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Key Points

e Obtaining a CXR is appropriate in older

patients (>40 y/o) with acute respiratory
illness (ARI) (moderate evidence).
Obtaining a CXR 1is appropriate in
patients with ARI and dementia (moder-
ate evidence).

A CXR is not necessary for patients
with ARI who are younger than 40 and
have normal vital signs and a normal
physical exam, provided they can fol-
low-up, and that the risks of delayed
diagnosis of pneumonia are minimal
(moderate evidence).

A CXR is not necessary for patients with
ARI, and a high pretest probability of
community-acquired pneumonia (CAP)
who will be treated for CAP regardless
of CXR findings (moderate evidence).
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CXRs are sufficiently sensitive and
highly specific for the diagnosis of CAP
in children (moderate evidence).
Imaging studies have a limited value with
regard to differencing between bacterial
and viral lower respiratory tract infection
in children (moderate evidence).
Although CT is more sensitive than
CXR for pneumonia, it is not indicated
in immunocompetent adult or pediatric
patients with suspected uncomplicated
CAP (moderate evidence).

CT does provide more information than
radiographs with regard to complicated
pulmonary infections with broncho-
pleural fistula, empyema, or pleural
effusion (moderate evidence).

In immunocompromised patients, CT is
more sensitive and specific for pneumo-
nia and should be performed in adult and
pediatric cases where pneumonia is sus-
pected, but the CXR is normal, equivo-
cal, or nonspecific (strong evidence).
Ultrasound does have an advantage over
CT in identifying and characterizing
complicated effusions in children by
being more cost-effective and not
employing ionizing radiation (moderate
evidence).
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Definitions and Pathophysiology

Acute respiratory illness (ARI) is defined as one
or more of the following: cough, sputum produc-
tion, chest pain, or dyspnea (with or without
fever) (Table 18.1). Most cases of ARI are caused
by infection, and the most commonly encoun-
tered forms of acute infection in the chest are
bronchitis and pneumonia. The distinction
between acute bronchitis and pneumonia is an
important one as ~90% of cases of acute bronchi-
tis are viral in etiology and are self-limited.
Pneumonia can be caused by bacterial, mycobac-
terial, viral, and fungal organisms and can be life-
threatening; often requiring antimicrobial therapy
[1]. As shown in Table 18.1, incidence of specific
pathogens differs by age.

Acute bronchitis is inflammation of the airways.
There are typically few if any findings on chest
imaging. Pneumonia is inflammation of the pulmo-
nary parenchyma primarily affecting the alveoli;
the small sacs within the lung where gas exchange
takes place, also called the “airspaces.” The pri-
mary imaging manifestations of pneumonia are
those of “airspace/alveolar disease,” namely, par-
tial alveolar filling (ground glass) and complete
alveolar filling (consolidation) (Fig. 18.1a, b).
“Tree-in-bud” is another common manifestation of
infectious pneumonia and represents spread of
infection through the terminal airways and into the
central aspect of the airspaces (Fig. 18.1a, b) [2].

Some of the major risk factors for pneumonia
include recent viral respiratory tract infection,
smoking, a variety of chronic lung diseases,
young (<1 y/o) or old (>65 y/o) age, conditions
that predispose to aspiration, and immunocom-
promised state [3].

Immunocompromised is defined as being in a
state where the immune system is weakened or
absent, some commonly encountered causes
include acquired immunodeficiency syndrome
(AIDS), chemotherapy, or other immunosuppres-
sive drugs. Immunocompromised patients are
susceptible to infection by “opportunistic” organ-
isms. Also, they are more likely to develop widely
disseminated infections. For example, in patients

with AIDS, their CD4 count helps predict what
types of pneumonias they are most at risk of
developing (Table 18.2) [4].

Epidemiology

Pneumonia is a global health issue. Of the 156
million children estimated by the world health
organization (WHO) to have pneumonia in 2008,
151 million cases occurred in developing nations,
accounting for 1.6 million deaths that year,
28-34% of all deaths in those under 5 years of
age [5, 6]. Pneumonia is the leading cause of
death among children in low-income nations [5,
7]. The WHO estimates that one in three newborn
infant deaths is due to pneumonia [8].

Pneumonia and influenza are the most com-
mon infectious causes of death in the US. In
2010, pneumonia and influenza combined was
the ninth leading cause of death, accounting for
approximately 50,000 deaths with an age-
adjusted death rate of 15.1 per 100,000 people
[9]. Pneumonia and influenza are more deadly
among the elderly; death rates for those aged 65
and older in 2010 was 106.3 per 100,000 people
[9]. Given the aging population, the burden of
pneumonia is expected to increase, a common
trend in most developed nations.

Overall Cost to Society

In 2005, the total cost to the US economy of
influenza and pneumonia was estimated at $40.2
billion when including all direct and indirect
costs [10]. Pneumonia was one of the top ten
most expensive conditions seen during inpatient
hospitalizations in the US in 2011, with an aggre-
gate cost of nearly $10.6 billion for 1.1 million
hospital stays [11]. CAP results in 10 million
doctor visits and 64 million days of restricted
activity annually [12]. Childhood pneumonias
are a frequent cause of doctor visits, antibiotics
prescriptions, loss of work days of parents, and
reduction of quality of life [13].
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Fig.18.1 (a, b) Axial image from a non-contrast CT of a
patient with community acquired pneumonia (CAP) (a)
demonstrating airspace disease primarily manifesting as
consolidation, aka complete alveolar filling. Note the air
bronchogram and how the pulmonary vessels are not vis-
ible where they traverse the consolidation. CT image from
a different patient with CMV pneumonia (b) demonstrates

widespread ground glass, aka partial alveolar filling. Note
how the pulmonary vessels are still visible as they traverse
the ground-glass opacity. This patient also has some focal
tree-in-bud nodularity in the dependent right lung repre-
senting endobronchial spread of infection. This pattern of
mixed ground glass and nodules is common in CMV and
can be very subtle on CXRs

Table 18.2 CD4 count and risk of opportunistic infection in HIV/AIDS

CD4 <400 CD4 <200

CD4 <100

Recurrent bacterial pneumonia

Preumocystis jiroveci pneumonia

Mycobacterium avium complex

Mycobacterium tuberculosis

tuberculosis

Disseminated Mycobacterium

Cytomegalovirus

Modified from Allen CM, Al-Jahdali HH, Irion KL, et al. Imaging lung manifestations of HIV/AIDS. Ann Thorac Med

2010; 5(4):201-16

Goals of Imaging

The main goal of imaging acute pulmonary infec-
tions in the emergency department is diagnosis.
Early diagnosis will support adequate and early
treatment; it could also prevent potential costs and
complications. This is particularly important in
patients with a weak immune system such as young
children, the elderly, or the immunocompromised.

Methodology

A review of the current diagnostic imaging litera-
ture was performed utilizing PubMed,

MEDLINE, and Google Scholar search databases
covering January 1, 1980 through May 1, 2015.
Searches were performed using various combina-
tions of the following key terms:

Infection terms diagnosis, acute respiratory ill-
ness, acute bronchitis, lower respiratory tract
infection, pneumonia, community-acquired
pneumonia, opportunistic, HIV, AIDS, pleural
effusion, parapneumonic effusion, empyema

Imaging terms imaging, radiology, radiography,
chest, chest X-ray, chest radiography, com-
puted tomography, CT, CAT scan, ultrasound

Population terms pediatric, child, children, adults,
immunocompetent, immunocompromised
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Other imaging terms cost, direct, indirect, epide-
miology, impact, evidence based, appropriate,
indication, indicated, guidelines

Searches were limited to English-language
articles and human studies. Abstracts were
reviewed and selected based on relevance, recent-
ness, and methodology. Additional relevant arti-
cles were selected from the references of reviewed
articles and from published guidelines. We
excluded case reports, animal studies, and basic
science articles.

Discussion of Issues

When Is a Chest Radiograph (CXR)
Indicated for Workup of Suspected
Chest Infection in Adults?

Summary of Evidence

e Obtaining a CXR is appropriate in older
patients (>40 years of age) with acute respira-
tory illness (ARI) (moderate evidence).

e Obtaining a CXR is appropriate in patients
with ARI and dementia (moderate evidence).

* A CXRis not necessary for patients with ARI
who are younger than 40 and have normal
vital signs and a normal physical exam, pro-
vided they can follow-up, and that the risks of
delayed diagnosis of pneumonia are minimal
(moderate evidence).

* A CXR is not necessary for patients with ARI
and a high pretest probability of community-
acquired pneumonia (CAP) who will be
treated for CAP regardless of CXR findings
(moderate evidence).

Supporting Evidence

Radiographs have been used in medical imaging
for over 100 years, and the chest radiograph
(CXR) is as relevant for diagnosis of cardiotho-
racic disease now as it was in the early days of
radiography. The relatively low dose of ionizing
radiation combined with excellent special resolu-
tion, low cost, and high availability make the
CXR an excellent first step in the diagnostic
work-up of patients with suspected chest infec-

tion. That being said, radiography, like any diag-
nostic tool, should be used judiciously.

Community-Acquired Pneumonia (CAP)

The major indication for obtaining a CXR in
patients with ARI in the emergent setting is to
confirm the diagnosis of community acquired
pneumonia (CAP) when suspected based on his-
tory and physical exam. Airspace opacification,
particularly consolidation (the classic finding of
CAP), stands out against adjacent aerated lung
and “silhouettes out” adjacent soft tissue struc-
tures resulting in a perceptible finding on CXR
(Fig. 18.2a—d). Despite the fact that ARI is com-
monly encountered in the emergency setting,
there is a paucity of large randomized controlled
trials evaluating the utility of CXR in this set-
ting. There are some data regarding when to uti-
lize a CXR in suspected cases of CAP [14-22].
There are many societal guidelines concerning
when to use a CXR in this setting. However,
some of these guidelines are conflicting
[23-25].

One of the larger prospective studies to
address the use of radiography in the evaluation
of ARI is Benacerraf et al. from 1981 [14]. One
thousand one hundred two consecutive patients
were evaluated with the goal of identifying
selective indications for CXR based on age,
symptoms, and physical exam findings. Put
briefly, the study showed that for patients
younger than 40 years with ARI symptoms but
normal physical exam findings and absence of
hemoptysis, the yield of CXR was exceedingly
low. A study by Heckerling reviewing 464
patients confirmed that CXRs were nearly
always negative in the absence of physical exam
findings [15]. Patients with dementia were an
exception and had a very high incidence of pneu-
monia on CXR (75.8%) whereas only two of the
106 patients presenting with acute asthma (1.9%)
had pneumonia.

Several more recent studies have been pub-
lished which evaluate when a CXR is appropriate
in suspected CAP [16-19]. O’Brien et al. exam-
ined a series of 350 patients with ARI and a posi-
tive CXR with an equal number of age-matched
patients with ARI and a negative CXR [16]. Their
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Fig. 18.2 (a—d) Frontal (a) and lateral (b) CXRs from a
patient with obvious CAP. Note the dense consolidation in
the right upper lobe. On the lateral view the well-defined
margin of the consolidation represents where it abuts the
minor fissure. Frontal (¢) and lateral (d) CXRs from a dif-
ferent patient demonstrate a slightly less obvious case of

findings confirm earlier work, re-demonstrating
the fact that CXRs are rarely positive in patients
with ARI and a normal physical exam or normal
vital signs. Only 5% of the cases of CAP occurred
in this group of patients. Other studies, including
a more recent Iranian study with a nearly identi-
cal design as O’Brien et al. had similar findings
[18]. A random chart review by Nolt et al. identi-
fied vital sign abnormalities and age greater than
50 as independent predictors of CAP [19]. The
data suggest that for most patients with ARI and
an otherwise normal exam CXR is unnecessary.
The authors did include exceptions for patients
with unreliable follow-up or moderate to high

CAP in the right middle lobe. On the frontal view, there is
indistinct increased density which hides the right heart
border, a “silhouette sign.” On the lateral view, the con-
solidation is contained by the minor and major fissures
resulting in well-defined margins

likelihood of morbidity if CAP is not diagnosed
promptly [16, 18].

A review of 2706 patients admitted to the hos-
pital with a diagnosis of CAP by Basi et al. found
that approximately one third of these patients had
a negative initial CXR and only a small percent-
age developed radiographic evidence of pneumo-
nia while in the hospital [20]. Other studies have
shown similar findings [21, 22]. Studies such as
these call into question the sensitivity of CXR for
CAP in situations where there is a high pretest
probability of pneumonia. In patients with a high
probability of CAP based on symptoms, physical
exam findings, and vital signs, the management
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plan is unlikely to change based on CXR findings
making the exam unnecessary. Indeed, a study by
Aagaard et al. showed that in clinical practice
CXRs were only obtained in 61% of patients with
a clinical diagnosis of pneumonia [21].

There are a variety of societal guidelines con-
cerning the role of the CXR in the diagnostic
work-up of CAP. Some of the most promulgated
guidelines are those of the Infectious Diseases
Society of America in conjunction with the
American Thoracic Society (IDSA/ATS) [23], the
American Association of Family Physicians
(AAFP) [24], and the British Thoracic Society
(BTS) [25]. According to the IDSA/ATS guide-
lines, chest radiography should be obtained when-
ever CAP is suspected in adults to establish the
diagnosis and to aid in differentiating CAP from
other common causes of ARI, such as acute bron-
chitis. The guidelines also state that CXRs are
sometimes useful for suggesting the etiologic
agent, prognosis, alternative diagnoses, and asso-
ciated conditions. When the initial CXR is clear,
but pneumonia is highly suspected, it may be rea-
sonable to treat their condition presumptively with
antibiotics and repeat the imaging in 2448 h.

The AAFP also recommends CXR in the ini-
tial workup of suspected CAP to confirm the
diagnosis, but gives more specific guidelines as
to when a CXR in indicated for diagnosing CAP
in the setting of ARI [26]:

CXR should be performed in:

* Any patient with at least one of the following
abnormal vital signs:
— Temperature > 100° F (37.8° C)
— Heart rate > 100 beats per minute
— Respiratory rate > 20 breaths per minute
* Any patient with at least two of the following
clinical findings:
— Decreased breath sounds
— Crackles (rales)
— Absence of asthma

The BTS guidelines are different from the
American guidelines. They state that it is not nec-
essary to perform a CXR in patients with sus-
pected CAP unless:

e The diagnosis is in doubt, and a chest radio-
graph will help in differential diagnosis and
management of the acute illness.

e Progress following treatment for suspected
CAP is not satisfactory at review.

e The patient is considered at risk of underlying
lung pathology such as lung cancer.

This less aggressive approach toward CXR in
the setting of suspected CAP could, at least in
part, be related to the fact that medical imaging is
a limited resource in the UK due to their national-
ized healthcare system, the National Health
Service (NHS). These recommendations may
also reflect an attempt at cost containment by the
NHS. There is no strong data concerning the
cost-effectiveness of obtaining a CXR in sus-
pected CAP to either confirm or refute these
guidelines.

When Is a CXR Indicated for Workup
of Suspected Chest Infection
in Children?

Summary of Evidence
Chest radiographs are sufficiently sensitive and
highly specific for the diagnosis of CAP in chil-
dren (moderate evidence).

e Imaging studies have limited value in the dif-
ferentiation between viral and bacterial lower
respiratory tract infection in children (moder-
ate evidence).

Supporting Evidence

Community-Acquired Pneumonia

Despite their limitations, there is moderate evi-
dence to suggest that chest radiographs are suffi-
ciently sensitive and highly specific for the
diagnosis of community-acquired pneumonia
(CAP) in children. Table 18.3 summarizes the test
characteristics of the only three studies in which
complete sensitivity and specificity data of chest
radiography are available: reported sensitivities
range between 71 and 87% and specificities from
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Table 18.3 Diagnostic performance of chest radiography in detection of pneumonia in immunocompetent patients

Author Year Study size | Sensitivity Specificity PPV NPV
Rigsby et al. [27] 2004 240 85% 98% n/a n/a
Lamme et al. [28] 1986 179 81-87% 95-96% n/a n/a
Patenaude et al. 1995 373 71% 90% n/a n/a
[29]

Graffelman et al. 2007 129 n/a n/a 75% 57%
[30]

Summary: reported sensitivities range between 71 and 87%, and specificities between 90 and 98% [2—4]
(Used with permission of Springer Science from Choy G, Yager PH, Noviski N, Westra SJ. Imaging of Chest Infections
in Children. In Medina LS, et al., eds: Evidence-Based Imaging in Pediatrics: Improving the Quality of Imaging in

Patient Care. New York: Springer Science; 2010.)

90 to 98% [27-29]. In a few more limited studies,
sensitivity and specificity values were not directly
specified, but accuracy was reported to range
between 58 and 77% [30, 31]. Of note, a large
randomized clinical trial of children less than 5
years of age presenting in an ambulatory care set-
ting with uncomplicated pneumonias failed to
demonstrate any evidence that the routine perfor-
mance of chest radiography improves clinical out-
comes [32, 33].

When viral causes of ARI such as bronchiol-
itis are suspected, CXRs are not needed in
uncomplicated cases. In a retrospective study of
298 patients in an urban children’s hospital at the
University of Colorado by Roback et al., clini-
cians did not typically obtain CXRs in first-time
wheezing episodes. The yield of radiography is
greater when there is a high temperature, absence
of a family history of asthma, and localized
wheezing on physical exam [31]. Perlstein et al.
developed a publication of a set of evidence-
based guidelines as implemented at the Children’s
Hospital of Cincinnati that demonstrated 20%
decrease in number of CXRs ordered [34].

Therefore, recently published evidence-based
practice recommendations by the Infectious
Disease Society of America (IDSA) [35] and the
British Thoracic Society (BTS) [36] recommend
against the routine use of chest radiography in
children with suspected community-acquired
pneumonia who do not require hospitalization.
Prior to the institution of these guidelines, CXRs
were ordered in 83% of pediatric ambulatory

emergency room visits, frequently inappropri-
ately so [37]. Follow up CXRs after 4-6 weeks
are only recommended for children with recur-
rent pneumonia involving the same lobe, to look
for underlying anatomic causes [35].

In summary, accepted indications for chest
radiography are severe disease necessitating hos-
pitalization, confirmation of diagnosis when
there is an atypical clinical presentation, initial
assessment of complications, and exclusion of
other thoracic causes of respiratory distress [33,
38].

Differentiation of Bacterial and Viral
Pneumonia

In a study of 72 adult patients by Graffelman et al.
in the primary care setting, limited value was
found using chest radiography in predicting the
etiology of viral versus bacterial lower respiratory
infections. The positive predictive value and the
negative predictive value for bacterial infection
were 75% and 57%, respectively [39]. In young
children, the classic segmental or lobar airspace
consolidation as a radiographic hallmark of bacte-
rial pneumonia is present in only a minority of
cases, and this radiographic presentation is nearly
absent in neonates. Bilateral interstitial opacities
with peribronchial thickening and hyperinflation,
thought to represent viral small airways disease
(bronchiolitis, Fig. 18.3a, b), is in fact a nonspe-
cific finding, that is indicative of a lower respira-
tory tract infection of any cause in young children
[40]. The fixed hyperinflation, being the most
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Fig. 18.3 (a, b) An 18-month-old boy with respiratory
syncytial virus pneumonia. (a) Frontal CXR shows perihi-
lar streaky lung opacities and peribronchial thickening,
typical of viral infections, with more focal opacity medi-
ally in the right lung base, from superimposed atelectasis.
This was mistaken for alveolar consolidation indicative of

important radiographic feature of pneumonia in
infancy, is due to air trapping in the alveoli result-
ing from degrees of mucosal swelling in the rela-
tively small-caliber terminal airways of infants
that would not compromise air exchange in older
individuals. In addition, the collateral pathways of
ventilation via the channels of Kohn and Lambert
are yet underdeveloped in small children, and
finally there is more hypersecretion in the inflamed
airways in children as compared to adults. This
latter effect also contributes to mucous plugging
of the airways, which frequently leads to (sub-)
segmental atelectases, mimicking alveolar con-
solidations, which are frequently misinterpreted
to represent bacterial pneumonia [40].

A streptococcal pneumonia may initially have
a strikingly round appearance in children younger
than 8 years [40], thereby simulating an intrapul-
monary mass or abscess, until it spreads further
to reach a normal anatomic boundary such as a
fissure (Fig. 18.4a, b). Staphylococcal pneumo-
nias are frequently acquired after viral infections,

269

bacterial pneumonia, and for this reason antibiotic treat-
ment with Amoxicillin was given unnecessarily. (b)
Lateral CXR better demonstrates air trapping in the right
lung base, with flattening of the right hemidiaphragm
(arrow)

such as influenza, and the virulence of this organ-
ism can cause complications such as lung necro-
sis (leading to post-infectious pseudocysts or
pneumatoceles) or empyema. Mycoplasmal
pneumonias seen predominantly in older chil-
dren, although caused by a bacterium susceptible
to specific antibiotics, have a radiographic
appearance that frequently mimics that of a viral
infection [40]. The contrary situation, a viral
infection mimicking a bacterial infection, is
much more common [40-42], and this is reflected
in the low 30% positive predictive value of radio-
graphic criteria to predict bacterial pneumonia
[43]. Radiographic criteria alone overestimate
the presence of bacterial pneumonia [40], poten-
tially leading to overprescription of antibiotics.
On the other hand, the main utility of CXRs in
the ambulatory care setting may be that the high
92% negative predictive value of radiographic
criteria for bacterial pneumonia [43] allows clini-
cians to withhold antibiotics in symptomatic chil-
dren with a negative CXR [40].
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Fig.18.4 (a, b) Frontal CXR (a) in a 37-year-old woman
with HIV demonstrates round mass-like consolidation in
the right lower lobe. The finding resolved several weeks
later and after a course of antibiotics (b) consistent with
round pneumonia. The non-segmental distribution of
round pneumonia is thought to be related to exudative

Viral and bacterial infections frequently coex-
ist, and radiographic criteria alone do not reliably
distinguish between them [35, 43, 44]. This is
compounded by a reported high interobserver
variability for interpretation of CXRs [45-48].
The overlap in clinical and radiographic manifes-
tations of viral and bacterial infections of the
lung in children frequently leads to communica-
tion problems between radiologists and referring
physicians, due to use of inexact and poorly
defined terminology in radiology reports [49]:
the terms “peripheral airways disease,” “(focal)
airspace consolidation,” or “(focal) infiltrate” are
ambiguous, as they are interpreted in a nonuni-
form way by referring physicians. The only reli-
able finding was found to be the presence of an
“alveolar infiltrate,” whereas the presence of an
“interstitial infiltrate” was found to be unreliably
diagnosed by pediatric radiologists [50]. As a
result of this, referring physicians agree with
radiologists’ interpretations in only 78% of cases,
and antibiotics are frequently prescribed even
when no bacterial agent can be proven [49, 51,
52]. It is, therefore, important not to overcall
pediatric CXRs for the presence of a bacterial
infection, which is the most common interpreta-
tion error made by radiologists unfamiliar with
pediatric imaging [53, 54].

fluid tracking through interalveolar channels. Round
pneumonia is more common in younger patients, is usu-
ally caused by Streptococcus pneumonia, and is often
mistaken for a tumor or an atypical infection, such as a
fungal infection

In What Situations Does Computed
Tomography (CT) Add Value

for Workup of Suspected Chest
Infection?

Summary of Evidence

e Although CT is more sensitive than CXR for
pneumonia, it is not indicated in immunocom-
petent patients with suspected uncomplicated
CAP (moderate evidence).

e For complicated pulmonary infections with
bronchopleural fistula, empyema, or pleural
effusion, CT provides more information than
plain radiographs (moderate evidence).

e In the immunocompromised patient, CT is
more sensitive and specific for pneumonia and
should be performed in cases where pneumo-
nia is suspected but the CXR is normal, equiv-
ocal, or nonspecific (strong evidence).

Supporting Evidence

Computed tomography is a 3D imaging tech-
nique with high contrast resolution. By its very
nature, it will be more sensitive than CXR, which
is 2D and has low contrast resolution. The
increased sensitivity of CT comes with a cost. In
addition to being much more expensive and less
available, the dose of radiation from a chest CT is
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on the order of 100’s of times that of a CXR. As
such, usage of CT is typically limited to situa-
tions where the examination has a high probabil-
ity of changing patient management.

Community-Acquired Pneumonia

There have been a few studies evaluating the sen-
sitivity of CT for CAP relative to CXR. Although
no randomized controlled trials have been per-
formed, there are a few retrospective reviews as
well as one prospective study by Syrjala et al.
which evaluated the use of CT for diagnosis of
CAP by assessing 47 patients who had clinically
suspected CAP and simultaneous CXR and CT
[55]. CT identified all 18 cases diagnosed with
CXR and an additional 8 cases which were
radiographically occult. CXR “missed” 31% of
the cases of pneumonia. One of the larger reviews
by Hayden et al. identified 97 of 1057 ED patients
with a diagnosis of pneumonia who had both
CXR and CT [56]. Within this selected group,
there were 26 patients (27%) who had pneumo-
nia which was not visible on CXR. A recent
observational cross-sectional study including
3423 patients by Self et al. examined CXR test
characteristics for detection of pulmonary opaci-
ties relative to CT [57]. Chest radiographs showed
poor sensitivity and positive predictive value
(43.5% and 26.9%, respectively). A retrospective
analysis of quality improvement data on adult ED
patients admitted with pneumonia over 21
months in Rhode Island showed that 49/428
(11%) of the cases of pneumonia were diagnosed
by CT in the setting of a negative CXR [58].

The available data clearly show that CT is
more sensitive than CXR for the diagnosis of
CAP. What is less clear is whether this increase in
sensitivity justifies the added cost and risk of per-
forming CT in what would prove to be a large
number of patients with suspected CAP and a
negative CXR. It is also not clear whether per-
forming CT in this subset of patients would
improve patient outcomes.

The IDSA/ATS consensus guidelines briefly
address the use of CT in patients with suspected
CAP and a negative CXR. They consider CT a
reasonable alternative to empiric treatment with
antibiotics and follow-up CXR when there is high

clinical suspicion of CAP [23]. It would make
sense to utilize CT in situations where it has the
greatest change of adding value to the manage-
ment of the patients. Intuitively, this would
include critically ill patients in whom a timely
diagnosis would reduce the morbidity and mortal-
ity associated with delayed diagnosis. The BTS
guidelines state that CT scanning currently has no
routine role in the investigation of CAP [25].

Complicated Pneumonia

A variety of complications, including parapneu-
monic effusions, empyema, cavitation, and bron-
chopleural fistula are possible with severe cases
of pneumonia. Typically, these patients are ill and
are often already hospitalized; however, compli-
cated cases of pneumonia do occasionally pres-
ent to the ED.

There have been a few studies examining the
value CT adds to the workup of complicated
pneumonia. Baber et al. demonstrate that CT
adds value by detecting/characterizing complica-
tions in ill patients, helping to guide further man-
agement [59]. CT also helps to detect alternative
diagnoses as demonstrated by Banker et al. [60].
This retrospective review sought to assess the
impact of CT on clinical decision making in
immunocompetent ED patients with CXR find-
ings of pneumonia. The patients in the CT arm
had more extensive clinical management, greater
chance of having antibiotic regimen changed,
longer hospital stay, and 16% of the CT patients
had an alternative/additional diagnosis identified
by CT (pulmonary embolism, lung cancer, hyper-
sensitivity pneumonitis, multiple myeloma, renal
cell carcinoma, small bowel obstruction, lung
nodule, and endobronchial mass).

There are several studies in the pediatric liter-
ature which evaluate the role of CT in the man-
agement of complicated pneumonia. Donnelly
et al. looked at 56 patients with complicated
pneumonia who were not responding to treat-
ment [61]. Chest CT was compared to a CXR
performed earlier on the same day. All 56 CT
scans demonstrated at least one finding (cavitary
necrosis, abscess, bronchopleural fistula, cavita-
tion, loculated pleural effusions, malpositioned
chest tube, pericardial effusion, or bronchial
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obstruction) that were not seen on CXRs. A total
of 110 findings were seen on CT and not on CXR,
with an average of approximately of two findings
per CT scan. In another retrospective analysis of
17 children who underwent both CT scanning
and CXR, evidence of cavity necrosis is often
seen on CT before or in the absence of findings
on CXR [62].

In a case series of 42 immunocompetent chil-
dren, CXR was suboptimal in detecting abscesses,
bronchopleural fistulae, fluid loculations, and
parenchymal involvement, when compared to CT
[63]. Chest radiograph accuracy rates were
reported as follows: fluid loculations (42%),
abscess formation (40%), bronchopleural fistulae
(33%), and parenchymal involvement (84%). A
limitation of this study is the lack of reported sen-
sitivity and specificity values. Despite these stud-
ies confirming the expected higher sensitivity of
CT, it is unclear whether the value added by CT
in these situations actually contributes to better
patient outcomes.

Immunocompromised Patients with Acute
Respiratory lliness (ARI) and a Negative

Chest Radiograph

The number of immunocompromised patients is
increasing driven primarily by increasing use of
immunosuppressive drugs for organ transplanta-
tion, treating cancer, autoimmune conditions, and
the continued presence of the human immunode-
ficiency virus (HIV) [64]. Pulmonary complica-
tions are common in immunocompromised
patients, often initially manifesting with symp-
toms of ARI. Of all pulmonary complications,
pulmonary infections comprise nearly 75%,
many of which progress rapidly if left untreated
[64, 65].

Immunocompromised patients with ARI war-
rant special consideration for a variety of reasons.
First and foremost, the consequences of a delayed
diagnosis of pneumonia are often dire. Second,
immunocompromised patients are at risk for
infection with a variety of opportunistic organ-
isms which may require a unique treatment regi-
men. Identifying any findings which can help
narrow the diagnosis to a specific organism is of
great value. Also, some of these opportunistic

infections can be quite subtle on CXR. This is
exacerbated by the fact that these patients can
have trouble mounting an effective inflammatory
response to infection, necessitating a more sensi-
tive imaging exam [66].

CT is more sensitive than CXR for pneumonia
in immunocompetent patients [55-58]; studies
show that this is true to an even greater extent for
immunocompromised patients [64, 67-69].
Although CXR remains the initial imaging exam-
ination of choice due to its availability and low
cost, when an immunocompromised patient with
ARI and suspected pneumonia has a negative
CXR, a CT scan should be performed. An obser-
vational study of immunosuppressed bone mar-
row transplant patients with suspected pneumonia
showed sensitivities ranging between 39% and
59% using CT as the reference [64]. In a study of
49 patients with HIV and a diagnosis of CAP
who received both CXR and CT at admission, CT
identified all of the cases of CAP diagnosed on
CXR, 9 cases. CT also identified lesions not visu-
alized on CXR in the remaining 40 patients
(82%). Some of these lesions included pleural
effusions (n = 14), ground-glass opacification (n
= 20), pericardial effusions (n = 8§), cavitation (n
=4), cysts (n =4), bullae (n =4), abscess (n= 1),
and pneumothorax (n = 1). In 20 of 23 cases,
hilar lymphadenopathy identified on CT, was not
recognized on CXR [67].

The pediatric literature also supports lowering
the threshold for CT in immunocompromised
patients [70-73] (Fig. 18.5a, b). In these high-
risk groups, it is absolutely critical to have a high
sensitivity, as failure to detect results in failure to
treat and subsequent high mortality [72]. CT has
been shown to have higher accuracy than plain
radiography for early detection of pneumonia in
immunocompromised and hospitalized patients
[72, 74-76]. For example, in a series of 48
patients (median age of 11 years and range of
2-19 years), CXRs and CT were rated indepen-
dently by three experienced radiologists and sub-
sequently correlated with biopsy or bronchoscopic
washing results [72]. CT was shown to identify
more true-positive cases of bacterial and fungal
pneumonia than radiography (91% versus 85%).
Unfortunately, no detailed numbers of sensitivity
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Fig.18.5 (a, b) Frontal CXR (a) from a patient with HIV,
fever, and dyspnea. The patient was not on therapy for her
HIV and had a CD4 count below 200. The study was read
as normal, but due to the high index of suspicion for an
opportunistic infection a follow-up CT was performed
(b). Note the subtle patchy ground-glass opacity, a finding

and specificity were cited. In 87 adult patients
with febrile neutropenia (median age 47, range
18-80 years), CT detected pneumonia 5 days on
average earlier than chest radiographs and was
more sensitive in the detection of poorly defined
opacities, ill-defined nodules, consolidation,
ground-glass opacities, pleural effusions, cavita-
tions, and bullae [69].

Identifying Infectious Etiology

in Immunocompromised Patients

In addition to increased sensitivity relative to
CXR, CT also has increased specificity and is able
to identify a variety of patterns of lung disease.
Certain opportunistic infections have relatively
characteristic patterns of pulmonary involvement
which can be identified on CT with a higher
degree of confidence relative to CXR [64].
Examples include Pneumocystis jiroveci pneu-
monia (PJP), invasive pulmonary aspergillosis,
and cytomegalovirus (CMV) [77-81] (Fig. 18.6a—
d). Recognizing these patterns and raising con-
cerns for a particular organism based on imaging
findings allows for early initiation of empiric
therapy; microbiologic data may not be available
for days or weeks in these cases [64, 82, 83].

that is easily missed on CXR. The patient was presump-
tively diagnosed with Preumocystis jiroveci pneumonia
(PJP) which was confirmed with sputum testing. This case
illustrates the importance of CT in the setting of an immu-
nocompromised patient with a high index of suspicion for
pneumonia and a negative CXR

For the evaluation of children who are severely
ill or immunocompromised, CT can add value in
cases of fungal infection or PJP. Janzen et al., in a
retrospective review of 45 children who under-
went both CT and CXR, found that the first choice
diagnosis was correct in 44% on chest CT and
correct in 30% on CXR [70]. Equivocal or normal
chest radiographs are common, reported in up to
39% of patients with PJP infection and in up to
10% of patients with other known pulmonary dis-
ease [84]. In adult AIDS patients, the high nega-
tive predictive value of high-resolution CT allows
one to withhold empiric treatment for PJP pneu-
monia when the CT scan is negative [85].

CT can aid in the detection of fungal infec-
tions via identification of nodules, cavitation,
ground-glass opacities, and halo effect [71, 72,
75]. CT can play an important role in evaluating
pulmonary aspergillosis and candidal pneumo-
nias [72]. In a study to evaluate if CT adds infor-
mation to CXR, 33 cases were reviewed
retrospectively [86]. It was found that in 16 cases
CT added no additional useful information, but in
17 cases CT added confidence and changed
management (biopsy, changing antibiotics,
bronchoscopy).
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Fig. 18.6 (a—d) Cases showing the characteristic imag-
ing patterns seen in PJP, angioinvasive aspergillosis, and
CMYV pneumonia. A frontal CXR (a) and CT (b) from a
patient with HIV, low CD4 count, and PJP demonstrate
the classic findings of ground-glass opacity with periph-
eral sparing. Also note the lack of lymph node enlarge-
ment and pleural effusions. A coronal reconstruction from
a chest CT (c¢) from a patient with neutropenic fever dem-
onstrates several nodular areas of consolidation with sur-
rounding ground-glass halos representing hemorrhage.
This is the classic imaging manifestation of angioinvasive

In What Situations Does Ultrasound
(US) Add Value for Workup

of Suspected Chest Infection

in Children?

Summary of Evidence

e Ultrasound maintains an advantage over CT in
identifying and characterizing complicated
effusions, by its greater cost-effectiveness and

aspergillus infection. Frontal CXR (d) and CT (e) images
from a 41 y/o man with weakness, chills, and a CD4 count
of 17 demonstrate the classic findings of CMV pneumo-
nia. Note the widespread ground-glass opacity with super-
imposed areas of centrilobular nodularity. These cases
illustrate the added specificity of CT over CXR. Although
many infections have nonspecific findings on imaging,
often there are findings which can help narrow the differ-
ential or even suggest a particular organism, as is the case
with these examples. This allows for prompt empiric ther-
apy and hopefully a better outcome for the patient

because it does not employ ionizing radiation
(moderate evidence).

Supporting Evidence

Complications of pneumonia in children are
broadly due to accumulation of pleural fluid that
may become infected and organize over time.
Parapneumonic pleural effusions are almost
exclusively seen in bacterial infections, and not
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in uncomplicated viral pneumonias [40].
However, fluid overload may also cause pleural
effusions in hospitalized patients, making this
distinction less clear in this group.

Ultrasound is the best test to further character-
ize these effusions and guide further treatment
[87]. Based on appearance on imaging tests and
response to treatment, pleural fluid collections
may be classified as stage I (early exudative
phase), stage II (intermediate fibrino-purulent
phase), and stage III (late organizing phase).
Reactive uncomplicated parapneumonic pleural
effusions (stage I) are typically sonolucent and
move with a change in patient position, whereas
complicated (infected) pleural collections (stage
IT) exhibit an echo-complex pattern: echogenic
debris, septations, and lack of movement with
patient positioning [87, 88] (Fig. 18.7a—c). CT is
poor in detecting these septations. CT can help to
diagnose empyemas by virtue of demonstrating
their mass effect on the underlying lung tissue,
but published CT criteria to differentiate empy-
emas from uncomplicated reactive pleural effu-
sion have been shown to be less reliable than
sonographic evaluation [89].

There are several studies evaluating the prog-
nostic implications of the use of ultrasound ver-
sus CT and the implications for treatment
decisions [87, 90-92]. Ultrasound can be helpful
in both prognosis and treatment decisions. It is a
low-cost test, widely available, portable, does not
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use ionizing radiation, and rarely requires seda-
tion. This has to be contrasted to CT, which has a
relatively high radiation dose, in the order of 100
times that of a CXR. Ultrasound is effective in
demonstrating “high-grade” effusions containing
septations, fronds, loculations, and debris.
Ultrasound depiction of the thickness and num-
ber of these septations predict the success of
chest tube drainage [87]. Kearney et al. demon-
strated in a retrospective review of 50 patients
who underwent both US and CT, that although
both US and CT have effective roles, neither
technique reliably identified the stage of pleural
effusions or predicted whether patients would
require surgical intervention [91]. The prepon-
derance of evidence suggests that ultrasound is
the most effective initial cross-sectional modality
when pleural complications are suspected [87,
90, 92], whereas CT is the preferred modality to
diagnose parenchymal complications [87, 89, 91,
93-95] (Fig. 18.7a—c).

Take Home Tables

Table 18.1 summarizes causes of pulmonary
infection by age, and Table 18.2 covers CD4
count and risk of opportunistic infection in HIV/
AIDS. Table 18.3 presents the diagnostic perfor-
mance of chest radiography in detecting pneumo-
nia in immunocompetent patients.

Fig. 18.7 (a-¢) Empyema, role of ultrasound. Chest
radiograph shows left-sided pleural collection. Ultrasound
images demonstrate this collection to be complex (grade
2), with loculations, echogenic fluid, and fibrous adhe-
sions. (Used with permission of Springer Science from

Choy G, Yager PH, Noviski N, Westra SJ. Imaging of
Chest Infections in Children. In Medina LS, et al., eds:
Evidence-Based Imaging in Pediatrics: Improving the
Quality of Imaging in Patient Care. New York: Springer
Science; 2010.)
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Imaging Case Studies

Case 1

Figure 18.1a, b addresses a patient with commu-
nity acquired pneumonia.

Case 2

Figure 18.2a—d addresses a patient with obvious
CAP.

Case3

In Fig. 18.3a, b, an 18-month-old boy with respi-
ratory syncytial virus pneumonia is presented.
Case 4

Figure 18.4a, b presents a 37-year-old woman

with HIV with round, mass-like consolidation in
the right lower lobe.

Case 5

In Fig. 18.5a, b, a patient with HIV, fever, and
dyspnea is presented.

Case 6

Figure 18.6a—d presents cases demonstrating
characteristic imaging patterns seen in PJP,
angioinvasive asperillosis, and CMV
pneumonia.

Case?7

Figure 18.7a—c demonstrates the role of ultra-
sound in empyema.

Suggested Imaging Protocols

e Radiography: Lateral and posterior-Anterior
(PA) views are optimal. Anterior-Posterior
(AP) views can be useful. Decubitus views
can be helpful in distinguishing free-flowing
pleural fluid versus loculated fluid collections
when effusions are suspected. With extensive
pulmonary parenchymal consolidation, how-
ever, the value of decubitus films for the iden-
tification of loculated versus free pleural fluid
is known to be limited.

e Chest CT: In chest infections, use of intrave-
nous contrast is best tailored for the clinical
question. Pulmonary parenchymal findings
are usually easily characterized on non-
contrast examinations, whereas mediastinal
and pleural findings are often better character-
ized with contrast. Lower mA techniques (and
kVp reduction in small children) can be used
in the chest due to the high intrinsic contrast of
air-filled lung parenchyma. Three-dimensional
renditions (virtual bronchoscopy) and coronal
reformats can be helpful tools to use before
moving on to bronchoscopy or surgery.

e Ultrasound: Screening includes the whole
pleural space and not only the lung bases. For
more overview through inter- and subcostal
scanning, lower frequency (3.5-7 MHz) sec-
tor transducers are used at first; subsequently,
higher frequency (10-12.5 MHz) linear trans-
ducers can be useful in uncovering more detail
in the near field before marking for needle
placement [96].

Future Research
Future research should focus on the following:

e Cost-effectiveness research, for example:
what is the cost-effectiveness of CXR and CT
in suspected CAP?

e How can non-ionizing imaging modalities
such as ultrasound and magnetic resonance be
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utilized in the evaluation of pulmonary infec-
tion and its complications?
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