaluation of suspected
inflammatory bowel disease including Crohn’s disease. It is used not only for diag-
nosis but also to monitor the course of the disease, including the effectiveness of
therapy and detection of later complications such as abscess, fistula, and small
bowel obstruction. As mentioned previously, MR enterography is gaining on CTE
as an alternative to CT because of the hazards from repeated radiation exposure,
particularly for follow-up examinations in patients with known disease.

Colon

Optical colonoscopy is considered the gold standard for evaluation of colonic dis-
orders. Nonetheless, CT has a crucial role in diagnosis and management of both
inflammatory and neoplastic diseases of the colon. MDCT is the primary imaging
tool to stage patients with colon cancer as it provides detailed information on local
tumor extension, lymph node involvement, and distant metastases, particularly to
the liver. CT colonography provides virtual endoluminal visualization of the colon
using 3D reconstruction techniques. This modality serves as an adjunct to screen-
ing optical colonoscopy in patients where optical colonoscopy is incomplete
because of difficult anatomy, obstructing tumor, or diverticulosis. CT colonogra-
phy offers complete evaluation of both luminal and extra-luminal abnormalities of
the colon.

Its relative disadvantage to optical colonoscopy is the inability to biopsy lesions
at the time of the examination. Thus, optical colonoscopy may be required after a
positive CT colonoscopy. Depending upon the work flow in a hospital, this may
require a second bowel preparation. Another indication for CT in colonic disease is
in the evaluation of patients with colitis because CT clearly depicts the extent and
severity of colonic involvement.
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Gastrointestinal Bleeding

Gastrointestinal bleeding can occur due to a variety of pathologies affecting the
bowel ranging from a tumor, ischemia to vascular malformations. Detection of the
cause of the lesion aids in further management of the patient. While routine MDCT
scan may aid in identifying malignant lesions, CT angiography can diagnose isch-
emic lesions and vascular malformations. Successful management of GI bleeding
patients also depends on localization of bleeding site. While upper GI tract bleeding
can be located with endoscopy and selective arteriography in the majority of cases,
the lower GI bleeds, including the large and small bowels, are diagnosed most often
with nuclear medicine studies. Scintigraphy studies have proven to be extremely
sensitive with an ability to detect bleeds as low as 0.05-0.1 mL/min. Technetium®™
labeled red blood cell scintigraphy plays an important role in the evaluation of lower
gastrointestinal bleeding owing to the limited sensitivity of endoscopy and intermit-
tent bleeding. Radionuclide studies have typically been used as a screening examina-
tion to identify patients who require targeted angiography or surgery.

Hematuria

A wide variety of medical and surgical pathology, originating from any part of the
urinary tract, can cause hematuria (Fig. 5.5). As a result it is a frequent indication
for imaging of the urinary tract [12]. Hematuria is divided commonly into macro-
scopic hematuria or recurrent microscopic hematuria [12]. The risk of malignancy
is higher in patients with macroscopic hematuria [12]. The incidence of malignancy
is between10 and 28 % overall in cases of hematuria, and 10 % in patients younger
than 40 years [12].

Radiologic investigation is performed after a complete clinical evaluation, urine
analysis, and appropriate blood tests [13, 14]. In some circumstances imaging does
not add value to a clinical diagnosis [13, 14], for example, in young women with
clinical presentation of urinary tract infection, where hematuria completely resolves
after successful therapy [12]. Similarly, patients with obvious evidence of glomeru-
lonephropathy do not require an extensive imaging workup to rule out any surgical
cause [12], but a baseline ultrasound evaluation is helpful in the morphological
evaluation of the kidneys.

Combining imaging evaluation with optical cystoscopy, which has been proven
to be most sensitive and accurate for detecting lesions in the urinary collecting
system and urinary bladder, is the current practice to evaluate patients for surgical
causes of hematuria [12]. Traditionally, prior to the development of MDCT,
excretory urography was considered the standard in imaging of patients with
hematuria [12]. Now, after performing standard contrast MDCT, obtaining thin
section CT images after suitable delay provides visualization of the entire urinary
tract because at this time the contrast agent completely opacifies the collecting
system and the bladder. Patients scheduled for type of CT, known as CT
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Fig. 5.5 Imaging algorithm for hematuria

urography, are hydrated prior to the CT examination and then given a low dose of
diuretic at the time of the scan for optimal visualization of urinary tract [12]. CT
Urography can detect the cause of hematuria with an overall sensitivity of
92-100 % and specificity of 89-97 % [12, 15]. It has now become the method of
choice for hematuria, supplanting intravenous pyelography even though their
appropriateness rating according to American College of Radiology (ACR) is the
same [13, 14].

US is an appropriate first-line diagnostic test especially in children and
pregnant women with hematuria, in whom ionizing radiation must be avoided
[12—14]. US has low sensitivity for stone detection (19-32 %), but when pyeloc-
alyceal dilatation is also present, the sensitivity is much better [12]. Because it
has lower sensitivity relative to other cross-sectional imaging modalities, US
also has a limited role in renal mass detection [13, 14]. On the other hand, it
does play a role characterizing lesions identified on cross-sectional imaging, par-
ticularly determining whether they are cystic or solid and their degree of vascu-
larity [13, 14]. US can reliably distinguish simple cysts, which are benign and
require no follow-up, from less common complex masses demanding additional
evaluation [13, 14].

MRI is an excellent technique to evaluate the renal parenchyma for masses and
other abnormalities, but it is inferior to CT urography in diagnosing urothelial
pathology at present [13, 14]. Thus, its role is mainly confined to patients who have
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a contraindication to intravenous iodinated contrast and in patients with concerns
about the risks of radiation exposure [13, 14]. In addition, MRI is limited in patients
with compromised renal function due to nephrogenic systemic fibrosis (NSS),
which has been shown to be a potential complication of intravenous gadolinium
contrast agents in patients with renal dysfunction [13, 14].

Adnexal Lesions and Female Pelvis

Ultrasound is the first-line imaging modality for evaluation of abnormalities of the
female pelvis with high diagnostic accuracy for detecting both uterine and ovarian
pathology [16]. US provides good morphologic detail and information about vascu-
larity, thus helping to narrow the differential diagnosis, but it cannot always confi-
dently differentiate malignant from benign masses [16]. Of course, findings on
ultrasound must be correlated with the patient’s clinical picture and laboratory tests,
particularly pregnancy tests.

Sonographic evaluation of the female pelvis is performed both via trans-abdominal
and transvaginal approaches. These techniques complement each other [16].
Transvaginal sonography (TVS) has improved resolution compared with the trans-
abdominal (TAS) approach, permitting improved diagnostic confidence [16]. TVS
allows better differentiation between cystic and solid masses adnexal lesions. TAS
plays an important role in evaluating large pelvic masses which extend into the lower
abdomen and helps define the mass’ relationship with other pelvic structures [16].
Doppler US is useful to assess lesion vascularity and guide percutaneous procedures.
As with all applications of US, the main limitations of pelvic US include a limited
field of view and obscuration of pelvic organs by bowel gas and adipose tissue [16].

MRI plays a problem-solving role in the evaluation of pelvic pathology. It is
being used increasingly because of its superior contrast resolution and the ability to
provide good tissue characterization [16]. MRI is valuable in determining the origin
of the mass (uterine versus ovarian versus non-gynecologic) and excluding malig-
nancy in indeterminate adnexal masses [16]. It currently has an established role in
diagnosis of adenomyosis, staging of pelvic malignancies, evaluation of uterine and
Mullerian duct anomalies, and in presurgical workup for pelvic floor prolapse [16].
Since MR depicts the ovarian vascular pedicle well, it also plays a role in the emer-
gency evaluation of ovarian torsion. Table 5.6 provides the imaging guidelines for
clinical variants of adnexal lesions.

Acute Non-traumatic Scrotal Pain

The scrotum is mainly imaged for two clinical indications: incidentally discovered
painless scrotal mass and an acutely painful scrotum which may be spontaneous or
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Clinical condition

Imaging modality of
choice

Second most
preferred modality

Other imaging
modality

Clinically suspected
adnexal mass in
nonpregnant
young patient

Follow-up of a
complex solid
adnexal lesion in a
young nonpreg-
nant patient

Follow-up of a
persistent or
enlarging solid or
complex mass

Nonpregnant young
patient with a
simple cyst >6 cm

Initial evaluation in a
postmenopausal
patient with
suspected adnexal
mass

Follow-up in a
postmenopausal
patient with a
large >5 cm
ovarian cyst

US (all three tests
TAS, TVS, and
Doppler may be
performed
depending on the
clinical condition)

[N

MRI (if a conservative
treatment is elected
and malignancy
cannot be
excluded)

US (to visualize the
lesion and analyze
the blood flow)

US (all three tests
TAS, TVS, and
Doppler may be
performed
depending on the
clinical condition)

US (to visualize the
lesion and analyze
the blood flow)

MRI pelvis with or
without contrast.
Problem-solving
tool if US is
inconclusive

MRI in cases where
the lesion is very
large and the
origin is unclear

CT (staging of
ovarian cancer or
evaluation of
primary tumor in
case of suspected
metastases)

MRI (for large
lesion with
limited US
findings)

MRI pelvis with or
without contrast.
Problem-solving
tool if US is
inconclusive

MRI (for large
lesion with
limited US
findings)

CT used for staging if

origin of mass is
non-gynecological

Image-guided

aspiration (may be
helpful if infectious
etiology is
suspected. Can

be used as a
therapeutic tool)

the result of trauma [17]. Several imaging modalities are available for imaging the
scrotum, but today US and MRI are used predominantly because they provide rapid
and accurate diagnosis [17]. US, in conjunction with the contemporaneous physical
examination, is the mainstay of imaging and often the only modality necessary [17].
MRI plays a problem-solving role when US findings are equivocal or suboptimal
[17]. If US diagnoses a mass and malignancy is suspected, MDCT will be necessary
to evaluate the possibility of metastatic disease. Table 5.7 provides a comparative

analysis of the various modalities used in the imaging of scrotum.
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Table 5.7 Imaging modalities for evaluation of acute scrotum

Imaging
modality Comments and advantages Limitations
UsS — Mainstay of imaging of scrotum  — Operator skill-dependent
— Always performed in — Detorsed testes may be missed on
conjunction with clinical usS
examination
— Provides high resolution images — Torsion of testicular appendage, a
of scrotum and its contents common cause of testicular pain in
— Relatively inexpensive and children can be difficult to
quick to perform diagnose on US
— Color Doppler evaluation can
assess for testicular perfusion
— Allows dynamic maneuvers
such as Valsalva maneuver to
assess for varicocele
— Allows evaluation of extra-
testicular anatomy and
pathologies in the spermatic
cord and scrotal sac
MRI — Can detect undescended testis — Relatively expensive
not seen on US
— Provides excellent tissue details ~— Motion sensitive and requires more
time to perform the study
— Contrast enhanced MR allows — Cannot be used in patients with
diagnosis of benign masses pacemakers, implants, and
equivocal on US claustrophobia
— Allows evaluation of retroperito-
neal structures at the site of
testicular lymphatic drainage
— Allows evaluation of extra-
testicular anatomy and
pathologies in the spermatic
cord and scrotal sac
Tc?m — Allows reasonably accurate — Infrequently used due to longer
Scintigraphy differentiation between examination times, less availability,
testicular ischemia and infection exposure to ionizing radiation, and
in adults limited diagnostic capabilities in
young boys
— Limited experience among trained
personnel for performance and
interpretation of these exams
Conclusion

Imaging plays a crucial role in the evaluation of patients presenting with symp-
toms related to the abdomen. Technologic advancements in the realm of imaging
provides the referring physician with a wide range of imaging modalities to
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choose from in order to unravel simple and challenging cases. Appropriate use
of existing imaging technology is imperative to provide better quality care to
patients and to avoid both excess radiation exposure and an unwarranted use of
healthcare resources.
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Chapter 6
Musculoskeletal Imaging

Stephen E. Ling

Introduction

This chapter covers imaging of diseases that constitute the majority of musculoskel-
etal pathology: trauma, infection, neoplasm, metabolic bone disease, and arthritis.
Uncommon musculoskeletal pathology, i.e., endocrine, genetic, dysplastic, and
congenital disease, also require imaging but will not be discussed in this chapter.
Despite a multitude of technologies available to image the musculoskeletal system,
the starting point for bone pathology is typically conventional radiography (CR).
Evaluation of soft tissue pathology is generally much better served by more
advanced techniques, particularly magnetic resonance imaging (MRI), ultrasound
(US), and at times computed tomography (CT), although occasionally CR provides
significant value as well. Nuclear medicine studies are also useful in the evaluation of
some musculoskeletal diseases. As with imaging any organ system, the choice of the
appropriate study will depend on the clinical question to be addressed, the availability
of the imaging modality, contraindications both absolute and relative, and the accuracy
of the modality in balance with its risks and financial cost. With this in mind, we
approach issues of imaging along lines of clinically suspected pathology. We start by
reviewing the imaging armamentarium as it applies to the musculoskeletal system,
including strengths and limitations, indications, and alternatives modalities.
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Imaging Modalities: Overview

Conventional Radiography/Plain Radiography

Although sometimes viewed as outdated and of little utility, radiographs serve as the
starting point in the imaging diagnosis of many categories of suspected musculoskel-
etal pathology, especially trauma, osteomyelitis, focal mass lesions, and arthropa-
thies. Plain radiographs are inexpensive, widely available, and rapidly and readily
obtainable, even by the bedside if necessary.

Ultrasound

US can be used to visualize tendon pathology to good advantage, e.g., pathology of rota-
tor cuff tendons and ankle tendons. US also is becoming a valuable tool in early inflam-
matory arthritis, particularly in cases of undifferentiated, unclassified inflammatory
arthritis. Ultrasound can demonstrate inflammatory changes in the soft tissues, e.g.,
synovitis, tenosynovitis, enthesitis, and show evidence of joint destruction, i.e., erosions.
In addition, application of Doppler US permits visualization of a lesion’s vascularity.

US permits real time imaging, which allows for provocative maneuvers to detect
pathology that is not well shown on static imaging studies. Examples of such pro-
vocative maneuvers using dynamic real time US include elbow flexion to elicit
ulnar nerve subluxation at the cubital tunnel, hip flexion to show snapping of the
iliopsoas tendon in the groin or the iliotibial band at the greater trochanter, and
eccentric muscle contraction in the diagnosis of myofascial herniation.

US can also be used to guide interventional procedures for infection, arthritis, or
soft tissue trauma (especially athletic overuse syndromes). Specifically, US can
facilitate joint aspiration, drainage of fluid collections, and tissue biopsy, as well as
injection of tendon sheaths, joints, bursae, and peritendinous soft tissues, e.g., the
common extensor tendon origin at the lateral epicondyle of the elbow (tennis
elbow), the gluteal tendons in the hip, and the plantar fascia at the foot.

US is operator-dependent, and nowhere is this more important than with muscu-
loskeletal studies. This means that specifically trained imagers are needed for this
type of examination. As mentioned in Chap. 1, US transducers have a narrow field
of view, and so with today’s scanning methods it is possible to overlook pathology.
Despite these limitations, the role of musculoskeletal US continues to expand, espe-
cially the use of ultrasound guided procedures.

Computed Tomography

With the introduction of MRI, CT’s role in musculoskeletal imaging has declined,
particularly for soft tissue imaging. Nonetheless, CT has certain positive character-
istics that make it a commonly used tool for some musculoskeletal pathology.
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CT is most commonly used to evaluate bone trauma, particularly for acute
fractures of the spine and pelvis, to plan operative reduction of complex fractures
and fracture-dislocations, and to diagnose osseous nonunion of fractures. After
intravenous contrast administration, CT also may be employed for diagnosis of
soft tissue abscess. It should be noted, however, that MRI is generally better for
abscess diagnosis, and so CT should be used only when MRI is unavailable or
contraindicated. CT is highly sensitive for the presence of calcium and so can be used
to detect and characterize matrix mineralization in osseous and soft tissue space
occupying lesions.

Magnetic Resonance Imaging

MRI is a commonly performed musculoskeletal examination because it depicts soft
tissue structures that cannot be resolved by other modalities. Specifically, these
include ligaments, muscles, tendons, fibrocartilage, and fascia. MRI is thus the pre-
ferred modality to evaluate suspected internal derangement of joints, and certain
types of extra-articular soft tissue pathology including traumatic muscle strains and
contusions, soft tissue tumors and tumor-like entities, and soft tissue infectious
processes most commonly abscess.

MRI has no imaging peer with respect to its ability to evaluate bone marrow. This
permits diagnosis and characterization of pathology ranging from traumatic bone con-
tusion and occult osseous fracture to marrow proliferative and marrow replacement
diseases, both diffuse and focal. MRI also has the ability to demonstrate very early
cortical abnormalities in cases of acute osteomyelitis, often earlier than other imaging
modalities. While nuclear medicine bone scintigraphy performs almost as well, MRI
has a slight edge, is more specific, and shows accompanying soft tissue abnormalities.
Furthermore, MRI can visualize all of the features involved in soft tissue inflammation
and joint damage in patients with inflammatory arthropathies, including active pathol-
ogy early in the disease course that allows for administration of disease-modifying
agents that may slow down progression and even reverse pathology.

Nuclear Medicine

Bone scintigraphy (BS), labeled WBC study, and PET and PET/CT are used most
commonly in the evaluation of musculoskeletal pathology. These studies all rou-
tinely use very large fields of view that permit whole body evaluation for multifocal
disease. As with numerous other nuclear medicine (NM) exams, a major advantage
of BS, labeled WBC study, PET, and PET/CT is high sensitivity and high negative
predictive value. On the other hand, these studies have low specificity, somewhat
long exam length (especially with labeled WBC studies), and relatively limited
ability to anatomically localize pathology. However, both specificity and anatomic
localization of abnormalities have improved for both BS and PET with the addition



122 S.E. Ling

of co-registered CT. Single photon emission CT (SPECT) has aided in localizing
lesions on BS. NM studies employed for musculoskeletal applications are generally
less expensive than MRI, with PET and PET/CT being exceptions.

Trauma

Osseous Trauma

In most cases, the imaging evaluation of acute or subacute musculoskeletal trauma
commences with plain radiographs. Although CR provides little useful information
about the soft tissues, it is sufficient to diagnose most fractures. In addition, radio-
graphs obtained in different positions can be used to exclude instability, e.g., flexion
and extension views of the spine to exclude ligamentous abnormalities [1].

At times, clinical suspicion of a fracture may persist despite negative radiographs.
In this case, there are several options depending upon the body part in question and
the age of the patient. For example, in the case of adult elbow trauma, it is usually
reasonable to treat a patient suspected of having a radial head fracture but with
negative radiographs conservatively using presumptive immobilization and have the
patient return for repeat radiographs a week to 14 days later [2]. At this time the bone
resorption related to early healing would make the previously occult fracture more
apparent [3].

A conservative strategy is inadvisable for some occult fractures, particularly in
weight-bearing bones. Instead, depending upon the patient’s age and the time delay
between the traumatic event and their presentation, other modalities, though more
costly, may speed diagnosis and allow earlier definitive treatment. Two imaging stud-
ies fall into this category, radionuclide BS and MRI. While it may be tempting to do a
CT scan when plain radiographs are negative, CT has relatively poor performance for
diagnosis of radiographically occult acute fractures compared with BS and MRI.

BS is less expensive than MRI, but the time delay between the traumatic event
and patient presentation will affect its diagnostic accuracy. In younger patients,
where the vascular supply to bone is unimpeded by atherosclerosis, BS will show at
least 95 % of fractures at approximately 24 h after the trauma. In older patients
48-72 h may be required to achieve this type of sensitivity [4]. So, if not enough
time has passed between the traumatic episode and evaluation, it is advisable to wait
before obtaining the scan or to use MRI for diagnosis.

MRI has an excellent track record with respect to diagnosing occult fractures.
Nearly all compression-type fractures are visible within a few hours on MRI.
It should be pointed out, however, that avulsion-type fractures may be problematic
because identification of osseous trauma on MR relies heavily on visualizing mar-
row space edema, much more so than trabecular discontinuity. Avulsion fractures
are typically small and so commonly generate little edema and hemorrhage in the
marrow space of either the parent bone or the avulsed fragment [5]. Furthermore,
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since the avulsed fragment is often small and primarily cortical in nature, it may be
difficult to identify on MRI. For example, MRI has relatively poor accuracy for
diagnosis of Segond fractures of the lateral tibial rim at the knee. It is important that
the requesting physician provide a detailed clinical history so that small avulsion
fractures are not overlooked when an MRI has been chosen to evaluate the patient.

Although MRI is excellent for diagnosing acute occult fractures, it is by a large
margin the most expensive modality in the diagnostic armamentarium. While some
institutions have adopted a limited sequence, less expensive MR examination proto-
col to assess for fractures, this practice has not become widely used, at least in part
because of constraints in billing and insurance reimbursements in today’s medical
practice environment.

In cases where initial radiographs are negative but there remains high clinical
suspicion for occult fracture, both MRI and to a slightly lesser degree BS have a
high degree of sensitivity for this diagnosis. The specificity of MRI is significantly
greater given its ability to display other types of bone (e.g., osteoarthritis, bone
contusion) [2] and adjacent soft tissue (e.g., muscle strain, muscle contusion, hema-
toma) pathology. American College of Radiology (ACR) appropriateness criteria
very strongly favor MR over BS. For scaphoid and distal radius fractures, CT is
recommended over BS when MRI is unavailable or contraindicated and the clini-
cian is unable to or does not desire to immobilize the wrist and obtain 7—14 day
follow-up radiographs [2] (Table 6.1).

Another problem with both BS and MRI is that many institutions, for economic
reasons, do not offer these modalities 24 h a day or even every day of the week.
If neither BS nor MRI is available, CT is the next best examination.

In contrast to extremity fractures, CT is used routinely in the initial evaluation of
acute spine trauma. According to the National Emergency X-Radiography
Utilization Study (NEXUS) criteria or Canadian C-Spine Rule (CCR) for cervical
spine injury (CSI) criteria, MDCT with sagittal and coronal reconstructions is gen-
erally the preferred first imaging study for patients at high risk for fracture [1, 6].
This migration from CR to CT has occurred in part because CR only has 70 %
sensitivity for cervical spine fractures. In pediatric patients less than 14 years of age
where the incidence of spinal injury is lower, CR remains the initial imaging proce-
dure of choice for acute spinal injury, in the cervical, thoracic, and lumbar spine in
order to minimize radiation exposure [1, 6].

Generally, in cases where MDCT is used for initial assessment of acute spinal
trauma, the entire spine should be imaged because severe trauma patients have a
high incidence of multiple, noncontiguous injuries [1, 6]. It should be noted that
thoracic and lumbar CT reconstructions derived from thoracic-abdomen-pelvic
examinations are adequate substitutes for primary spine imaging, obviating the need
for additional, formal spine CT imaging and thus avoiding unnecessary radiation
dose to the patient.

Spine MRI is excellent for evaluation of patients in which there is clinical suspicion
for spinal cord injury, cord compression, or ligamentous instability. Thus, MDCT of
the cervical spine should be supplemented with an MRI in patients with posttrau-
matic myelopathy, with clinical or imaging findings worrisome for ligamentous injury,
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Table 6.1 Fractures: efficacy of imaging modalities

Imaging modality ~Sensitivity Limitations

CR Radiation exposure
May take 7-10 days after injury to diagnose fracture
2-D representation of 3-D information
Sensitivity varies widely depending on anatomic location of injury
Assumes technically well done studies that use proper MAs,
kVp, etc., and include all pertinent views
CT Radiation exposure
Limited effectiveness in diagnosis of incomplete and non-
displaced, complete fractures

MRI 95 % Specificity less for small avulsion-type fractures that are often
better detected with CR or CT
BS 95 % Imaging not performed until 3—4 h after injection

Usually takes 2-3 days after injury to diagnose fracture with
high sensitivity in elderly adults
Specificity less for non-acute fractures

or with a mechanically unstable spine for presurgical planning [1, 6]. In cases with
clinical or imaging findings suggestive of arterial injury, MDCT of the cervical
spine should typically be accompanied by CTA or MRA of the head and neck [1, 6].

In both pediatric and adult populations, the major role of CT in evaluation of
extremity fractures is for surgical planning. CT provides extensive information on
the 3D anatomy and spatial relationships of fracture fragments. It is able to assess
whether or not a fracture involves a joint and show how much diastasis and step off is
present at the articular surface [2, 3, 7, 8]. CT may occasionally provide information
about tendon entrapment. Typically, it is at the orthopedist’s discretion to request a
planning CT once the decision has been made to operatively reduce the fracture.
CT angiography can be useful to confirm arterial injury in cases where vascular
compromise is clinically suspected from signs and symptoms such as abnormal
pedal pulses, skin pallor, parathesias, and coolness of the extremity [9].

MRI can occasionally be of use in preoperative planning of extremity fracture
reduction. Its role relates to identifying accompanying soft tissue injury [9], typically
after fracture-dislocations caused by high-energy trauma, e.g., dislocation of the
femorotibial joint of the knee. Here, MRI not only displays the status of the ligaments,
but also of the menisci, tendon insertions, and focal articular cartilage defects.

Stress fractures frequently are difficult to visualize using CR, particularly insuf-
ficiency type stress fractures because of the associated osteopenia. The sensitivity of
CR for early stress fracture detection may be as low as 15 % on initial imaging, with
follow-up X-rays sensitivity increasing to only 50 % [10, 11]. Nonetheless, it is
reasonable to begin the patient’s evaluation with CR primarily to exclude other
pathology. Often, however, an alternative study, either BS or MRI, will be required
to diagnose the fracture. Both have a high degree of accuracy for this diagnosis, but
MRI is generally the preferred examination because it depicts all of the anatomy
and it uses no ionizing radiation. Of course, MRI is more expensive than BS, and
this difference should be taken into consideration.
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Fig. 6.1 Workup of osseous trauma

Because BS only shows abnormal metabolic activity, findings are nonspecific
and always should be compared with recent CR [11, 12]. This practice will prevent
incorrectly interpreting a BS abnormality as a presumed clinical diagnosis. For
example, an osteoid osteoma and a stress fracture will have similar BS appearances,
but these are very different entities, requiring different therapy.

US plays a limited role in initial fracture diagnosis. US, using CR as a standard,
has a sensitivity and specificity of 94 % for lipohemarthrosis and hence detection of
occult fractures with intra-articular extension (Fig. 6.1).

Soft Tissue Trauma

Trauma to muscles, ligaments, and tendons may occur acutely as with a sudden mus-
cle strain or from chronic repetitive trauma, as with overuse syndromes like “tennis
elbow.” Other common soft tissue injuries include muscle contusions and intramuscu-
lar hematomas, cruciate ligament injury and meniscal tears in the knee, rotator cuff
tears of the shoulder, shoulder glenoid and hip acetabular labral tears, carpal intrinsic
ligament tears, sprains of the ankle, ankle and wrist tenosynovitis, and plantar fasciitis
in the foot. Tendons, e.g., the rotator cuff, biceps at the shoulder and elbow, gluteal,
hamstring, adductor, quadriceps, and Achilles tendons, may tear as a result of either
acute and/or chronic trauma or as a result of other infiltrating pathology that causes
degradation of the tendon’s integrity, e.g., fluquinolones, xanthomas, or tophi.



126 S.E. Ling

Regardless of whether the trauma is acute or chronic, MRI and US are the pre-
ferred imaging modalities for diagnosis. CR may be helpful initially to exclude
underlying pathology masquerading as trauma and to provide information about the
adjacent osseous structures that MRI or US might not show. For instance, an avulsion
fracture from the dorsal triquetrum at the attachment of the ulnotriquetral ligament
will be better depicted on CR and aid the underlying soft tissue diagnosis.

MRI easily distinguishes among several different types of soft tissue, displaying
a high level of anatomic detail for the evaluation of muscles, tendons, ligaments,
fat, fascia, hyaline articular cartilage, and fibrocartilage, e.g., joint labra and menisci,
the triangular fibrocartilage complex (TFCC) of the wrist, and the articular disc
of the temporomandibular joint (TMJ). It can image any part of the body as long as
there is no contraindication to placing a patient in the magnet and there is no artifact
inducing material near the part to be imaged.

US is useful in evaluation of tendons and ligaments when the target structure is
accessible to the penetrating US waves. The exam is usually most efficacious when
applied to specific clinical questions that require focused imaging performed in a
small anatomic area. Suspected tears of the Achilles, patellar, quadriceps, hamstring
tendons, and rotator cuff fall into this category.

As discussed above, US shows anatomy in real time, allowing for visualization
of motion. This can be useful in trauma to elicit extensor tendon subluxation in the
fingers related to ligament tears, ulnar nerve subluxation-dislocation in and out of the
cubital tunnel at the elbow, ankle tendon dislocations at the hind foot, and myofascial
tears of muscles.

CT, in some cases, can diagnose trauma to tendons, muscles, and ligaments, but
compared with MRI, its capability is limited. CT suffers from poor contrast resolu-
tion in evaluating the musculoskeletal system.

Although soft tissue abnormalities, both traumatic and non-traumatic, occasion-
ally can be detected on BS, this study is not accurate enough to warrant its use for
this purpose. In fact, these findings typically are noted incidentally on a BS obtained
for a different purpose (Fig. 6.2).

Infection

Osseous Infection (Osteomyelitis)

Osteomyelitis is common in certain populations, e.g., diabetics. The vast majority
(>90 %) of pediatric cases of osteomyelitis arise through hematogenous dissemina-
tion of the infectious agent, usually Staphylococcus aureus [13, 14]. Adult osteomy-
elitis, on the other hand, overwhelmingly (>90 %) results from contiguous spread of
adjacent soft tissue infection, whether from a soft tissue ulcer or less commonly
pyomyositis [13]. A small proportion of osteomyelitis in adults results from
hematogenous spread [13]. This occurs most commonly in patients who have large
intravascular boli of organisms, e.g., intravenous drug users (IVDA) in whom the spine
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Fig. 6.2 Workup of soft tissue trauma

and sternoclavicular and acromioclavicular joints are common sites of infection
[13, 15]. Osteomyelitis in any bone can spread to adjacent joints and cause septic
arthritis [13, 16].

Of course, imaging can be employed not only to diagnose osteomyelitis, but also
to evaluate healing in response to treatment. Finally, CR is valuable in defining
postoperative anatomy in patients who have had normal anatomy altered either
surgically or from neuropathic arthropathy.

Although the specificity of CR for osteomyelitis is moderately high (80 %), its
sensitivity is low (54 %). The low sensitivity results from the fact that there must be
substantial trabecular bone destruction for osteomyelitis to be evident on plain
radiographs, usually 50-70 % [14]. As a result, the destructive changes associated
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with osteomyelitis typically are not demonstrated by radiographs until 10-14 days
after the start of the infection [13, 14, 17]. CR’s sensitivity for sequestra (10—15 %)
and cloacae is also low [18]. As with acute fractures, the delay between infection’s
onset and visibility on CR is more prolonged in the elderly population.

Although CR may have a lower sensitivity than some other modalities, it is inex-
pensive. If CR reveals osteomyelitis, the work up can stop there in most cases.
Furthermore, if additional imaging is required, a plain radiographic study of the
same body part is essential for comparison, especially when there is confusing or
altered anatomy, e.g., patients with amputations [17].

MRI and NM have equivalent high sensitivity for diagnosis of osteomyelitis, but
the former is able to detect the infection slightly earlier in its course, at most a day or
two. As with occult fractures, BS may not show osteomyelitis in elderly adults until
2-3 days from the onset of infection. Once again, BS is less expensive than MRI.

Thus, while CR is the initial imaging modality of choice in the diagnostic workup
for osteomyelitis, MRI is usually the second imaging study chosen if CR is non-
diagnostic [13, 14]. MRI is exquisitely sensitive to cortical destruction and also can
show bone marrow and soft tissue edema. Typically, IV contrast does not increase
MRT’s sensitivity for acute osteomyelitis. On the other hand, contrast often can be
helpful in detection of findings typically associated with osteomyelitis such as soft
tissue and intra-osseous abscesses and bony sequestra [13]. MRI with added IV
contrast plus fat suppression has been reported to raise specificity for osteomyelitis
from 81 to 93 % [19]. Furthermore, contrast can aid in the differentiation of nonvi-
able necrotic soft tissues from viable tissue, thus aiding operative planning [17, 20].

Unfortunately, the specificity of MRI for acute osteomyelitis drops in compli-
cated cases that involve acute or chronic osteomyelitis; patients who are recently
postoperative; patients who have had a recent fracture; or who have underlying
conditions such as neuropathic or inflammatory arthropathy [14, 17]. In some cases,
particularly in patients with neuropathic arthritis, labeled WBC radionuclide scans
or FDG-PET scans are more efficacious than MRI to diagnose associated osteomy-
elitis [14]. Occasionally, bone biopsy will frequently be required to make the diag-
nosis or if an unusual organism is suspected.

Findings on follow-up MRI studies in patients with osteomyelitis routinely lag
the clinical picture, and so can give an incorrect impression of the status of patients
who are undergoing or recently had treatment. Findings on MRI such as marrow
edema and marrow enhancement may worsen during the treatment phase, not showing
improvement until later on. Regardless, evidence of progressive bone destruction
should not be evident and indicates worsening infection.

In patients who are unable to have MRI, whether due to unavailability of or con-
traindication to the exam, BS may be used instead. As mentioned, BS has equally
high sensitivity for detection of osteomyelitis as MRI and as a result has extremely
high negative predictive value; a negative study virtually excludes osteomyelitis
[14]. In addition, BS allows imaging of the entire skeleton, making it valuable
in cases of suspected multifocal infection such as chronic recurrent multifocal
osteomyelitis. The main drawbacks of BS are its inability to detect infection as early
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as MRI, and its lower specificity compared with MRI, CR, and other studies [14].
The development of single photon emission CT (SPECT) in registration with stan-
dard CT has mitigated some of these issues but also has increased the cost of nuclear
medicine studies substantially. In some special circumstances, such as cases of mul-
tifocal osteomyelitis and osteomyelitis around prostheses, BS combined with
labeled WBC study can be particularly beneficial; the labeled WBC study improves
the low specificity of BS alone [17]. Labeled WBC studies are most useful in the
appendicular skeleton. Many studies have shown problems with false negatives and
low sensitivity for osteomyelitis of the spine evaluated with labeled WBC [21].

Diagnosing ongoing chronic osteomyelitis can be difficult. Early studies using
FDG-PET showed higher sensitivity and specificity than other NM studies and MRI
both [14]. A recent meta-analysis that reviewed the accuracy of multiple imaging
modalities for the diagnosis of chronic osteomyelitis showed FDG-PET to be the most
accurate, with a sensitivity of 96 % and specificity of 91 %. In comparison, the sensi-
tivity and specificity of MRI was 84 % and 60 %, respectively. Labeled WBC study
had a sensitivity of 84 % and a specificity of 80 %, but these values decreased consid-
erably when cases involving the axial skeleton were included [22]. Relative unavail-
ability and high cost are significant stumbling blocks for FDG-PET.

Although MRI often can diagnose a sequestrum, CT is slightly more sensitive
because it is exquisitely sensitive for detecting calcification and ossification [13].
CT is especially applicable if the suspected sequestrum is small or IV contrast can-
not be administered with the MRI [13, 14]. On the other hand, if a patient can toler-
ate IV contrast, MRI is superior to CT in determination of the viability of infected
bone, and even more accurate than CT in the detection of necrotic soft tissues that
may require surgical debridement [13, 17].

In selected locations in the body where radiographs do not display the anatomy
clearly CT is the preferred initial examination in cases of suspected osteomyelitis,
e.g., sternoclavicular joints [13, 14]. CT also may be preferred in areas where respi-
ratory motion may degrade MRI image quality, e.g., the chest and abdominal walls
[23, 24]. CT, if positive, is capable of providing precise anatomic localization of
osteomyelitis. It also is able to guide bone biopsy. CT is very limited in evaluation
of the marrow space compared with MRI [14, 17] (Table 6.2).

US plays a minor role in the diagnosis of osteomyelitis. The modality cannot
detect intra-osseous pathology such as medullary bone destruction, sequestrum, and
intra-osseous abscess [14, 17]. US does have very good utility in the detection of
infection of the soft tissues adjacent to infected bone and periosteal abnormalities
primarily in children. For instance, US can identify periosteal elevation and accom-
panying subperiosteal fluid collections such as abscess, and it also is able to demon-
strate neighboring soft tissue abscesses in patients with osteomyelitis [14]. In
addition, in cases where osteomyelitis is intra-capsular in location, such as the fem-
oral neck, US has high sensitivity in detection of joint effusion, but it cannot distin-
guish whether the effusion reflects complicating septic arthritis or is merely reactive
in etiology [14]. US, like CT, can provide guidance for aspiration of fluid collections
and joint effusions related to osteomyelitis (Fig. 6.3).
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Osteomyelitis suspected
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Fig. 6.3 Workup of osseous infection (osteomyelitis)
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Spinal Infection (Osteomyelitis-Discitis, Spondylodiscitis)

Spinal osteomyelitis and discitis represents only approximately 5 % of all cases of
osteomyelitis. Spondylodiscitis occurs most frequently in the lumbosacral spine.
Cervical spine involvement is least common. Epidural spread is not uncommon but
is a source of significant morbidity and mortality. Rarely, the infection spreads to
the meninges and spinal cord, usually with devastating results [25]. As in the case
of patients with extra-spinal osteomyelitis, bacterial infection is much more com-
mon than fungal or parasitic etiologies, and again S. aureus is the most common
causative organism, accounting for more than half of cases (60 %) [25]. Gram nega-
tive pyogenic and polymicrobial infection is also frequently seen. Mycobacterium
infection, including M. tuberculosis, is another common etiology, particularly in
developing countries, where it is widespread and even endemic [25].

As with evaluation of osteomyelitis elsewhere, CR is the first study for imaging
patients with suspected osteomyelitis-discitis. As with other locations, the sensi-
tivity of X-rays for spondylitis is low, especially early in the course of the disease.
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In adults, endplate cortical destruction, the most specific finding for pyogenic infection,
is usually not evident on radiographs until at least 4—6 weeks after the onset of
infection [25]. The sensitivity of radiographs for spinal infections for non-pyogenic
osteomyelitis-discitis is worse—minimal to none. CR also has limited specificity
for discitis-osteomyelitis [25]. Overall, disc space narrowing is most frequently
the result of degenerative disc disease and occasionally even erosion and irregu-
larity may be seen in severe degenerative disc disease. Gross bone destruction and
osseous fragmentation can be the result of amyloid spondyloarthropathy and neu-
ropathic arthropathy [25].

MRI is the gold standard in imaging of spinal infection [13, 25]. Numerous stud-
ies have shown that MRI has very high sensitivity, specificity, and accuracy for
osteomyelitis-discitis, approximately 96 %, 92 %, and 94 %, respectively. These
figures exceed those of any other imaging modality [25]. MRI’s performance in
detection of bone and disc infection stems from its excellent depiction of disc fluid,
endplate cortical erosion, overt bone destruction, and bone marrow edema. It is also
sensitive for identification of associated inflammatory phlegmon and abscess,
usually either epidural or retroperitoneal within the psoas muscle. These usually
require drainage for successful treatment. IV contrast can provide additional value,
providing better delineation of fluid collections and improved detection of necrotic
tissue and sequestra.

CT is sometimes beneficial in the workup of osteomyelitis-discitis. Like MRI,
CT is capable of providing precise anatomic localization and detail in osteomyelitis-
discitis. As expected, however, CT is beset by the same disadvantages relative to
MRI as in the diagnosis of osteomyelitis outside the spine. Unless MRI is unavail-
able or contraindicated, CT is generally no longer used for this diagnosis.

NM studies play a small role in the initial diagnosis of osteomyelitis-discitis
except in postoperative patients where distinction between operative changes and
infection is difficult on MRI [25]. As with extra-axial infection, BS and labeled
WBC studies either alone or in combination are typically used in postoperative
patients. PET has not proven to be dependable in the diagnosis of spondylodiscitis,
although the addition of CT improves anatomic localization and specificity
(Fig. 6.4).

Joint Infection (Septic Arthritis)

In the clinical setting of a single acutely painful joint, septic arthritis should be
strongly considered and evaluated emergently to avoid rapid irreversible destruction
of the joint [26]. Septic arthritis in children typically arises from hematogenous
inoculation of the joint, while in adults it arises from direct inoculation of the
joint. Osteomyelitis that is intracapsular to a joint also can give rise to septic arthritis
[13, 16].

Certain patient populations have a predilection to develop septic arthritis, in
particular anatomic locations. For instance, in IVDA, the acromioclavicular joints,
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Fig. 6.5 Workup of joint infection (septic arthritis)

sternoclavicular joints, vertebral discs, and sacroiliac joints are commonly involved
[15]. Patients within 6 months of arthroplasty are also prone to infection.

Joint aspiration remains the gold standard in the diagnosis of acute septic arthri-
tis [13, 26]. MRI and US can confirm the presence of joint fluid prior to joint aspi-
ration, but they cannot reliably distinguish sterile joint fluid from infected joint
fluid [26]. In fact, routine imaging cannot exclude septic arthritis even with a nor-
mal examination [13]. Regardless, both MRI and US are only occasionally per-
formed and almost always are unnecessary since they do not obviate the need for
joint aspiration [13]. On the other hand, fluoroscopy and US can be useful to guide
joint aspiration procedures. When there is clinical concern for chronic septic arthritis,
in the majority of patients joint aspiration remains the initial examination.
However, one should at least consider performing synovial biopsy, placing more
emphasis on evaluation for less common infectious agents such as mycobacteria
and fungi [26].

To summarize, although laboratory results may be normal in an acutely infected
joint, clinical data, i.e., elevated CRP, sedimentation rate, leukocytosis, fever, sys-
temic infection, and joint pain, should be emphasized over and pursued earlier
than most imaging studies. Judicious use of advanced imaging techniques such as
MRI, US, and nuclear medicine may help exclude alternative diagnoses, but joint
aspiration and culture is the examination of choice in cases of septic arthritis
(Fig. 6.5).
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Soft Tissue Abscess

Soft tissue abscesses may arise through multiple pathways: direct implantation,
infection in the adjacent soft tissues, or most commonly hematogenous spread of
infectious organisms (usually bacteria) [13]. These fluid collections are generally
seen more often in patients who have depressed immune systems, bacteremia,
sepsis, infectious endocarditis, or a history of recent surgery or penetrating trauma.
In the IVDA population, abscesses in the soft tissues are commonly related to the
use of unsterilized needles and injectates, and so they tend to arise in areas where
users inject.

Although CR has very low sensitivity for soft tissue abscess, this is the standard
first imaging study, usually to exclude foreign bodies and soft tissue gas [17].
Radiographs rarely demonstrate a discrete appearing mass in the soft tissues. They more
frequently will show focal soft tissue swelling and edema.

MRI and CT, both with IV contrast, routinely detect fluid collections in the soft
tissues. Although MRI without IV contrast can detect abscesses, contrast enhanced
MRI has greater sensitivity, particularly for smaller abscesses as may be seen with
pyomyositis [13]. The soft tissue contrast resolution of CT with IV contrast is mod-
erate and inferior to that of MRI. Moreover, depending on the timing of CT image
acquisition relative to administration of the IV contrast, the fluid collection may
have poor conspicuity and go undetected. Therefore, MRI with IV contrast is the
preferred examination for diagnosis of a soft tissue abscess [13, 17, 26]. In addition
to its utility in evaluation for soft tissue abscesses, MRI can characterize the extent
of tissue devitalization and so facilitate operative planning for soft tissue debride-
ment or amputation [17, 20].

Abscesses are also easily diagnosed with targeted US. Using color Doppler, US
can add further value in some cases by assessing the vascularity of the wall of the
collection and adjacent soft tissues. The presence of hypervascularity in the wall
and surrounding soft tissue favors a diagnosis of abscess over a noninfected collec-
tion such as seroma or hematoma [17]. It should be cautioned, however, that there
can be significant overlap in the vascularity and central echogenicity of these differ-
ent types of fluid collections because seromas and hematomas can become superin-
fected. As a result, fluid aspiration often is needed for definitive diagnosis. Both CT
and US can provide excellent guidance for this procedure [17, 27].

The differential diagnosis of soft tissue abscess on MRI, CT, and US includes
muscle infarction and necrotic tumor [28]. Differentiating between abscess and
necrotic tumor often can be done clinically. On the other hand, distinguishing
between abscess and muscle infarction, most commonly seen as a complication of
diabetes, typically requires aspiration to determine the cause of the collection.

Labeled WBC study for soft tissue abscess is less often utilized than MRI, CT
and US because it provides limited anatomic localization of abscesses [29].
Furthermore, labeled WBC exams take much longer to perform than other modali-
ties, and this can be a problem in acutely ill patients or because it can increase an
inpatient’s length-of-stay. Nonetheless it has high sensitivity and excellent specificity
for abscess (Table 6.3, Fig. 6.6).
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Table 6.3 Soft tissue abscess: efficacy of imaging modalities

Imaging
modality Sensitivity Specificity Limitations
CR + +++++  Radiation exposure
Poor soft tissue evaluation
Finding of discrete soft tissue fluid collection/
mass only occasionally seen, with collec-
tion +internal air or air fluid level rare
UsS ++++H++H++H+ A+ Specificity mildly reduced by other possible fluid
collections (e.g., hematoma, seroma)
CT (with IV +++/++++ ++++ Radiation exposure
contrast) Soft tissue contrast less than MRI
Peripheral, rim-like wall enhancement dependent
on appropriate timing of IV contrast injection
MRI (without  ++++/+++++ ++++ Not always (readily) available
and with IV Expensive
contrast) Long study length may result in image quality

degraded by motion artifact (difficult for very
ill patients to remain in scanner for complete
study)

Nephrogenic systemic fibrosis (NSF) risk from IV
gadolinium-based contrast agents (GBCAs)

Sensitivity reduced if no IV contrast (particularly
with small, less conspicuous fluid collections)

Labeled WBC  ++++ ++++ Very long study length (imaging at 24 and

possibly 48 h postinjection of labeled WBC)

Limited precise anatomic localization of
pathology due to low contrast resolution
(better with SPECT, more recent unequivocal
improvement with CT)

Pyomyositis

Known also as infectious myositis, pyomyositis is rare with higher incidence in
immunocompromised patients, e.g., diabetes and AIDS [15, 16]. The disorder most
often afflicts the thighs and buttocks and is multifocal in approximately 50 % of
cases [15]. A minority of patients develop one or more intramuscular abscesses,
often small in size [13]. If pyomyositis is not complicated by soft tissue abscess,
MRI, CT, and US will typically show features of nonspecific edema and distortion
of soft tissue planes, analogous to what is seen on CR.

Necrotizing Fasciitis

Necrotizing fasciitis is a fulminant and rapidly spreading infection of the tissues
around the deep fascia, associated with a high degree of morbidity and mortality.
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Fig. 6.6 Workup of soft tissue abscess

Given its virulent nature, prompt treatment is essential. Findings on cross-
sectional imaging tend to be nonspecific until late in the disease. As a result, necro-
tizing fasciitis is primarily a clinical diagnosis and imaging plays a limited role in
diagnosing this entity.
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Neoplastic and Non-Neoplastic Space Occupying Lesions

Focal Lesions of Bone

Radiographs are indispensable in the evaluation of focal lesions of bone, whether
primary neoplasms, secondary neoplasms, or non-neoplastic. In the majority of
cases analysis of radiographic findings allows either a definitive diagnosis or a narrow
differential diagnosis [30, 31]. In fact, radiographs are often diagnostically superior
to more advanced imaging modalities, and they are invariably less expensive. Today,
CR remains the gold standard for establishment of the appropriate diagnosis of
tumor and tumor-like bone lesions [32]. In some cases, however, MRI and CT may
provide additional information that narrows the differential diagnostic consider-
ations. For example, a finding of multiple fluid-fluid levels in a lesion on MRI may
suggest a diagnosis of aneurysmal bone cyst.

Often focal bone lesions are asymptomatic and incidentally noted on radiographs
that were obtained for unrelated reasons. Many of these lesions have classic radio-
graphic appearances and correlate with nonaggressive, benign entities that may not
require additional work up, e.g., non-ossifying fibroma, mature osteochondroma,
and bone island. Some lesions, although benign, may require further evaluation
as they may enlarge and cause symptoms or threaten the integrity of the bone,
e.g., unicameral bone cysts, aneurysmal bone cysts, giant cell tumors, and chondro-
blastomas. In these cases, evaluation with MRI or CT provides the anatomic detail
needed for surgical planning to define the size of the lesion and what adjacent ana-
tomic structures it impacts [32].

Sometimes a focal bone lesion is suspected clinically. If radiographs are negative,
depending upon the lesion suspected, a BS, CT, or MRI may be the next imaging
choice. Whether suspected or incidentally discovered on advanced imaging, CR is
usually obtained to further define the nature of the lesion. If the radiographs do not
adequately show the lesion or fail to make the diagnosis, CT or MRI may be
required. Although most primary lesions of bone are best evaluated with MRI, CT
is preferred over MRI for lesions that are juxtacortical-periosteal, located in flat
bones that have thin cortices and little marrow space, and for detection and charac-
terization of tumor matrix mineralization [32] (Fig. 6.7).

Metastases to Bone

Metastases to bone are common, occurring much more often than primary bone
tumors. From 30 to 70 % of cancer patients will develop osseous metastases during
the course of their illness [33]. Although many epithelial neoplasms metastasize to
bone, lung, breast, prostate, renal, and thyroid malignancies are the most common.

Some malignancies, e.g., prostate cancer, have laboratory tests that can suggest
progression or spread of disease, but no laboratory test is specific enough to predict
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Fig. 6.7 Workup of focal lesions of bone

metastases to bone. In addition, many skeletal metastases are asymptomatic and are
detected only on routine screening or when a patient presents with a complication
of a metastasis such as a pathologic fracture [12, 33].

In general, a minimum of about 30 % bone destruction is required before CR will
depict osteolytic lesions [34]. Some studies report even higher threshold values,
50 % [35] or even 70 % destruction. Thus, radiographs have low sensitivity for bone
metastases, particularly early ones. As a result, the imaging workup for osseous
metastatic disease from most epithelial malignancies begins with BS, which has
been shown to have high sensitivity for this use. BS is most effective for osteoblastic
metastases, the majority of which arise from breast or prostate cancer. The sensitiv-
ity of BS for osteolytic metastases is lower than for blastic metastases, particularly
with renal and thyroid cancer where the lesions are often highly destructive.
Nevertheless, BS’s sensitivity for detection of osteolytic metastases is high (86 %) [33].
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For primary malignancies that uncommonly or rarely metastasize to the skeletal
system, e.g., gastrointestinal and gynecological malignancies, BS is usually obtained
at time of initial presentation only when there is evidence of advanced disease [36].
Thus, BS currently forms the mainstay of initial screening for metastatic disease as
well as a part of routine follow-up of cancer patients.

BS has the advantage of imaging the entire skeleton. This is important since
nearly 15 % of bone metastases occur in locations in the appendicular skeleton not
routinely imaged on a skeletal survey [12]. Today, newer imaging techniques such
as whole body (WB) MRI, PET, and PET/CT are able to evaluate nearly the entire
skeleton on a single study. On meta-analysis BS has moderate to high specificity in
detection of osseous metastases on a per-patient basis with overall sensitivity and
specificity of 86 % and 81 %, respectively. Even so both MRI (91 and 95 %) and
FDG-PET (90 and 97 %) exhibit higher sensitivity and specificity than BS [33].
Thus far, however, BS remains the mainstay of work up because it is low cost and is
nearly as sensitive as more expensive examinations.

Although some patterns of abnormality on BS clearly indicate metastases, others
are nonspecific. As a result, when areas of abnormal radionuclide uptake are discov-
ered on a BS done to exclude metastases, comparison radiographs are required to
exclude benign pathology, such as degenerative disc disease, as the etiology of the
BS abnormality [33]. This means that if no benign explanation or no abnormality at
all is visible on CR, the BS lesion is taken to represent a metastasis, and further
work up must be pursued.

A solitary lesion on BS in patients with a known primary epithelial malignancy
is common. The frequency varies with the type of primary malignancy and the loca-
tion of the BS abnormality. For example, such a finding in the rib cage reflects a
bone metastasis approximately 25 % (range: 10—40 %) of the time [37]. More often
than not, the BS finding will require additional evaluation with radiographs. If these
are unrevealing, MRI, PET, and/or PET-CT may be required [12]. Similarly, this
protocol can be applied to BS studies showing multiple foci of abnormal uptake.
Biopsy may be necessary in some of the cases in which imaging is diagnostically
inconclusive [12].

Most primary malignancies of bone, as opposed to epithelial cancers, do not
metastasize to other skeletal sites and so BS is not indicated. On the other hand, both
osteosarcoma and Ewing’s sarcoma often do spread to other skeletal sites, and so
BS is a necessary part of the evaluation in patients with these tumors [12].

The main role of CT in the evaluation of a bone metastasis is to determine
whether the lesion has caused enough cortical destruction to put the bone at risk for
pathologic fracture [32]. CT is insensitive at detecting malignant marrow infiltration
and so has only low to moderate sensitivity for osseous metastatic involvement [33].
As aresult, it is not used for screening or evaluation of most lesions.

MRI is an excellent imaging choice for assessment of the bone marrow [32, 38]
and will show osseous metastases that do not involve the cortex. In fact, as mentioned
above, (WB) MRI has specificity and sensitivity that is equal to or greater than that of
BS and FDG-PET/CT. Even so, BS is favored by current ACR guidelines over MRI [12].
As such, MRI is a good staging tool, but has little value in screening.
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MRI, because of its high sensitivity to bone infiltration, has a tendency to over-
estimate the amount of cortical destruction a metastasis has caused. As a result, it
poorly predicts if a metastasis is of orthopedic significance. Also, conventional MRI
has a poor track record when it comes to distinguishing acute traumatic or osteo-
porotic compression fractures from pathologic fractures in the spine. Some have
suggested that MRI with diffusion-weighted imaging may be more effective at
differentiating between benign and malignant vertebral collapse, but this technique
is still under investigation [12].

Finally, ACR Appropriateness Criteria state that MRI for metastatic bone disease
does not require administration of IV contrast. Vertebral metastases form an exception
because here I'V contrast can help to outline soft tissue extension. Regardless, IV con-
trast tends to be useful in the evaluation of primary soft tissue lesions [12, 39].

FDG-PET has high contrast resolution and allows for whole body evaluation.
In addition, unlike most other imaging modalities, it provides information about
metabolic activity [32]. As such, it provides both morphologic and physiologic infor-
mation. FDG-PET is better at identifying osteolytic or mixed lytic and blastic metas-
tases than those that are purely blastic. This explains why BS remains the screening
test of choice for osteoblastic bone metastases [33, 40, 41] (Table 6.4, Fig. 6.8).

Multiple Myeloma

Multiple myeloma (MM), including its cousin plasmacytoma, is the most common
primary malignancy of bone. Although MM commonly causes lytic lesions in bone,
it has some unique features that deserve elucidation. Histomorphometric studies
have shown uncoupled or severely imbalanced bone remodeling with increased
bone resorption and decreased or absent bone formation in patients with multiple
myeloma. Specifically there is stimulation of osteoclast formation and activity in
close proximity to myeloma cells. Concurrently, myeloma cells suppress osteo-
blasts and thereby inhibit bone formation. In addition to blocking osteoblast forma-
tion and inhibiting osteoblast function, myeloma cells have also been reported to
up-regulate osteoblast apoptosis [34]. Nearly 10 % of MM patients present with
diffuse osteopenia on CR at the time of diagnosis [34]. The remaining patients are
either radiographically normal or have visible lytic lesions. Eventually, as many as
90 % of MM patients will develop osteolytic lesions [34].

Only about 50 % of myeloma lesions are detected by BS, making it inappropriate
as a screening tool for active MM. As a result, skeletal survey (SS), a radiographic
technique that images nearly the entire skeleton, traditionally has been the test used
to diagnose and follow patients with MM. As in the case of osseous metastatic dis-
ease, extensive destruction of bone, between 30 and 75 %, must be present before
myeloma lesions become evident on SS [42, 43]. Despite the diagnostic limitations
of SS, as recently as in 2009, the International Myeloma Working Group IMWG)
issued a consensus statement on the role of imaging techniques in multiple myeloma
in which whole body X-ray, i.e., SS, was considered the standard for initial staging
of MM [34, 42].
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Table 6.4 Bone metastases: efficacy of imaging modalities®

Imaging
modality ~ Sensitivity*  Specificity* Limitations

CR Sensitivity very low
Especially limited in areas of overlapping structures, deep
locations, and anatomically complex bones and joints

CT 73 % (77 %) 95 % (83 %) Insensitive, inadequate assessment of marrow
involvement
Sensitivity moderate but comparatively low (vs. MRI,
BS, FDG-PET)
MRI® 91 % (90 %) 95 % (96 %) Whole body (WB) MRI specificity and sensitivity

equal to or greater than each of BS and FDG-PET/
CT separately, but either BS (i.e., initial presentation
breast cancer ) or FDG-PET/CT (i.e., initial
presentation breast cancer with negative BS, or
known bone metastases with pathologic femur
fracture) may be favored by current ACR guidelines
over MRI in some instances

Limited quantification of cortical bone destruction
(vs. CT)

BS¢ 86 % (75 %) 81 % (94 %) Sensitivity reduced by false negatives resulting from
rapidly growing, near purely osseous metastases
(e.g., renal, thyroid)

Specificity reduced by high false positive rate caused
by increased turnover of bone in numerous benign
primary bone tumors, non-neoplastic lesions,
fractures, and degenerative disease

Worse accuracy than FDG-PET/CT overall

Preferred over FDG-PET for osteoblastic metastases

“Flare” effect on follow-up imaging after therapy can
be misleading in patients with positive response to
treatment

FDG-PET! 90 % (87 %) 97 % (97 %) Sensitivity for detection of osteoblastic metastases lower
than for osteolytic and mixed lytic/blastic lesions

FDG-PET/CT better than FDG-PET

[33] Meta-analysis—67 articles, 145 studies, 1995-2010

20n per-patient basis (per-lesion basis)

Includes both conventional axial and whole body MRI, and both unenhanced and contrast
enhanced MRI

‘Includes BS both with and without SPECT

YIncludes both FDG-PET and FDG-PET/CT

IMWG guidelines recommend initial staging of patients with either multiple
myeloma or monoclonal gammopathy of unknown significance (MGUS) but nor-
mal SS with (WB) MRI. This same technique also is recommended for the initial
evaluation of patients with an apparently solitary plasmacytoma [34, 44].

FDG-PET has a higher sensitivity for myeloma bone lesions compared with SS
[42], but FDG-PET appears to be less sensitive than MRI (particularly in the spine
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Fig. 6.8 Workup of metastatic bone disease

and pelvis), especially in cases of diffuse bone infiltration instead of localized lytic
lesions [42, 45, 46]. Although more study is needed, at the current time MRI appears
to be a better choice than FDG-PET for the initial staging of MM [42]. On the other
hand, FDG-PET, with its ability to provide information about the physiologic activity
of disease, may be preferable to MRI for follow-up imaging since treated lesions
may still be evident on MR after therapy [45].

In summary, despite the limitations of SS and evidence in the literature of much
higher sensitivity for more advanced imaging techniques such as (WB) MRI,
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FDG-PET, and FDG-PET/CT, skeletal survey presently remains the gold standard
in imaging workup of MM [34]. In addition, since according to current guidelines
of the IMWG, only symptomatic MM patients receive treatment, skeletal survey
remains the mainstay of radiological evaluation of myeloma patients (Table 6.5,
Fig. 6.9).

All in all, radiographs form the lynch pin of accurate diagnosis of focal osseous
lesions. They serve as the first line of imaging, except in a few specific clinical situ-
ations as described above. In cases where radiographs are non-diagnostic, in younger
patients and in patients who have no history of epithelial neoplasm, MRI is usually
the next study chosen to evaluate an osseous lesion [47]. On the other hand, if the
lesion’s appearance is consistent with a metastasis from an epithelial tumor, BS is
usually the next study chosen in order to determine if there are other metastases
elsewhere in the skeleton [12, 47]. Overall, CT is used less frequently than MRI, but
it is the correct choice in selected circumstances: some specific entities, e.g., osteoid
osteoma, certain anatomic locations, e.g., juxtacortical or location in a flat bone, to
evaluate tumor matrix, i.e., osteoid, chondroid, and to evaluate if a lesion is of
orthopedic significance [32].

Soft Tissue Lesions

Typically, patients present for evaluation of a soft tissue mass because they have
noted a palpable lesion, a new localized asymmetry in the appearance of their body,
or pain in a specific area. Sometimes clinicians may detect the masses or asymme-
tries on physical examination. Benign tumors of the soft tissues are overwhelmingly
more common than malignant soft tissue tumors (100:1) [48], the most common
being a lipoma.

While CR is typically the first examination to evaluate bone lesions, it has little
utility for soft tissue masses other than occasionally to show evidence of fat or some
calcification or ossification within a mass. More advanced imaging, particularly
MRI, but also US and CT, is required to visualize and characterize soft tissue mass
lesions [23].

MRI is the gold standard for evaluation of soft tissue masses, again because of its
inherent soft tissue contrast resolution [23, 32, 39, 48, 49]. Because MRI can show
bone marrow and cortical bone destruction, it readily depicts when a mass involves
or arises from the marrow space to secondarily involve the adjacent soft tissues and
vice versa.

In cases where a lesion is suspected on physical examination, MRI can confirm
whether or not a lesion is actually present [39]. The technique can also distinguish
between cystic and solid masses. MRI is the preferred imaging modality to evaluate
spontaneous soft tissue hemorrhage in middle age and elderly adults as this is often
a sign of an underlying neoplasm [23].

In the majority of cases, MRI findings will characterize the mass, what adjacent
structures the mass involves and in some cases whether the mass is benign or
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Fig. 6.9 Workup of multiple myeloma

malignant. Some lesions have a characteristic MRI appearance, permitting a confi-
dent diagnosis, e.g., various types of cysts, soft tissue hemangioma, lipoma,
Morton’s neuroma, plantar fibroma, elastofibroma, and fibrolipomatous hamar-
toma [39, 48, 49].

In the majority of cases, however, MRI findings will not yield a single diagnosis
or sometimes even a confident determination that a lesion is benign [39, 48].
Because MRI can differentiate between necrotic/cystic and more viable, solid areas
of a tumor, it may be used to direct where a lesion should be biopsied [23, 32].

Historically, CT was a front line imaging study for detection and characterization
of soft tissue masses. As noted above, MRI has largely replaced CT in this capacity.
In specific situations CT still has a role in evaluation of focal soft tissue lesions, for
example to detect and characterize calcifications within a lesion or in anatomic
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locations where motion artifact can degrade MRI image quality, e.g., lesions in the
chest wall [23, 32]. CT, with its exquisite sensitivity for detection of calcium, may
show lesion calcifications that are otherwise radiographically occult. This is valu-
able, for example, to differentiate myositis ossificans from a soft tissue malignancy.
In its earlier stages, myositis ossificans can appear aggressive on MRI and so be
mistaken for a malignant lesion [39, 50]. Here, CT has an advantage over MRI
because it shows the organization of the newly ossifying tissues to better advantage,
and this usually suffices to exclude malignancy [23].

US has a problem solving role in the evaluation of soft tissue lesions. As men-
tioned previously, its two main diagnostic strengths are its ability to differentiate
between a cystic and solid mass [23, 49] and to show the level of vascularity of a
lesion. For example, many lesions located around joints are cystic, e.g., ganglion
cysts, synovial cysts, paralabral cysts, parameniscal cysts, Baker’s cysts, or dis-
tended bursae. US not only can demonstrate that a lesion is cystic, but it also may
show communication between the lesion and the adjacent joint space. US also can
detect tiny calcifications, but CT is better for this application. As with other modali-
ties US is unable to distinguish reliably between benign and malignant lesions,
since there is significant overlap in findings [51].

US examinations have been developed for other specific indications such as
evaluating Morton’s neuromas and plantar fibromas in the feet or to diagnose rota-
tor cuff tears in the shoulder. Regardless, because US is time-consuming and has
limited fields of view, MRI is the main modality used for these applications at most
institutions.

Even though most soft tissue malignancies are *FDG avid, 'SFDG-PET (/CT)
currently does not play a large part in the imaging evaluation of soft tissue masses
[23, 32, 52, 53]. Several studies have shown correlation between FDG uptake and
the grade/aggressiveness of soft tissue sarcomas [54]. PET also has not been shown
to reliably distinguish between benign and malignant lesions [23, 32], and so it adds
little new clinically useful information to the patient’s initial evaluation. It can pro-
vide value, however, in directing tissue biopsy to more metabolically active portions
of a lesion [13, 55]. PET imaging also is valuable to follow treated lesions since it
displays a measure of metabolic activity in the former tumor bed [53].

As expected, BS has limited utility in the evaluation of soft tissue lesions. Only
a small minority of lesions can be seen on BS, largely because most soft tissue
lesions lack the osteoblastic activity that BS is designed to detect.

In summary, the detection and characterization of soft tissue lesions is usually
not as straightforward as with primary bone tumors. In contrast to focal bone lesions,
only a small percentage of soft tissue masses will be visible on CR. Regardless, CR
is generally the initial diagnostic imaging study [48]. In selected cases, plain radio-
graphs serve as a useful adjunct to more advanced imaging modalities [23]. MRI is
the current gold standard for evaluation and diagnosis of soft tissues lesions, mainly
because of its superb soft tissue contrast resolution [39, 49]. In certain circumstances,
however, CT may be preferable to MRI [25]. PET may have greater importance in
the future, but it needs additional vetting before it becomes a routine part of the
imaging armamentarium [23, 49] (Fig. 6.10).
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Soft tissue neoplasm suspected
(e.g. palpable soft tissue mass,
local asymmetry of soft tissues
without discrete mass, pain in

area without focal soft tissue
abnormality/mass

Radiographs
Fatty mass, phleboliths,
chondroid Ca+2, mature myositis
ossificans, or possible calcified,
aneurysm ?

No MRI (or US)
(alternatively, CT in selected cases:
lesion calcification evaluation,
myositis ossificans, subtle low grade
cortical destruction)

(or both MRI .and CT in some cases)

Radiographs can serve
as adjunct used in
conjunction with more
advanced imaging

I

Yes.

End imaging workup

Confident benign
diagnosis ?

Confident benign
Biopsy diagnosis on imaging,
end lesion workup

without biopsy

Fig. 6.10 Workup of primary soft tissue lesions

Arthritis

Although there are numerous well-known arthropathies, only three account for the
vast majority of arthritis cases: osteoarthritis (OA), reflecting approximately 80 %
of patients, rheumatoid arthritis (RA) and gout, each representing about 8 % of
cases [13]. Regardless of the type of arthropathy, the initial evaluation of the patient
is the same.

Clinical information including history, physical examination, symptoms, and
laboratory data (serology, joint aspirate, etc.) plays an important role in the
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diagnosis of arthritis. Newer laboratory tests, e.g., anticyclic citrullinated peptide
(anti-CCP) antibody, have made serologic diagnosis of some arthritides possible
without having to rely on imaging [56]. Imaging is nonetheless important to
diagnose many arthropathies and remains an integral part of following a patient’s
course.

The advent of disease-modifying antirheumatic drugs (DMARDs) has dramati-
cally changed the management of RA and seronegative spondyloarthropathies. It has
been shown that DMARDs can slow or halt the progression of RA, psoriatic arthri-
tis, and ankylosing spondylitis. Furthermore, there are data supporting existence of
a therapeutic window of opportunity for patients with these inflammatory arthropa-
thies early in the course of the disease when these drugs are apt to be most beneficial
to the patient [57]. This is changing the role of imaging in the evaluation of inflam-
matory arthritis.

Traditionally, the most commonly used and important modality in the evaluation
of arthritis is CR, but CT, US, and MRI also play important roles. BS has little or no
application to imaging arthritis because of its low specificity. MRI and US provide
the best overall assessment of disease, showing findings of both soft tissue inflam-
mation and structural joint damage [56, 58]. They are, however, more costly and
time-consuming than CR, making them more applicable to answering specific
clinical questions than for use in routine screening. On the other hand, in early
inflammatory arthritis when DMARDs have greater treatment potential, MRI and
US may serve as first line imaging examinations.

Currently, the first imaging study performed for the evaluation of suspected
arthritis is CR [58]. High resolution radiographs obtained with proper positioning
are essential. As with focal lesions of bone, CR analysis often will suggest a single
diagnosis or a narrow differential diagnosis. The sites imaged depend upon the type
of arthritis suspected and, of course, where the patient has pain.

CR is performed routinely for degenerative disc disease in the spine and also for
OA which tends to affect large weight-bearing joints and the smaller joints in the
hands and to some degree the feet. When imaging large joints in the lower extremi-
ties, CR performs best when weight-bearing views are obtained. This is because
loss of articular cartilage, the underlying etiology of OA, is reflected by joint space
narrowing on CR and this is best evaluated when the joints are under load.

During early stages of arthritis, radiographs do not correlate well with clinical
measures such as pain and disability. This is related to the relative insensitivity of
CR, and so it is not until the patient has progressed to later stages that radiographs
correlate with functional outcome measures. In addition, CR rarely identifies
synovitis, bursitis, and inflammatory soft tissues changes such as tenosynovitis that
characterize the early phases of inflammatory arthritis [58].

Such findings are all easily seen on MRI and US. In addition, MRI can detect
marrow edema which is the strongest predictor of future development and progres-
sion of erosions and subsequent loss of articular cartilage [56]. Synovitis and
marrow edema, in particular, often precede and predict later bone erosions and the
chondral loss that result in irreversible joint damage. As a result, MRI, and to a
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lesser extent, US are gaining popularity in evaluation of inflammatory arthropathies
early in the course of disease [58].

CT is helpful in evaluating joints where anatomic complexity, joint orienta-
tion, or joint obscuration by adjacent structures limit the efficacy of radiographs,
e.g., the sternoclavicular, temporomandibular, and sacroiliac joints. The main
advantage and utility of CT is its ability to demonstrate cortical erosions, even
those that are very small and subtle, and also to quantify total bone erosion vol-
umes [59].

CT is at least equal to and possibly superior to MRI and US in erosion identifica-
tion [58-60]. Unlike MRI, however, it cannot identify the bone marrow edema that
precedes development of erosions, and it is also poor at detection of synovial prolif-
eration and soft tissue inflammatory changes. Thus, CT is comparatively insensitive
for detection of early arthritis, and so is rarely used in clinical practice except occa-
sionally as a problem solving tool used in regions of difficult anatomy and some
cases of septic arthritis and gout [58].

The sensitivity of US in detecting bone erosions is site-dependent, high in easily
accessible joints but reduced in anatomically complicated joints [25, 58]. Where
accessibility is optimal, US shows high agreement with MRI and possibly even CT
at detection of bone erosions [58, 59]. Some studies suggest that US using color
Doppler is more sensitive than MRI in showing the presence of synovitis and better
in characterizing the synovitis by showing increased vascularity in inflamed tissue.
As might be expected, joint effusions and synovitis which present clinically as peri-
articular soft tissue swelling are more easily identified using US than by physical
examination [58]. Thus, given the importance of instituting DMARD:s in a timely
manner, US with its high sensitivity for identification of synovitis, bursitis, and
inflammatory soft tissues changes has had an increasing role in early stage inflam-
matory arthropathies [58].

MRI can not only show erosions and joint space narrowing associated with
inflammatory arthritis, but it also depicts both extra- and intra-articular soft tissue
inflammatory changes early in the course of disease. As mentioned, not only does it
show synovitis, but it also shows bone marrow edema that occurs in early disease
[56]. This marrow edema histologically represents true osteitis consisting of active
bone inflammation with cellular inflammatory infiltrates, but there is no free water
making the term edema somewhat of a misnomer. Bone marrow “edema” on MRI
predicts future erosions better than any other imaging finding [56]. Ultimately, the
main goal of MRI is to identify precursor lesions before arthritis progresses to
bone erosion, cartilage destruction, and joint structural damage [56]. Early imag-
ing diagnosis of inflammatory arthritis will thus allow the clinician to institute
prompt, effective treatment with DMARDs and so slow or even halt progression of
the disease.

Regrettably, serologic testing, with the possible exception of anti-CCP antibody
for RA, does not predict the future severity of an arthropathy [56]. This has led MRI
to become a commonly used tool for the early diagnosis of clinically suspected
undifferentiated inflammatory arthritis. The great disparity in cost and time of
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Table 6.6 Inflammatory arthropathies: efficacy of imaging modalities for findings in early and
late disease

Early (joint Early
effusion, (bone
Imaging synovitis, marrow Late
modality tenosynovitis) edema) (erosions) Limitations

CR + - ++ Radiation exposure
2-D representation of 3-D information
Very poor detecting early disease findings such
as inflammatory soft tissue changes
Sensitivity very low in demonstrating even
findings of late disease (e.g.,) erosions-stage
where therapeutic window for DMARDs has
likely passed
UsS +++++ - ++++ Operator-dependent
Limited availability of well-trained, experienced,
skillful MSK sonographers
CT ++ - +++++ Radiation exposure
Not adequate for detection of inflammatory soft
tissue pathology and bone marrow findings
of early disease
MRI ++++H+ 4+ Not always (easily) available
Expensive
Long study length may result in image quality
degraded by motion artifact (difficult for
severely ill patients to remain in scanner for
complete study)
Nephrogenic systemic fibrosis (NSF) risk from
IV gadolinium-based contrast agents
(GBCAs)
Less effective than CT in demonstrating early
cortical bone erosion

acquisition between CR and MRI relative to the additional benefit provided by MRI
militates against routine use of MRI over radiographs [58] (Table 6.6).

In summary, considerable advances have been made over the past decade in
the application of advanced imaging techniques to diagnosing early RA and sero-
negative spondyloarthropathies, with an aim toward achieving improved clinical out-
comes. Although CR is still the most frequently used imaging study for diagnosis of
arthritis and is viewed as the “gold standard” [58] by the majority of the medical
community, other more advanced imaging modalities are clearly more effective in
detection of inflammatory changes in the soft tissues and identifying joint destruc-
tion. Radiographs have extremely low sensitivity in detection of non-osseous find-
ings such as synovitis and tenosynovitis, and they are non-diagnostic in detection
of bone marrow “edema”/osteitis, all findings of early disease in inflammatory
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Arthritis suspected
(physical exam,

symptoms, laboratory
data: serology, joint
aspirate, etc.)

. . Suspected inflammatory arthritis
. Suspected crystal induced arthritis . .
Suspected osteoarthritis (e.g. gout, CPPD) (e.g. RA, seronegative arthropathies)

Early disease

Radiographs +? suspected ?

No

End imaging workup
Yes

/

No No

Yes

Radiographs + ?

Treat

Fig. 6.11 Workup of inflammatory arthritis

arthropathies. US offers high sensitivity assessment, especially with regard to
inflammatory soft tissue findings and for erosions related to joint damage. MRI and
US are increasingly used in clinical practice with good benefit. CT, on the other
hand, has a limited role in the clinical evaluation of arthritis [58]. The advent of
DMARD:s and hence the ability to arrest progression of disease has brought these
more sophisticated studies to the fore (Fig. 6.11).

Metabolic

Osteoporosis

Osteoporosis is the loss of bone mass such that the skeleton becomes pathologi-
cally prone to fracture. Today, with people living longer lives, these fractures are a
substantial source of morbidity and mortality. While previously the diagnosis of
osteoporosis required occurrence of a fragility type fracture, we now are able to
employ techniques that quantitatively determine bone mineral density (BMD).
In the assessment of BMD, dual energy x-ray absorptiometry (DXA) is currently
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the preferred examination. This is one of many available techniques, including
techniques that are based on CR, US, CT, and MRI. Each of the available tech-
niques has advantages, but none are as inexpensive, have as low a radiation dose,
and are as precise, i.e., repeatable, as DXA [61]. CT techniques, for example, pro-
vide higher accuracy, i.e., true measurement of bone mass than DXA, but the added
accuracy is not worth the increased expense and radiation exposure. Furthermore,
it should be noted that none of the available techniques, with perhaps the exception
of some MRI techniques, evaluate bone architecture, only bone mass. This greatly
hampers the effectiveness of any available examination in the prediction of osteo-
porotic fractures.

World Health Organization (WHO) criteria for diagnosing osteoporosis are
based only on DXA and single photon absorptiometry (SPA) measurements.
Preferably, BMD measurement using DXA is performed at two anatomic sites,
most commonly, the hip (femoral neck) and spine. In some cases, such as patients
with hyperparathyroidism, measurement of BMD in the forearm with SPA is used
as one of the two locations [61].

When DXA is unavailable, quantitative computed tomography (QCT) is the
favored alternative technique to measure BMD. Since QCT evaluates only trabecu-
lar bone which has higher turnover than cortical bone, it is thought to be more sensi-
tive at detecting early bone loss. Also because the volume of tissue that it evaluates
is directly measured and based on a projection like DXA, it is not prone to accu-
racy error from osteophytes and vascular calcifications in the path of the beam.
Unfortunately, QCT cannot be used to diagnose osteoporosis based on the quanti-
tative BMD value obtained, since it has never been validated for WHO criteria.
However, through comparison of BMD values to a reference database for the
technique, QCT can identify patients with low bone mass who are at risk for frac-
ture [61].

Several other tests for BMD are also reliable in detection of those patients at risk
for fracture. Techniques such as peripheral quantitative computed tomography
(pQCT), peripheral quantitative ultrasound (pQUS), single X-ray absorptiometry
(SXA) [62], and radiographic absorptiometry are less expensive and may be able to
identify a larger percentage of the population at risk for osteoporotic fractures.
Unlike DXA and QCT, these other technologies are not approved for following
treatment [61].

BS, while it provides no information about BMD, is valuable in osteoporotic
patients since it provides a whole body survey of the skeletal system for insuffi-
ciency fractures. This is particularly advantageous since osteoporosis-related frac-
tures often occur in multiple locations, and some may be asymptomatic.

In conclusion, DXA is the current gold standard for measurement of BMD
because it is both inexpensive and precise. Diagnosis of osteoporosis using WHO
criteria is only possible with DXA and SPA. Many techniques, including MRI,
pQCT, pQUS, SXA [62], and radiographic absorptiometry, are available to measure
BMD, each with its own strengths and weaknesses (Tables 6.7 and 6.8).
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Table 6.8 2012 Medicare global reimbursement of various imaging modalities

Imaging modality 2012 Reimbursement ($)

CR 35

Skeletal survey 75

US limited (mass) 45

US complete (tendons, muscles, etc.) 130

CT (w/o, w/) 245-300

BS 275

BS (3 phase) 315

Labeled WBC study 375

MRI (w/o, w/ and w/0) 430-675

PET/CT 1,225
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Chapter 7
Approach to Vascular Imaging

Vineet Chib

Introduction

Imaging of the vascular system, in theory, is straightforward. The choice of imaging
modality depends on many factors, including the type of lesion suspected and its
anatomic location. Ultrasound (US), computed tomographic angiography (CTA),
magnetic resonance angiography (MRA), and conventional angiography comprise
the main modalities used to image the vascular system. Each has its advantages and
disadvantages. In general, conventional digital subtraction angiography (DSA) is the
current gold standard for vascular evaluation. Because this modality requires catheter-
ization of an artery, it is not without risk and should generally be reserved for emergen-
cies, clinical questions where other modalities have proven inadequate or possible
therapeutic interventions. Other modalities offer less invasive ways to evaluate the
vascular system and provide information needed for diagnosis and treatment.

Ultrasound

Of the four modalities mentioned above, ultrasound is the least invasive. It allows
imaging of superficial vessels without radiation or intravenous contrast administra-
tion. An ultrasound transducer, or probe, is placed on the skin and used to evaluate
the underlying vasculature. Real time grey scale images and color Doppler imaging
can be performed to evaluate the patency of vessels, evaluate changes in vessel flow
patterns through the cardiac cycle and also the proximity of adjacent structures to
vascular pathology.
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US has disadvantages, including difficulty imaging through adipose tissue, gas,
and bone; limitations on its field of view; and dependence on the sonographer’s
skill. In general, US is well suited to evaluate lower extremity DVT. In obese
patients, however, adipose tissue may prevent sufficient penetration and reflection
of the sound waves, making diagnostic images difficult to obtain. The vasculature in
the abdomen and the brain can be obscured by bowel gas and bone, respectively,
again making imaging difficult, if not impossible.

Today, US is performed using hand held, real-time transducers. The volume of
tissue visible at any given time is relatively limited compared with other techniques.
Therefore, it is possible to overlook pathology even when a scan has been performed
carefully. Finally, ultrasound is dependent on the skill of the person performing the
study. Although US images are interpreted by a radiologist, a sonographer performs
the initial scan. Because of the limited field of view and the freehand nature of scan-
ning, the quality of US images is influenced heavily by the experience and training
of the sonographer. It is then up to the radiologist to determine whether or not addi-
tional images are required or if he should scan the patient personally.

CT Angiography

Multidetector computed tomography (CT) with contrast administration is another
common way to evaluate vascular structures. It is more invasive than ultrasound,
requiring intravenous access and administration of iodinated contrast. In addition, CT
uses ionizing radiation. Imaging after intravenous contrast injection must be timed
properly to obtain opacification of the desired vessels. Arterial phase imaging requires
arapid rate of intravenous contrast administration as well as bolus tracking—repeated
imaging with a detector over a vessel—to ensure the arterial system is enhanced
properly. Similarly, enhancement of the venous system requires appropriate timing
of image acquisition but this is not as sensitive to timing as arterial imaging.

As with all intravenously contrast injected CT scans, a small percentage of
patients will have an allergic reaction to the contrast material. This reaction can
range from benign urticaria to full blown anaphylaxis with cardiorespiratory col-
lapse. Fortunately, the latter is uncommon.

Benefits of CT angiography include ease of accessibility, with multidetector CT
(MDCT) available in most hospitals and outpatient centers. CTA generally is per-
formed using standard protocols which limit operator dependence. CTA allows
clear anatomic evaluation not only of the vessels, but also of adjacent structures

Magnetic Resonance Angiography

MRA uses magnetic resonance imaging (MRI) techniques to generate images of the
flowing blood through a vessel and thus shows the intimal walls of the vessel in relief.
Images can be obtained either with or without injected intravenous contrast media.
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MRI takes advantage of the inherent molecular differences among different types of
tissue to generate the images. In general, two different techniques are available to
obtain images without contrast, phase contrast imaging, and time of flight imaging.
The former relies on the difference in signal of protons in stationary and mobile tissue.
The latter relies on the protons flowing into the imaged slice having no out of plane
magnetization at the time of image acquisition. Each of these techniques is limited by
various technical issues that determine where they may be used. 3D contrast-enhanced
MRA is performed with an intravenous injection of gadolinium-based contrast agent
and generally provides higher quality images than both non-contrast techniques.

MRA uses no radiation. Radio frequency energy is deposited in the tissues with
MRI, but thus far, no significant health risks have been identified related to this.
Furthermore, MR contrast agents are of a different class than the iodinated agents
used with CTA and conventional angiography. Patients with allergy to the latter
have no crossover with MR contrast. In fact, true allergic reactions to gadolinium-
based MR contrast agents are rare. So MRA can be useful in patients with a known
iodinated contrast allergy.

Nonetheless, MRA has significant limitations, including high expense, the rela-
tively long time required for image acquisition, and the risk of nephrogenic systemic
fibrosis (NSF). NSF is a rare syndrome believed to be related to gadolinium contrast
exposure, primarily in patients with low glomerular filtration rates either from acute
or chronic renal failure. Patients develop fibrosis of skin, joints, and internal organs
(See Chap. 1 for further discussion). Recognition of NSF has limited the use of
MRA as an alternative to CTA in patients with limited renal function.

Conventional Angiography

Conventional angiography, also called DSA and catheter-directed angiography,
directly visualizes the target vessels and so is the gold standard of vascular imaging.
Using this technique, a catheter is placed directly into the vessel and imaged by
injecting iodinated contrast. In many cases, because the catheter is present in the
vessel, pathology can be both diagnosed and treated during the same procedure.

Even so, this technique also has disadvantages. It is the most invasive of all tech-
niques used to evaluate the vasculature. There are risks to performing a procedure
including bleeding, vessel injury, inducing thrombosis within a small vessel, creat-
ing an embolic thrombus and, of course, contrast-induced nephropathy. Patients
who are on blood thinners are at increased risk of bleeding when undergoing DSA.
Access into the vascular system in patients with severe atherosclerotic disease may
be precluded if the common femoral artery, the entry vessel of choice, is heavily
calcified or occluded. In these instances, a radial or brachial artery approach could
be considered. Iodinated contrast material is used for this procedure, and as with
CTA this places patients at risk for allergic contrast reaction and contrast-induced
nephropathy. It should be mentioned, however, that for unknown reasons, patients
who receive intra-arterial contrast are at much lower risk for allergic contrast reactions
than those who receive intravenous contrast.
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Head/Neck Vascular Imaging

Carotid Artery Narrowing

Carotid artery atherosclerotic disease is a major preventable cause of stroke [1].
Imaging is undertaken when there are clinical indications, e.g., carotid bruit or tran-
sient ischemic attack, indicating that a patient may have carotid stenosis or a build-
up of atherosclerotic plaque. The mainstay of carotid imaging is noninvasive duplex
ultrasound. This procedure has become accepted widely as the first test of choice for
imaging carotid stenosis in a patient with clinical risk factors. CTA and MRA may
also be considered but have the disadvantages of cost, contrast, and radiation expo-
sure. These tests are generally reserved for patients in whom ultrasound is equivocal
or non-diagnostic.

Carotid Artery or Vertebral Artery Dissection

In a setting of trauma, carotid or vertebral artery dissection may be suspected when
a patient has head or neck pain and neurologic symptoms such as dysarthria, weak-
ness, ataxia, or scotoma. Cross-sectional imaging, either with CTA or MRA, has
become the standard imaging technique because of its noninvasive nature and wide-
spread availability [2]. Conventional angiography is generally reserved for cases
where noninvasive methods are not diagnostic.

Internal Jugular Vein Thrombosis

Internal jugular vein thrombosis occurs in a number of settings. Patients with a history
of head and neck infections, recent surgery, indwelling catheters, and/or drug use are
at risk for thrombosing their Jugular vein. Propagation of thrombus including pulmo-
nary embolism is associated with internal jugular vein thrombosis. Because of the
morbidity and mortality associated with jugular thrombosis, diagnosis is important
[3]. Here again, duplex ultrasonography is the first-line diagnostic test because it is
readily available, safe, can be performed at the bedside if necessary, and is noninvasive.
CTA and MRA are used as second-line tests when ultrasound is non-diagnostic.

Upper Extremity Deep Venous Thrombosis

Other than in dialysis patients, upper extremity deep venous thrombosis (DVT) is
uncommon. It is associated with significant morbidity and mortality because of risk
of pulmonary embolism, loss of venous access, and post-thrombotic syndrome [4].
Two forms of upper extremity DVT are described: Paget von Schrotter or effort
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thrombosis and secondary thrombosis. In effort thrombosis, a chronic compression
at the thoracic inlet or outlet resulting from musculoskeletal structures in the costo-
clavicular space causes slow venous return and ultimately thrombosis in the veins of
the extremity. Secondary thrombosis usually is caused by either hypercoagulable
states or indwelling catheters. Color flow duplex imaging diagnoses upper extrem-
ity venous thrombosis with 78—100 % sensitivity and 82—-100 % specificity making
it the first-line study [5]. Diagnosis with duplex ultrasound can be limited by the
overlying clavicle. In equivocal cases, catheter-directed venogram can be helpful
both for diagnosis and treatment.

Arterial Vasculidities

Vasculidities comprise a rare group of diseases generally characterized by vascular
inflammation and luminal occlusion. If untreated, vasculitis can lead to aneurysm
formation, rupture of vessel, vessel stenosis or occlusion, and end organ infarction.
Vasculidities are commonly categorized by the size of the vessel affected. Large ves-
sel vasculidities include Behcet’s syndrome, polymyalgia rheumatica, Takayasu’s
arteritis, and temporal arteritis. Medium-sized vessel vasculidities include Buerger’s
disease, Kawasaki disease, and polyarteritis nodosa. Small vessel vasculidities
include Churg—Strauss syndrome, cutaneous vasculitis, Henoch—Schonlein purpura,
microscopic polyangiitis, and Wegener’s granulomatosis. Because of the large range
of vessels affected by different forms of vasculitis, symptoms can be varied.

Diagnosis is commonly suggested by laboratory tests that show signs of inflam-
mation such as erythrocyte sedimentation rate (ESR), C reactive protein (CRP),
elevated white blood cell count, or eosinophilia. Organ-specific lab tests may also
be abnormal if the specific end organ is affected by the vasculitis. Typically, biopsy
of the affected organ will make the definitive diagnosis. Angiography can demon-
strate characteristic findings that aid in the diagnosis of particular vasculidities.

Suppression of the inflammation mediated by the immune system using steroids
is the mainstay of treatment. In cases of infection, antibiotics are prescribed. In
acute vasculitis, the organ affected may require supportive treatment to improve
function. Ultrasound is the most readily available, noninvasive way to evaluate for
arterial stenosis or occlusion, the side effect of vasculitis. Imaging of central vascu-
lar structures can be limited with ultrasound as discussed earlier. CT angiography
allows for evaluation of central vasculature as well as anatomy of adjacent struc-
tures. MRA can also be used to characterize vessel stenosis and occlusion.
Conventional angiography is considered the gold standard for the diagnosis of ves-
sel abnormalities and has the advantage of allowing for possible intervention.

Dialysis Access

Dialysis fistulas or grafts create a connection between the arterial and venous
system. These create a conduit large enough to allow blood to be withdrawn from
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the body, filtered in a dialysis machine and then returned to the body. Dialysis fistulas
tend to thrombose. In fact, patients with dialysis fistulas have a primary patency
rate of approximately 35 % at 2 years after fistula creation [6]. One of the most
common causes of hospital admission in the dialysis patients is fistual access prob-
lems making fistula patency maintenance an important part of renal failure patient
management [7].

As most patients receive dialysis treatments between two and five times weekly,
early assessment of fistula malfunction can be made by the dialysis center staff.
Such evaluation includes physical examination for fistula pulsatility or thrill, subop-
timal flow during dialysis, high pressures generated on the dialysis machine, or
edema of the extremity. These indirect signs of fistula malfunction can be further
evaluated noninvasively with ultrasound. No contrast media is required, reducing
the risk of contrast reaction and further reducing renal function. US has no risk of
injuring the fistula, and it provides information about the fistula’s anatomy and flow.
One drawback is US poorly visualizes veins more axial or central to the fistula.
These often stenose and are responsible for fistula malfunction. A fistulagram,
cannulation of the fistula with direct injection of intravenous contrast to opacify
the fistula, is a more invasive way of assessing the fistula but allows better visualiza-
tion of the central venous circulation. Direct fistula access also allows therapeutic
intervention if an abnormality is identified.

Lower Extremity Deep Venous Thrombosis

The lower extremity is the most common location of DVT and the cause of 90 % of
acute pulmonary emboli in the United States [8]. Therefore, diagnosis is very
important. Underlying conditions predisposing a patient to DVT include venous
stasis, injury to vessel walls, and hypercoagulable states. As with other forms of
DVT, duplex US is the first-line imaging study because of its ready availability, ability
to be performed portably, and lack of IV contrast and radiation. In the past, venog-
raphy was the first-line examination. This test requires catheterization of a foot vein
and injection of iodinated contrast followed by imaging using digital subtraction
techniques. Venography, for the most part, has been replaced by ultrasound, but is
still used in patients where ultrasound faces technical limitations, i.e., obese patients
and patients with marked lower extremity edema. Venography also has a role as a
second-line study when US studies are equivocal.

Peripheral Vascular Disease

Peripheral vascular disease (PVD), also known as peripheral artery occlusive dis-
ease, is most commonly caused by atherosclerosis and affects 12—14 % of patients
in the general population and 20 % of patients over 70 [9]. In other words, PVD
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results from the same causes as coronary artery disease and cerebrovascular disease.
Patients with PVD suffer significant debility and pain from claudication and are at
increased risk of peripheral gangrene and limb loss caused by lack of blood flow
related to vessel stenosis and occlusion. The initial diagnosis of PVD is made with
ankle-brachial index (ABI) measurements that evaluate the ratio of upper to lower
extremity arterial blood flow. If ABIs are abnormal, segmental Doppler pressures
and pulse volume recordings can help localize levels of stenosis or occlusion. Cross-
sectional angiography with CTA or MRA can be further used to visualize the degree
and level of stenoses and occlusions. Today, conventional angiography is generally
reserved for possible intervention such as angioplasty or stent placement.

Abdominal Vasculature

Mesenteric Ischemia

Mesenteric ischemia is caused by acutely or chronically decreased blood supply to
the intestines. Both arterial and venous disease may cause mesenteric ischemia. On
the arterial side, arterial stenosis, emboli, and thrombus cause acute mesenteric
ischemia. At times ischemia also can result from non-occlusive disease as in cases
of diminished blood volume related to hypervolemia.

Multiple studies have shown that CTA has sensitivity between 96 and 100 % and
specificity between 89 and 94 % for the evaluation of mesenteric ischemia [10]. CTA
provides information about the vessels, the bowel, and other abdominal organs. As a
result CTA has largely replaced conventional angiography, once considered the gold
standard in the evaluation of this disease. On the other hand, conventional angiography,
by virtue of having a catheter directly in the arterial system, provides a therapeutic
option including intra-arterial thrombolysis and vasodilator administration.

Gastrointestinal Hemorrhage

Clinically, gastrointestinal (GI) hemorrhage can be divided into gastric, upper, and
lower intestinal sources of bleeding. Although most cases resolve with supportive
measures, approximately 7 % of patients admitted with GI bleeding die during their
hospitalization [11]. Endoscopic direct visualization of the bleeding source is the
preferred method of diagnosis for upper GI hemorrhage. Lower GI bleeding is usu-
ally approached either using a nuclear medicine study such as a tagged red blood
cell study or using proctoscopy or colonoscopy. In cases where endoscopy or
nuclear studies fail to locate the source of bleeding, angiography should be
performed [12]. It permits both localization of the source of hemorrhage and the
possibility of embolizing the bleeding vessel to arrest the hemorrhage.
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Abdominal Aortic Aneurysm/Dissection

Abdominal aortic aneurysm (AAA) has a prevalence of approximately 1-2 % of the
population [13]. Ruptured AAA is the thirteenth leading cause of death in the United
States [14]. As the diameter of the AAA increases, so does the risk of rupture.
In general, aneurysms over 5.5 cm in size require treatment because of the high risk
of mortality from rupture relative to the risk of surgery [15].

Abdominal ultrasound is an inexpensive and effective method to screen for
suspected abdominal AAA. CTA of the aorta currently is the study of choice for
evaluation of known AAA. Additionally, imaging of the thorax should be consid-
ered for patients in whom the thoracic aorta has not been evaluated. Patients who
have had endograft treatment of AAA should also be screened with CTA to evaluate
for endoleak, i.e., leaks around the stent. Catheter-directed angiogram should be
reserved for cases where intra-arterial treatment of an AAA or of a resulting
endoleak is planned.

Pelvic Congestion Syndrome

Pelvic congestion syndrome is a common but underdiagnosed cause of pelvic pain
[16]. Dilated, tortuous congested pelvic veins with retrograde flow of blood through
incompetent valves cause dull pelvic pain, pressure, and heaviness in patients with
this disease [16]. Transvaginal ultrasound with color Doppler and Doppler spectral
analysis can identify pelvic varices and thus be used to diagnose pelvic congestion.
MRI can also be used although is not as cost effective as ultrasound and may not be
as well tolerated by claustrophobic patients.

Varicocele

A varicocele is dilation of the pampiniform venous plexus of veins caused by absent
or incompetent valves in the internal spermatic vein. Approximately 40 % of men
being treated in infertility clinics have a varicocele [17], making varicoceles a major
cause of male infertility. They cause poor sperm and decreased semen production.
Patients may also complain of scrotal pain or heaviness. Diagnosis is often made on
clinical exam in which case ultrasound can be used to confirm the diagnosis.
Ultrasound also can diagnose varicoceles not identified on clinical exam [18].
Surgical repair of varicocele either can be performed in the outpatient setting or
treated with percutaneous intravenous embolization to occlude the varicocele’s
venous supply.
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Thoracic Vasculature

Superior Vena Cava Syndrome

Superior vena cava (SVC) syndrome results from obstruction of blood flow through
the SVC. It most commonly presents with dyspnea but it may cause other symptoms
including head and neck swelling (sometimes massive), chest pain, distorted vision,
stridor, and headache. Many patients can be diagnosed on the basis of clinical symp-
toms alone. Most patients will have an abnormal chest X-ray. Indwelling central
intravascular catheters are the most common benign cause of SVC syndrome [19].
Tumor invasion or extrinsic compression of the SVC is the most common malignant
cause. Regardless, SVC syndrome should be considered a medical emergency. CT
with contrast can determine whether extrinsic compression or thrombus is the cause
of the obstruction. Direct contrast venogram is the most conclusive test to evaluate
SVC syndrome and has the benefit of allowing venous access for treatment of the
thrombus with either an endovascular stent or intravenous lysis. Radiation therapy
has been the standard treatment for malignant SVC syndrome.

Thoracic Aortic Aneurysm/Dissection

Thoracic aortic aneurysm—focal aneurismal dilatation of the thoracic aorta—is the
most common thoracic aortic disease requiring surgical intervention. Surgery is the
treatment of choice for thoracic aneurysms that are 6 cm or greater in diameter.

Aortic dissection results from a tear in the intima or inner most layer of the aorta
that allows blood to pass through the media into the adventitia or the outermost
layer of the aorta. Blood rapidly accumulates and expands the outer adventitia of
the aorta, putting the patient at risk for aortic rupture. Identification of the point of
dissection as well as luminal diameter is key in determining treatment. Classically,
dissection has been characterized by location as Stanford type A or type B dissec-
tions. Type A dissections involve the ascending aorta and arch proximal to the
brachiocephalic artery origin. They are considered surgical emergencies because of
the potential for extension proximally to the aortic valve, coronary arteries, or
distally up into the carotid and vertebral arteries. Type B dissection involves the
descending aorta or arch without ascending aorta involvement. These are dissec-
tions that are usually treaded medically [20].

CTA is the diagnostic modality of choice for evaluation of thoracic aortic dissec-
tion. CTA should include non-contrast imaging to evaluate for acute intramural
hematoma as well as contrast imaging to visualize the dissection itself. CTA has
largely replaced catheter-directed angiography because it has accuracy approaching
100 % and is less invasive, quicker, and generally available [21, 22].
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Pulmonary Embolism

Pulmonary embolism is most commonly caused by DVT, but embolism can arise
from other sites or from intravenous injection of drugs. In addition, emboli need not
consist of hematologic thrombus but instead may be septic emboli from intravascu-
lar boli of bacteria, fat emboli from long bone trauma and in rare cases tumor throm-
bus. As with aortography, catheter-directed pulmonary angiography largely has
been replaced by CTA which has become the standard for diagnosis of pulmonary
embolism [23]. Nuclear medicine VQ scan is reserved for patients with contrast
allergy or elevated creatinine who cannot undergo a CTA.

Percutaneous Biopsy

Imaging-directed percutaneous biopsy allows direct tissue sampling and pathologic
diagnosis without the risks of surgery and anesthesia that are associated with open
biopsy. Because percutaneous techniques are minimally invasive, they require little
recovery time and so shorten hospital stays. Many locations within the body are
amenable to image-guided percutaneous biopsy including thyroid, liver, pancreas,
lung, and kidney.

Determining if a patient is a candidate for percutaneous biopsy is at the discre-
tion of the physician performing the procedure. Review of diagnostic images is
necessary to identify a safe percutaneous route into the lesion. Other considerations
include the size of the lesion from which tissue sampling is requested. Critical struc-
tures such as the heart or pulmonary vessels located in proximity to a target lesion
may preclude percutaneous biopsy, e.g., a lung nodule near the aorta or a thyroid
mass near the carotid artery. If sedation is planned, the patient history should be
reviewed for conditions such as obstructive sleep apnea. Blood thinning medica-
tions such as aspirin, Coumadin, or Lovenox, need to be held for several days prior
to biopsy to reduce the risk of bleeding. Some patients may have conditions or
devices like drug-eluting cardiac stents that preclude stopping aspirin or Plavix
prior to biopsy. In these cases, a careful evaluation of the risks and benefits of the
procedure must be weighed.

Conclusion

Imaging of the vascular system is theoretically straightforward. With current
technology, diagnosis for many diseases can be made with noninvasive imaging
techniques resulting in lower complication rates for patients. CTA is one of the most
commonly used studies to evaluate vasculature of all body parts, given its availabil-
ity and relative independence of operator error. However, ultrasound and MRA are
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also valuable tools in evaluation of the vasculature. Generally, catheter-directed
angiography is reserved for situations in which noninvasive testing is equivocal or
intervention is planned.
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