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CHAPTER 5  Imaging the Chest: 
The Chest Radiograph

Joshua Broder, MD, FACEP
Chest radiograph or x-ray is one of the most commonly 
performed imaging tests. It is a high-yield test, providing 
significant clinical information rapidly, at low cost, and 
with low radiation exposure, but many examinations 
are nonetheless unnecessary. In this chapter, we discuss 
the indications for chest x-ray, features of the chest x-ray 
technique and their effect on the resulting image, basic 
principles of chest x-ray interpretation, and a systematic 
algorithm for image interpretation. Following this, we 
present extensive figures with chest x-ray images depict-
ing a spectrum of emergency findings. When available, 
corresponding computed tomography (CT) images are 
shown. These clarify chest x-ray findings, demonstrate 
the limitations of plain chest radiography, and illustrate 
the occasional need for advanced imaging for further 
delineation of pathology. This chapter focuses on chest 
x-ray in the nontrauma patient, although the principles 
also apply to patients with traumatic injuries, discussed 
in detail in Chapter 6.

Chest CT, ventilation–perfusion (VQ) scan, and thoracic 
ultrasound are discussed in detail in additional chapters 
focused on chest trauma (see Chapter 6), pulmonary 
embolism and aortic disease (see Chapter 7), and car-
diac imaging (see Chapter 8).

CHEST IMAGING MODALITIES
Modalities for thoracic imaging include chest radio-
graph (x-ray), CT, VQ scan, echocardiography, magnetic 
resonance (MR), fluoroscopy (used for pulmonary angi-
ography, aortography, and upper gastrointestinal imag-
ing), and positron emission tomography (PET). MR has 
a limited role in the emergency department currently, 
largely because of issues of cost and availability, but is 
used in selected patients in diagnosis of conditions such 
as pulmonary embolism and aortic disease. PET scan-
ning is used primarily in detection of metabolically 
active neoplastic disease and is therefore not routinely 
used in the emergency department. Characteristics 
of these imaging modalities are shown in Table 5-1. 
Issues related to CT and MR such as iodinated contrast 
nephropathy and allergy, radiation, and gadolinium-
associated nephrogenic systemic fibrosis are discussed 
in Chapters 6, 7, 8, and 15.
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Cost of Chest X-ray
Chest x-ray is one of the most cost-effective imaging 
examinations, with the cost to patients being between 
$50 and $220 in many medical systems.1 However, 
charges for chest x-ray vary considerably, even in the 
same geographic region. According to data provided 
by health care facilities, the U.S. national average cost 
of chest x-ray was $370 in 2010.2 Evidence-based guide-
lines for imaging should be followed when available 
and applicable, as the total cost of common, individu-
ally inexpensive tests such as chest radiography to the 
U.S. medical system is enormous.

Radiation Exposure From Chest X-ray
Chest x-ray provides minimal radiation exposure, 
around 0.01 to 0.02 mSv.3 This is the equivalent of approx-
imately a single day’s background radiation exposure 
at most locations on the Earth. It equals the additional 
radiation exposure incurred by taking a commercial air-
line flight at 35,000 feet from New York to Los Angeles. 
The radiation exposure is focused and is quite safe in 
pregnant patients, with negligible scatter radiation to 
the abdomen and pelvis. Abdominal shielding has not 
been shown to be necessary to reduce fetal exposure sub-
stantially, though it remains a recommended action for 
the psychological well-being of the pregnant patient.4-5 
Radiation exposures from chest CT are far greater, by as 
much as 500 fold, and are discussed in detail in Chapters 
7 and 8.

Are Health Care Workers at Risk From Chest X-ray 
Radiation Exposure?
The exposure to health care workers from portable chest 
x-rays is very low if simple precautions are taken; at a 
distance of 15 inches from the x-ray beam, the scatter 
radiation exposure is minimal (around 0.0008 mSv), 
requiring exposure to more than 1200 radiographs to 
equal annual background radiation exposure.6 Multiple 
other studies suggest trivial exposures to health care 
workers using simple precautions to distance them-
selves from the x-ray source.6-9 If an appropriate safe 
distance cannot be achieved because of patient care 
requirements, simple shielding devices such as thyroid 
and torso aprons should be used.



186 DIAGNOSTIC IMAGING FOR THE EMERGENCY PHYSICIAN
TABLE 5-1.  Common Thoracic Imaging Modalities

Modality Applications Radiation Exposure Cost Contraindications
X-ray (radiograph) Broad utility in chest pain, 

dyspnea, fever, hemopty-
sis, pneumoperitoneum, 
foreign body, trauma

0.01-0.02 mSv  
(~1 day of  
background  
radiation on Earth)

$50-$200 None. X-ray is safe in  
pregnancy, with or without 
abdominal shielding.

Computed  
Tomography (CT)

Pulmonary embolism, 
aortic disease, coronary 
artery disease, trauma, 
abscesses, malignancy, 
further delineation of chest 
x-ray abnormalities

8-20 mSv, depending 
on factors such as 
electrocardiogram  
gating (see Chapter 
8)

$1000-$2000 IV contrast used for CT  
angiography is contraindi-
cated by renal insufficiency 
or allergy. Radiation dose 
is high, raising concerns in 
young patients and women 
due to breast exposure.

Ventilation- 
Perfusion (VQ) 
Scan, a nuclear 
scintigraphy 
technique

Pulmonary embolism; also 
used in nonemergent 
settings to evaluate lung 
ventilation

8 mSv $1000-$2000 Use in pregnancy and non-
pregnant women has been 
advocated as an alternative to 
CT, based on some studies 
showing lower radiation expo-
sures from VQ. Use is con-
traindicated in patients with 
extensive lung disease, e.g., 
COPD or asthma, due to high 
likelihood of nondiagnostic 
results in PE evaluation.

Echocardiography Pericardial effusion, cardiac 
output, valvular abnor-
malities, congenital heart 
disease, pulmonary embo-
lism, cardiac arrest

None $500; bedside echo 
by emergency 
physicians may or 
may not be billed 
depending on 
institution

None.

Magnetic reso-
nance imaging 
(MRI)

Aortic disease, pulmonary 
embolism (not standard)

None $3000-$4000 Pacemakers and other 
electronic devices are a 
contraindication, although 
some devices are safe (check 
device- and MRI machine–
specific information). Gado-
linium contrast used in many 
chest applications is con-
traindicated in patients with 
severe renal disease.

Fluoroscopy Pulmonary angiography,  
aortography, 
esophagography

4-20 mSv; high 
 radiation exposure 
due to total duration 
of “beam on” time

Extremely variable;  
may exceed 
$10,000 for aortog-
raphy or pulmonary 
angiography if used 
for diagnosis and 
treatment

Radiation exposure is a relative  
contraindication in young 
patients. Injected contrast 
agents are contraindicated by 
allergy or renal insufficiency.

Positron Emission 
Tomography (PET)

Detection of metabolically 
active neoplastic disease

Not routinely used in emergency department patients
Clinical Indications for Chest X-ray
For reasons of time, cost, and radiation exposure as 
described earlier, best-evidence guidelines should be 
applied when possible to guide the use of chest x-ray. 
Chest x-ray is useful in evaluation of a multitude of patient 
presentations, including cough and fever, chest pain, 
dyspnea, hemoptysis, weight loss, hypoxia, suspected 
subdiaphragmatic pneumoperitoneum, even Horner’s 
syndrome. Given the incredible range of possible patient 
presentations, no single clinical decision rule can govern 
chest x-ray use for all cases, and the emergency physician 
must make clinical decisions for radiography based on 
the individual patient presentation. However, the value 
of chest x-ray in common clinical scenarios has been 



reviewed extensively by the American College of Radi-
ology (ACR) in its appropriateness criteria. These crite-
ria, published on the ACR website, are expert consensus 
guidelines based on review of medical literature by radi-
ologists and experts from other medical specialties. Sum-
maries of ACR guidelines relevant to thoracic imaging 
are presented in Tables 5-2 and 5-3. The ACR rates imag-
ing studies using a 1-to-9 scale, with 9 being “most appro-
priate” and 1 being “least appropriate.” Although the use 
of plain chest radiography may appear “harmless” given 
its speed, relatively low cost and low radiation exposure, 
collective costs of unnecessary radiographs and other 
preoperative tests are believed to total in the billions of 
dollars in the United States annually.10 Other potential 
harms from unnecessary radiography include delays in 
surgery prompted by the detection of incidental findings 
such as pulmonary nodules and costs and morbidity of 
additional diagnostic procedures triggered by chest x-ray 
findings. Consequently, chest x-ray should be ordered 
with attention to the evidence supporting its use for a 
given clinical presentation. Unfortunately, as we will 
review, high quality evidence to guide clinical decisions 
is lacking for many potential indications for chest x-ray.

Is a Chest X-ray Routinely Indicated for Chest Pain?
A multitude of causes can result in chest pain, includ-
ing a number of abnormalities visible on chest x-ray. 
Pneumonia, pneumothorax, pneumomediastinum, neo-
plasms, rib fractures, and aortic dissection are just a few 
of the disease processes that can result in chest pain and 
that the chest x-ray may diagnose or suggest. Pulmo-
nary embolism may have associated chest x-ray abnor-
malities such as pleural effusion or pulmonary infarct, 
although sensitivity and specificity of chest x-ray are too 
poor for clinical diagnosis of this entity. The ACR recom-
mends chest radiography as the initial imaging study 
for patients with chest pain and a low probability of 
cardiac ischemia, given the range of possible diagnoses 
and the low cost and radiation exposure of chest x-ray.11 
The American College of Emergency Physicians (ACEP) 
recommended chest x-ray for many scenarios described 
in its 1995 “Clinical Policy for the Initial Approach to 
Adults Presenting With a Chief Complaint of Chest 
Pain, With No History of Trauma,” which has since been 
retired (all ACEP clinical policies are subject to retire-
ment if a new review of the literature is not conducted 
within a prescribed time frame).12 Systematic prospec-
tive studies on the value of chest x-ray in undifferen-
tiated chest pain are limited. In a retrospective study 
of 5000 portable or posterior–anterior (PA) and lateral 
chest radiographs performed on emergency department 
patients, Buenger et al.13 discovered that “serious dis-
ease” was found in 35% of those with chest symptoms, 
based on the x-ray requisition. Requisition information 
may not reliably characterize a patient’s symptoms, so 
the validity of this study remains in doubt.
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Is a Chest X-ray Routinely Indicated for Stroke?
Sagar et al.14 performed a retrospective review of 435 
patients admitted with a diagnosis of acute stroke. They 
found that 86% had an admission chest x-ray performed 
and 77.5% of radiographs were technically inadequate, 
mostly because of poor patient positioning and poor 
inspiratory effort. Radiographic abnormalities were 
seen in 61 patients (16.4% of those undergoing radiog-
raphy), and clinical management appeared to have been 
altered in 14 patients (3.8% of those undergoing radi-
ography). The authors conclude that chest radiography 
is not routinely indicated for patients with acute stroke 
in the absence of suggestive clinical findings or com-
plaints. As with many other clinical presentations, pro-
spective studies for chest x-ray in stroke are lacking, and 
little evidence exists regarding the role of chest x-ray in 
presentations such as altered mental status (rather than 
obvious stroke syndromes such as hemiparesis).

Is a Chest X-ray Routinely Indicated 
for  Gastrointestinal Bleeding?
Tobin et al.15 reviewed 202 adult patients admitted to 
intensive care units for gastrointestinal hemorrhage. 
They found that 161 (80%) underwent admission chest 
x-ray. Review of radiographs by a radiologist blinded to 
the study purpose found 14.3% with minor radiographic 
abnormalities, none of which resulted in a therapeutic or 
diagnostic intervention. Major radiographic abnormali-
ties were found in 13% of patients, with an intervention 
in only 5.6% of patients. Predictors of major abnormali-
ties included history of lung disease and abnormal lung 
physical examination at presentation (sensitivity = 79%, 
negative predictive value = 96%). These variables also 
predicted major radiographic abnormalities associated 
with interventions (sensitivity 89%, negative predictive 
value = 99%). The authors found that selective radiog-
raphy based on these criteria would have reduced the 
charges from chest radiography by more than $500 per 
major abnormality detected and by more than $1000 
per major abnormality associated with an intervention. 
These findings have not been externally validated in a 
separate population but do suggest that routine chest 
x-ray is unnecessary for this clinical presentation.

Is a Chest X-ray Routinely Indicated for Acute 
 Respiratory Illness With Features Such as Productive 
Cough?
Acute respiratory illness is defined by the presence of 
one or more factors, including cough, sputum produc-
tion, chest pain, and dyspnea, with or without fever. 
A multitude of studies have examined the role of chest 
x-ray, examining varying populations including healthy 
hosts, immunocompromised patients, the elderly, and 
patients with asthma and chronic obstructive pulmonary 
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TABLE 5-2.  American College of Radiology Appropriateness Criteria for Chest X-ray or Computed Tomography 
in Common Clinical Scenarios

Clinical Scenario ACR Rating for X-ray Chest ACR Rating for CT Chest 
Acute chest pain

 •  Low probability of coronary 
artery disease

9 CTA chest (noncoronary): 6—Useful in ruling out other 
causes of chest pain such as aortic dissection, pulmonary 
embolism, pneumothorax, pneumonia.

 •  Suspected aortic dissection 9—Should be performed if 
readily available at the bed-
side and does not cause delay 
in obtaining a CT or MRI. 
Alternative causes of chest 
pain may be discovered. Not 
the definitive test for aortic 
dissection.

CTA chest and abdomen: 9—Recommended as the definitive 
test in most patients with suspicion of aortic dissection.

 •  Suspected pulmonary 
embolism

9—to exclude other causes of 
chest pain

CTA chest (noncoronary): 9—Current standard of care for 
detection of PE.

Chronic chest pain

 •  High probability of coronary 
artery disease

3—Usual initial imaging study 
in cardiac patients. Although 
used frequently, chest radio-
graphs can neither establish 
nor exclude chronic ischemic 
heart disease. Insensitive for 
detecting coronary arterial 
 calcification. Limited value 
in patients with high risk of 
CAD.

CTA coronary arteries: 7—Very good accuracy and negative 
predictive value in low to intermediate risk groups. However, 
may have false negatives in high-risk group, and negative 
studies may still require further diagnostic testing. Coronary 
calcification often found in older high-risk patients (espe-
cially males) can limit coronary luminal assessment.

 •  Low to intermediate probabil-
ity of coronary artery disease

9 CTA chest (noncoronary) with contrast: 8— Important 
examination for pulmonary embolism and thoracic aortic 
 aneurysm/dissection. To rule out PE and evaluate lung 
pathology. Appropriate for chronic anginal chest pain.

CTA coronary arteries with contrast: 8—Can be used to 
assess for coronary atherosclerosis,anomalous coronary 
artery, and pericardial disease. High negative predictive 
value will exclude coronary artery disease and allow triage 
management to focus on more likely diagnoses. To eliminate 
unnecessary catheterizations. 

CHF

 •  Symptomatic, new onset or 
recurrent

9 2—readily diagnosed on CT obtained for other indications

 •  Known CHF, stable or 
asymptomatic

4

Dyspnea—suspected cardiac 
origin

8 CTA coronary arteries: 6
CTA coronary arteries with advanced low dose techniques: 6
CTA chest (noncoronary): 6

Suspected bacterial 
endocarditis

9 CT heart function and morphology with contrast: 6— 
Multidetector with maximal temporal and spatial resolution. 
Probably indicated to rule out paravalvular abscess and/or 
psedoaneurysm. Emerging technology.

Known or Suspected congenital 
heart disease in the adult

7 CT heart function and morphology with contrast: 7. May be 
alternative to MRI and TTE/TEE. High spatial resolution to 
evaluate small and tortuous vessels. For evaluation of airway. 

CTA coronary arteries with contrast: 6. When there is a high 
index of suspicion for fistula or anomalous coronaries.

CTA coronary arteries with contrast with advanced low dose 
techniques: 6. Important in young to middle-age adults 
because of reduced radiation dose.

Acute respiratory illness Varies—see Table 5-3 Varies

Acute respiratory illness in  
HIV-positive patients

9 CT chest without contrast: 8—When negative, equivocal, or 
nonspecific chest radiograph.
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TABLE 5-2.  American College of Radiology Appropriateness Criteria for Chest X-ray or Computed Tomography 
in Common Clinical Scenarios—cont’d

Clinical Scenario ACR Rating for X-ray Chest ACR Rating for CT Chest 

Chronic dyspnea—suspected 
 pulmonary origin

8-9—depends on age and 
examination

Any age, nonrevealing or nondiagnostic clinical, standard 
radiography, and laboratory studies.  

In the setting of chronic dyspnea, the most appropriate 
 imaging study is a thin section high resolution chest CT: 9. If 
a patient has dyspnea not clearly of pulmonary origin, other 
entities such as chronic or acute pulmonary embolism may 
need to be excluded. In that setting, a thin section chest 
CT with intravenous contrast is appropriate. See the ACR 
Appropriateness  Criteria® topic on “Acute Chest Pain– 
Suspected Pulmonary Embolism”.

Hemoptysis,
Two risk factors (>40 years old 
and >40 pack-year history)

9 without contrast: 6 (useful for patients with renal failure or 
contrast allergy.); with contrast: 8 (optimal study shows 
enhancement of the systemic arteries.)

Rib fractures, adult < 65 years 
of age

8—PA view. Rib views are 
given a rating of 2.

2—with or without contrast

Routine admission and preop-
erative chest radiography

NA

 •  Asymptomatic, history and 
 physical unremarkable

2 (preoperative or routine)

 •   Acute cardiopulmonary find-
ings by history or physical

9 (preoperative or routine)

 •  Chronic cardiopulmonary dis-
ease in the elderly (>age 70), 
previous chest radiograph 
within 6 months available

6 (preoperative), 4 (routine 
admission)

 •  Chronic cardiopulmonary dis-
ease in the elderly (>age 70), 
previous chest radiograph 
within 6 months not available

8 (preoperative or routine)

Routine chest radiographs in 
uncomplicated hypertension 
(asymptomatic)

NA

 •  Mild hypertension—diastolic 
pressure 90-104 mm Hg

1 NA

 •  Moderate or severe hyper-
tension—diastolic pressure 
105-114 or ≥115 mm Hg

5 NA

Screening for pulmonary 
metastases

8-9—depends on  malignancy 
type

7-9—depends on malignancy type; noncontrast CT

Solitary pulmonary nodule NA—chest x-ray  presumably 
already performed, demon-
strating lesion

CT chest with contrast: 6
CT chest without contrast: 8

Staging of bronchogenic 
carcinoma

NA—chest x-ray  presumably 
already performed, 
 demonstrating lesion
8 or 9—if no baseline chest 
x-ray available

CT chest with or without contrast (including upper  abdomen): 
9—CT with contrast is preferred if there are no strong 
contraindications.

Blunt chest trauma—suspected 
aortic injury

9 CTA chest (noncoronary): 9
CT chest without contrast: 6—Useful to detect mediastinal 
hematoma when contrast contraindicated.

From American College of Radiology. ACR appropriateness criteria. (Accessed at http://www.acr.org/secondarymainmenucategories/ 
quality_safety/app_criteria.aspx) (Access date: 3-21-2011)
This table integrates information relevant to the practice of emergency medicine from multiple ACR Appropriateness Criteria topics, and does not 
represent all information included in these topics.  Refer to the ACR website at www.acr.org/ac for the most current and complete version of the 
ACR Appropriateness Criteria®.”  
Reprinted with permission of the American College of Radiology, Reston, VA. No other representation of this material is authorized without 
expressed, written permission from the American College of Radiology.
Rating scale: 1, 2, 3: Usually not appropriate; 4, 5, 6: may be appropriate; 7, 8, 9: Usually appropriate.
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disease (COPD). The ACR divides its recommendations 
based on these and other patient factors as shown in 
Table 5-3.17 Benacerraf et al.16 studied 1102 outpatients 
with acute respiratory illness and found that in patients 
below 40 years 96% of chest radiographs had no acute 
abnormalities. Limiting radiography in patients below 
age 40 to those with abnormal physical examination or 
hemoptysis would have reduced radiography by 58% 
and missed only 2.3% of acute abnormalities. Fever, 
cough, and the presence of even purulent sputum were not 
predictive of chest x-ray abnormalities in patients under the  
age of 40.16-17 Patients above the age of 40 and 

TABLE 5-3.  American College of Radiology Appro-
priateness Criteria: Acute Respiratory 
Illness*†

Clinical Variant
ACR Rating for  
X-ray Chest

>Age 40 8

Dementia, any age 8

<Age 40, negative physical exam, 
and no other signs, symptoms,  
or risk factors

4

<Age 40, positive physical exam  
or other risk factors

9

Complicated pneumonia 9

Suspected severe acute  
respiratory syndrome

9

Suspected anthrax 9

Febrile, neutropenic 9

Acute asthma

 •  Uncomplicated 4

 •  Suspected pneumonia or 
pneumothorax

9

Acute exacerbation of COPD

 •  “Uncomplicated,” with no his tory 
of CAD or CHF and no leuko-
cytosis, fever, or chest pain

4

 •  With one or more of the following: 
leukocytosis, pain, history  
of CAD or CHF

9

American College of Radiology: ACR Appropriateness Criteria: Acute 
Respiratory Illness. Available at: http://www.acr.org/SecondaryMainMenu-
Categories/quality_safety/app_criteria/pdf/ExpertPanelonThoracicImaging/
AcuteRespiratoryIllnessDoc1.aspx. Accessed 3-21-2011.
Rating Scale: 1,2,3 Usually not appropriate; 4,5,6 May be appropriate; 
7,8,9 Usually appropriate
* This is a truncated version of the full ACR Appropriateness Criteria, 
which also includes ratings for chest CT in each of the Clinical Variants.
Reprinted with permission of the American College of Radiology, 
 Reston, VA. No other representation of this material is authorized 
without expressed, written permission from the American College of 
Radiology. Refer to the ACR website at www.acr.org/ac for the most 
current and complete version of the ACR Appropriateness Criteria.
†Acute respiratory illness is defined by the presence of one or more 
factors including cough, sputum production, chest pain, and dyspnea, 
with or without fever.
immunocompromised patients, such as those with HIV 
or neutropenia, represent higher risk groups for which 
radiography is recommended by the ACR for signs and 
symptoms of acute respiratory illness.17 The emergency 
physician should incorporate other factors into the 
decision to obtain radiography and to treat the patient, 
including access to care, contacts with high-risk (immu-
nocompromised) patients, endemic or epidemic disease, 
and risk factors for tuberculosis or undiagnosed HIV.

Is a Chest X-ray Routinely Indicated for Suspected 
Pneumonia?
When the emergency physician specifically suspects 
pneumonia, is radiography warranted? As discussed 
earlier, patients below the age of 40 with normal physi-
cal examination and no hemoptysis have a very low rate 
of radiographic abnormalities and should not routinely 
undergo chest x-ray. Does this mean that patients not 
meeting these “low risk” criteria must undergo chest 
x-ray? The ACR points out in its appropriateness crite-
ria for acute respiratory illness some important dispari-
ties between clinical practice and professional society 
recommendations in the diagnosis of pneumonia. The 
Infectious Diseases Society of America and the American 
Thoracic Society recommend that chest radiography be 
obtained when pneumonia is suspected in adults to assist 
in distinguishing community-acquired pneumonia from 
other common causes of cough and fever, such as acute 
bronchitis. However, some clinicians may choose to treat 
patients empirically for pneumonia, without obtaining 
radiography, when a high clinical suspicion exists. This 
is an appropriate evidence-based strategy, as a negative 
chest x-ray does not rule out pneumonia. When a high 
pretest probability exists, a negative chest x-ray is inad-
equate to exclude pneumonia and should not be used as 
the sole basis to determine management.17

Is a Chest X-ray Routinely Indicated for Asthma?
In patients with asthma without features suggesting 
complications such as pneumonia or pneumothorax, 
x-ray likely has little role.17 Findley and Sahn18 studied 90 
adult patients with asthma undergoing chest radiograph 
and found only 1 patient with an acute infiltrate; normal 
(55%), hyperinflation (37%), and unchanged minimal 
interstitial infiltrates (7%) were common patterns. Chest 
x-ray interpretation did not correlate with admission, 
suggesting that radiographs in asthma play little role in 
management. Gershel et al.19 studied 371 consecutive 
children over the age of 1 year with first-time wheezing 
and found that 94.3% had x-ray findings compatible with 
uncomplicated asthma (negative). Of the 371 patients 
studied, 21 (5.7%) had positive chest x-ray findings, 
including atelectasis and pneumonia in 7, segmental 
atelectasis in 6, pneumonia in 5, multiple areas of sub-
segmental atelectasis in 2, and pneumomediastinum in 
1. Although the authors call this 5.7% “positive,” it is not 
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clear that findings of atelectasis or even pneumomedias-
tinum alter management in a clinically beneficial way, as 
no specific therapy is required for these abnormalities. 
When only pneumonia is considered a positive finding, 
only 3.9% of first-time wheezing children had positive 
chest x-rays. The authors found that 95% of abnormal 
x-rays could be predicted based on the presence of tachy-
pnea greater than 60 breaths per minute, pulse greater 
than 160 beats per minute, and localized rales or dimin-
ished breath sounds, before or after treatment—suggest-
ing that even in first-time pediatric wheezing, routine 
x-ray may not be necessary. Aronson et al.20 reported on 
125 consecutive adult asthma admissions and found no 
chest x-ray abnormalities in 81 patients characterized 
as uncomplicated, defined as having a prior history of 
asthma, presenting with dyspnea and wheezing, and 
having no history of fever or chills, immunosuppres-
sion, cancer, intravenous (IV) drug abuse, prior thoracic 
surgery, cardiac disease, or pulmonary disease such as 
COPD or granulomatous disease.

Is a Chest X-ray Routinely Indicated for Chronic 
Obstructive Pulmonary Disease?
In COPD, the ACR recommendations are somewhat at 
odds with work published in the emergency medicine 
literature. According to the ACR, in COPD patients 
without fever, leukocytosis, chest pain, or history of con-
gestive heart failure (CHF) or coronary artery disease 
(CAD), chest x-ray has a low diagnostic utility, with an 
appropriateness rating of four out of nine.17 These rec-
ommendations are concordant with the work of Sher-
man et al., who retrospectively reviewed 242 patients 
with admission chest x-rays for COPD. Although 14% 
had radiographic abnormalities, the authors concluded 
that only 4.5% had appropriate and clinically important  
management changes resulting from chest x-ray find-
ings. They found that leukocytosis (white blood cell 
count >15 × 109 per liter and neutrophil count >8 × 
109 per liter), history of CHF or CAD, chest pain, and 
extremity edema were a “high risk” criteria predictive of 
important acute radiographic abnormalities.

Emerman and Cydulka21 attempted to validate these 
high-risk criteria in a retrospective series of 685 emergency 
department visits for acute COPD in which a chest x-ray 
was performed. In this series, 16% of patients had signifi-
cant chest x-ray abnormalities: 88 with new infiltrates, 2 
with new lung masses, 1 with pneumothorax, and 20 with 
evidence of pulmonary edema. Abnormalities were asso-
ciated with history of CHF, fever, rales, pedal edema, and 
jugular venous distension. In contrast, white blood cell 
count, temperature in the emergency department, history 
of CAD, and complaints of chest pain or sputum produc-
tion were not associated with chest x-ray abnormalities. 
The sensitivity of the high-risk criteria was only 76%, with 
a specificity of only 41%. The authors recommended rou-
tine x-ray in patients with apparent acute COPD.
Is a Chest X-ray Routinely Indicated for 
 Asymptomatic Hypertension?
According to the ACR reviews, patients with asymptom-
atic hypertension should not routinely undergo chest 
x-ray, although debate remains about the value of radi-
ography with rising levels of hypertension. In theory, 
chest x-ray might be of value in patients with asymp-
tomatic hypertension by revealing cardiomegaly or left 
ventricular hypertrophy, aortic enlargement or coarc-
tation, or pulmonary vascular congestion. Although a 
number of authors have suggested these benefits, others 
have argued that the management of hypertension is not 
positively influenced by chest x-ray findings; regardless 
of the presence or absence of chest x-ray abnormalities, 
blood pressure control should be attempted. Moreover, 
studies indicate that chest x-ray is insensitive and non-
specific for detection of left  ventricular hypertrophy, 
which is better assessed with echocardiography.22

Is a Chest X-ray Routinely Indicated for Admitted 
Patients?
The ACR found that routine admission or preoperative 
chest x-ray is not indicated in the patient with no car-
diopulmonary findings by history or physical examina-
tion, with an appropriateness of two out of nine.10 In 
patients with acute cardiopulmonary findings by his-
tory or physical, chest x-ray is highly appropriate, with 
a rating of nine. Because of a lack of evidence against the 
use of routine chest x-ray, in elderly patients (70 years or 
older) with chronic cardiopulmonary disease, the ACR 
rates chest x-ray as appropriate (eight of nine), even in 
the absence of history or physical findings, when a chest 
x-ray has not been performed within the past 6 months. 
The value of chest x-ray is less clear in this asymptom-
atic group when a recent chest x-ray (within 6 months) 
is available for review (ACR rating four to six of nine).

What is the basis for the ACR recommendations in these 
cases? The ACR cites multiple studies addressing the 
utility of routine chest x-ray in patients admitted for 
gastrointestinal hemorrhage, acute stroke, and other 
conditions affecting the elderly. Gupta, Gibbins, and 
Sen23 prospectively studied 1000 consecutive admis-
sions to an acute geriatric ward and found that 35% to 
50% of patients had no apparent indication for chest 
x-ray. In this group without chest x-ray indications, 5.5% 
had radiographic abnormalities but less than 1% had 
clinically important findings. In an exhaustive system-
atic review, Munro, Booth, and Nicholl24 found that no 
randomized controlled trials of the effectiveness of rou-
tine preadmission or preoperative chest x-rays had been 
published, and most studies do not (or cannot, because 
of study design) assess the effect on clinical manage-
ment of detected radiographic abnormalities. Estimates 
of the frequency of changes in clinical management sug-
gest patient benefit in fewer than 5% of cases.10
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We have discussed some common evidence-based indi-
cations for chest x-ray. Now we consider basic principles 
of chest x-ray technique relevant to emergency medi-
cine and key principles of image interpretation. We fin-
ish with findings of specific pathology and a systematic 
approach to the interpretation of chest x-ray.

INTERPRETATION OF CHEST X-RAY: 
BASIC PRINCIPLES
Interpretation of chest x-ray requires several elements:
 •  An understanding of some basic principles and ter-

minology of radiography
 •  A knowledge of the normal appearance of the chest 

x-ray
 •  A familiarity with the appearance of important patho-

logic findings
 •  A systematic approach to allow all key findings to be 

observed

We start with some basic principles. If you are already 
familiar with basic radiographic concepts and the normal 
appearance of the chest x-ray, move on to the section on 
pathology. But a few minutes familiarizing yourself with 
the ideas in this section can pay big dividends some day 
when you encounter an unfamiliar chest x-ray that does 
not fit any of the patterns of common pathology discussed 
in this chapter. Understanding basic principles may 
allow you to deduce the nature of the abnormality and 
avoid common pitfalls. A number of outstanding texts 
are devoted entirely to chest radiography.25-26 We have 
drawn on numerous sources for the following discussion.

Chest X-ray Techniques and Effects on Resulting 
Images
Familiarity with the chest x-ray technique is important 
for the emergency physician because it can affect the 
appearance of important diagnostic findings and the 
sensitivity and specificity of a chest x-ray for these diag-
noses. In some cases, a given chest x-ray technique may 
falsely simulate pathology; in other cases, the technique 
many hide important abnormalities. Here, we describe 
the most common chest x-ray techniques, along with pit-
falls of each. The most common variations of the frontal 
chest x-ray used in the emergency department are the 
anterior–posterior (AP) view and the PA view. The AP 
view is commonly performed as a portable study in the 
patient’s room, and it may be performed with the patient 
in a supine or upright position. The PA frontal view is 
performed in the radiology suite, and often a lateral pro-
jection PA chest x-ray is obtained at the same time.

Chest x-rays can be characterized by the following:
 •  The direction of the x-ray beam as it passes through the 

patient (posterior to anterior or anterior to posterior)
 •  The distances between the x-ray source, the patient, 

and the x-ray detector
 •  The position of the patient (upright, supine, lateral 
decubitus, lordotic, or oblique)

 •  The x-ray exposure

Each of these variables has important effects on the 
resulting image. In some cases, the technique is manipu-
lated intentionally to achieve a desired diagnostic effect. 
In other cases, the patient’s clinical condition limits the 
x-ray technique, and we are forced to accept a subopti-
mal diagnostic image. Understanding the effects of the 
x-ray technique on the resulting image is invaluable in 
helping the emergency physician to avoid misinterpre-
tation of the image and misdiagnosis of the patient.

Direction of the X-ray Beam With Respect to the Detector: 
Posterior–Anterior Versus Anterior–Posterior Technique
When a frontal projection chest x-ray is obtained, the 
direction of the x-ray beam as it passes through the 
patient to the detector can be from patient posterior to 
anterior or from patient anterior to posterior (Figure 
5-1). To restate this another way:

In the case of the PA x-ray, the patient is oriented with the 
x-ray film or detector in contact with the anterior surface 
of the thorax. The x-ray beam passes through the patient’s 
posterior thorax to the detector. The patient faces toward 
the detector, away from the x-ray source (Figure 5-1).

In the case of the AP x-ray, the patient is oriented with 
the x-ray film or detector, in contact with the posterior 
surface of the thorax. The x-ray beam passes through 
the patient’s anterior thorax to the detector. The patient 
faces toward the x-ray source, away from the detector.

Why does the direction of the x-ray beam through the 
patient to the x-ray detector matter? We return to this 
question in a moment, but first we describe a character-
istic difference in the PA and AP x-ray techniques, which 
contributes to differences in the resulting image.

The PA chest x-ray is typically acquired in a radiology 
suite, with the x-ray source positioned 6 feet from the 
x-ray detector. In comparison, the AP chest x-ray is typi-
cally acquired as a portable examination, with only 3 
feet separating the x-ray source and the detector.

Distance of the X-ray Beam With Respect to the 
Detector: Posterior–Anterior Versus Anterior–Posterior 
Technique
Why does the distance from the x-ray source to the detec-
tor matter? The answer becomes obvious if we consider 
the analogy of the children’s game of creating shadows 
on a wall with a light source (Figures 5-2 and 5-3). You 
can try our example at home (use a light, not an x-ray) 
if it is unclear. Place a lamp 6 feet from a wall. Position 
your hand close to the lamp, and the shadow on the wall 
appears larger than the actual size of your hand, though 
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anterior–posterior posterior–anterior

X
-ray receptor

X-ray

source

X-ray

source

X
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Figure 5-1. Anterior–posterior 
and posterior–anterior chest 
x-rays.  The  designation  refers 
to the direction of passage of the 
x-ray beam through the patient to 
the receptor.
rather indistinct at its edges. Most people have used 
this trick for their amusement, making a hand appear 
as large as a head, for example. Without moving the 
lamp, move your hand closer to the wall; the resulting 
shadow becomes smaller (closer to its actual size), denser 
(darker), and sharper at its edges. We have now defined 
one of the two variables: with a light (or x-ray) source 
a fixed distance from a detector, positioning the object 
to be imaged close to the detector results in a sharper, 
truer image without false magnification. Therefore, when 
performing medical imaging, we should place the body part to 
be imaged as close to the detector as possible to achieve a sharp, 
unmagnified image. Now consider the same scenario, with 
a twist. Imagine that you cannot put your hand close to 
the wall because of furniture obstructing your path. How 
can you sharpen the image and reduce magnification? 
The answer is simple: move the lamp farther from your 
hand and the wall. Try this experiment, and you will 
find that the shadow of your hand becomes sharper and 
less magnified, truer to its actual size. Why would this 
scenario occur with medical imaging? Imagine placing 
your thorax against the wall; your ribs prevent you from 
moving your internal organs closer to the wall, although 
by facing toward or away from the wall you can posi-
tion your heart (anterior in your chest) closer to the 
wall. However, you can easily control the distance of the 
light source from the wall to reduce magnification and 
improve the image sharpness. Therefore, when performing 
medical imaging, we should position the x-ray source as far as 
possible (within reason) from the body part to be imaged, to 
improve sharpness and reduce magnification.

Magnification: Asset or Artifact?
Although magnification may sound advantageous, it 
can introduce clinically deceptive artifacts if some body 
parts are magnified to a greater degree than others. The 
most clinically accurate x-ray has no magnification. 
Why would we not want magnification? Wouldn’t mag-
nification potentially assist in identifying pathology? 
The problem again can be resolved by considering the 
shadow experiment. In medicine, we need an accurate 
estimate of the actual size of body parts and an accu-
rate measure of their size relative to one another. Con-
sider the example of the hand shadow and the shadow 
of the human head. Although it may be amusing to 
have your hand mimic a giant dog biting a head, this 
scenario of varying magnification is highly undesirable 

Figure 5-2. A shadow experiment to illustrate principles of chest 
x-ray technique.  When  the  light  source  is  a  fixed  distance  from  the 
wall, moving the hand closer to the wall results in a less magnified and 
sharper image.
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Figure 5-3. A shadow experiment 
to illustrate principles of chest 
x-ray technique.  When  the  hand 
is  a  fixed  distance  from  the  wall, 
moving  the  light  source  farther 
from the hand and wall results in a 
less magnified and sharper image.
in medical imaging. We need to know whether a mass 
has increased in size or if the heart and mediastinum 
are enlarged relative to the surrounding thoracic cavity. 
Our imaging technique must avoid false magnification, 
particularly when differential magnification of objects 
in the same image might occur.

Hopefully, we have convincingly demonstrated how the 
distances from the body part to the detector (assuming a 
fixed light source) and from the light source to the body 
part (assuming a fixed distance from body part to detec-
tor) affect the resulting images. Let’s briefly consider 
why this is the case. Figures 5-4 through 5-6 illustrate the 
effect of distance on object magnification. The angle cre-
ated between the x-ray source and an object’s edges is 
determined by the distance from the x-ray source to the 
object. The shorter the distance from the x-ray source to 
the object, the greater the angle. Greater angles lead to 

object

X
-ray receptor

X-ray
source

X-ray
source

Figure 5-4. Magnification and chest x-ray.  The degree of magnification 
is  influenced by  the distance of  the x-ray source  from the object being 
imaged. A more distant x-ray source results in a less magnified image.
greater magnification; therefore, a shorter distance from 
the x-ray source to the imaged object leads to increased 
magnification. Although increased magnification may 
appear to be a benefit, in most clinical scenarios this can 
lead to a false appearance of cardiomegaly or a widened 
mediastinum. This is particularly a problem if very short 
distances are employed, as thoracic structures nearer to 
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Figure 5-5. Magnification and chest x-ray.  The degree of magnification 
is influenced by the distance of the x-ray receptor from the object being 
imaged. A more distant x-ray receptor results in a more magnified image. 
Moving the x-ray receptor closer to the object being imaged results in a 
less magnified image.
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Figure 5-6. Chest x-ray technique 
and magnification.  An  anterior–
posterior  chest  x-ray  technique 
results  in  greater  magnification  of 
the heart. A posterior–anterior chest 
x-ray  positions  the  x-ray  source 
farther  from  the  heart,  and  the 
x-ray  receptor  closer  to  the  heart, 
resulting  in  less  magnification  of 
the cardiac silhouette relative to the 
thorax.
A B

Figure 5-7. Differences between anterior–posterior (AP) and posterior–anterior (PA) chest x-rays and upright or supine positioning.  As 
discussed  in  Figures  5-2  through  5-6,  a  PA  chest  x-ray  results  in  a  less  magnified  appearance  of  the  heart,  whereas  an  AP  x-ray  results  in  false 
magnification that can simulate or exaggerate cardiomegaly.  Upright positioning typically results in better lung expansion. Supine positioning typically 
results in poorer lung expansion and clumping of pulmonary vessels in poorly expanded lungs, with an appearance that can simulate or exaggerate the 
appearance of pulmonary edema.  Supine positioning also exaggerates the mediastinal width. A, An upright PA chest x-ray. B, A supine AP chest x-ray 
obtained a short time later in the same patient. The cardiac silhouette is enlarged in both but appears larger in B.
the x-ray source will be magnified to a greater degree 
than structures farther from the source. Positioning the 
x-ray source at a greater distance from the object to be 
imaged reduces this relative magnification, leading to a 
truer representation of the object. The AP portable exam-
ination places the x-ray source 3 feet from the patient, 
rather than the 6 feet usually used for a PA examination. 
Consequently, the AP portable chest x-ray examination 
typically has a greater degree of false magnification of the 
heart and mediastinum compared with the PA technique.

We asked earlier why the direction of the beam (AP vs. 
PA) matters to the resulting image. As we described in 
our shadow experiment earlier, sometimes we cannot 
fully control the location of objects relative to the x-ray 
detector. We cannot change the anterior location of the 
heart in the chest; however, by positioning the detector 
on the anterior aspect of the chest, we bring the heart and 
the detector closer together, reducing magnification of the 
heart. Consequently, the PA x-ray technique results in less 
magnification of anterior structures compared with the 
AP technique. Remember this when viewing AP portable 
chest x-rays, which are more prone to false appearance of 
cardiomegaly or mediastinal widening (Figure 5-7).

Patient Positioning for Chest X-ray: Supine Versus 
Upright Technique
Now let’s also consider the differences among a true 
upright, a supine, and an intermediate lordotic x-ray 
(Table 5-4). Although occasionally other positions of the 
patient are desirable in specific clinical scenarios, for 
most applications, a perfectly upright patient position 
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is desirable during chest x-ray acquisition. When the 
patient is positioned perfectly upright and perpendicu-
lar to the direction of the x-ray source, thoracic struc-
tures are positioned equal distances from the x-ray 
source, ensuring equal magnification on the resulting 
x-ray image. In comparison, if the patient is positioned 
in a lordotic position with the upper and lower thorax at 
different distances from the x-ray source, the magnifica-
tion of superior thoracic structures will differ from that 
of the lower thoracic structures.

When the patient is positioned in a fully upright posi-
tion, fluid within structures of the chest will generally 
reside due to gravity in a dependent position, forming 
fluid levels. In comparison, if the patient is positioned 
supine, the horizontal plane in which fluid will spread is 

TABLE 5-4.  Artifacts of Supine Chest X-ray 
Technique That Can Lead to 
Misdiagnosis

Supine Chest X-ray 
Finding Possible Misdiagnosis
Heart appears large Simulates cardiomegaly

Mediastinum appears  
wide

Simulates aortic or mediastinal 
abnormality

Increased vascular  
markings in upper 
lung zones

Simulates pulmonary edema

Poor inspiration Simulates pulmonary edema 
and may hide small nodules

Layering of fluid in  
plane of x-ray  
detector

May prevent recognition of 
pleural fluid

Distribution of air to  
anterior chest and 
abdomen

May prevent recognition  
of pneumoperitoneum or 
pneumothorax
parallel to the x-ray film or detector beneath the patient, 
and no fluid levels will be seen. (see Chapter 6, Figure 
6-2). The resulting appearance may be a diffuse increase 
in the density of the entire affected thorax, sometimes 
called a “veiling opacity.” This may be mistaken for an 
increased parenchymal density, rather than being recog-
nized as a broadly layered pleural effusion.

Pleural fluid and fluid within collections such as lung 
abscesses typically are not visible on an image obtained 
with a supine patient but are visible on an image 
obtained with an upright position. In a patient posi-
tioned upright, the upper surface of fluid within the 
potential pleural space usually forms a curved line, 
higher along the lateral chest wall than at its intersection 
with the mediastinum. This appearance is termed the 
meniscus sign (Figures 5-8 and 5-9). In contrast, fluid 
within an air-filled cavity usually forms a straight hori-
zontal line without a lateral meniscus. Examples include 
fluid within an air-filled abscess cavity or fluid within a 
hemopneumothorax (Figure 5-10; see also Figure 5-8).

In an upright patient, air within the peritoneal cavity 
collects beneath the diaphragm, making it visible on 
x-ray because of the contrast between the density of air 
and diaphragmatic soft tissue. (Figures 5-11 through 
5-14). In a supine patient, air within the peritoneal cav-
ity may collect in the midline anterior abdomen rather 
than in a subdiaphragmatic position and in addition 
will spread in the same horizontal plane as the x-ray 
detector beneath the patient, preventing the air from 
being visible. An x-ray obtained with an upright patient 
position is therefore more sensitive for detection of 
pneumoperitoneum.

Another advantage of the upright chest x-ray is that the 
patient typically is able to accomplish a greater degree 
of inspiration. With greater inspiration, blood vessels 
A B

pleural fluid forms a curved meniscus
where it meets the lateral chest wall

when air is also present, pleural
fluid forms a straight horizontal
line without a meniscus

lung abscess
with air and

fluid, no
meniscus

Figure 5-8. The meniscus sign. 
A, On an upright chest x-ray, fluid 
in the pleural space typically layers 
with  gravity,  forming  a  dependent 
collection.  The  upper  surface  of 
that collection usually forms a curve 
that is higher along the lateral chest 
wall  than  at  its  intersection  with 
the mediastinum. This  appearance 
is  called  the  meniscus  sign.  B,  In 
contrast,  fluid  within  an  air-filled 
cavity  does  not  usually  form  a 
prominent  meniscus  and  has  a 
straight,  hori zontal  upper  surface. 
Examples  in clude  fluid  within  a 
pneumothorax  and  fluid  within  a 
lung abscess.
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become more widely spaced, allowing other abnor-
malities to be recognized. Radiologists have sometimes 
compared this with seeing a bird in a tree, which is 
more easily accomplished in a tree with widely spaced 
branches. Small lung masses can be more easily seen as 
a result. A well-expanded chest on an upright view also 

gives a truer estimate of the heart size. Rarely, a chest 
x-ray obtained at end-expiration provides diagnostic 
benefits, which we will review later.

In comparison, a supine chest x-ray is usually character-
ized by higher diaphragms, with poorer lung expansion 

A

pleural fluid
blunts
costophrenic
angle

pleural fluid blunts
costophrenic angle

and forms
meniscus

B

fluid in major
fissure

pleural fluid
blunts

posterior
diaphragmatic

recess and
reverses the

normal
diaphragmatic

curve

expected
normal
diaphragmatic
curve

Figure 5-9. Pleural effusions: 
Posterior–anterior (PA) and lateral 
upright views.  A,  A  PA  upright 
view,  where  a  pleural  effusion  is 
most  evident  on  this  patient’s  left 
side.  Both  costophrenic  angles  are 
blunted. The pleural effusion forms 
a  meniscus  against  the  left  lateral 
chest  wall.  B,  The  lateral  upright 
view shows two meniscus densities, 
suggesting bilateral pleural effusions. 
The  posterior  diaphragmatic  recess 
is  filled  with  pleural  fluid,  which 
forms a meniscus with the posterior 
chest wall. Compare with Figure 5-8 
and 5-10.
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Figure 5-10. Pleural effusion with air–fluid level.  A, Posterior-anterior (PA) upright x-ray. B, Lateral upright x-ray. This patient has a large fluid 
collection in the right pleural space following a pneumonectomy. The appearance is somewhat different from that of even a large typical pleural effusion 
because of the absence of a lung and the presence of air in the pleural space. Normally, an effusion collecting in the pleural space forms a meniscus with 
the lung margin, coming to a “beak” or sharp point along the lateral chest wall. No air–fluid level is seen in a typical pleural effusion, because the pleural 
space is a potential space that contains no air. An exception would be a hemopneumothorax, where blood and air would coexist in the pleural space. An 
air–fluid level might also be seen in an empyema, if gas-forming organisms are present. In this case, air was introduced into the pleural space during the 
pneumonectomy, and reactive pleural fluid has accumulated. The x-ray alone cannot rule out infection.  A, Look carefully in the apex of the right thorax 
and note the absence of lung markings. Also note the absence of the right main bronchus, which has been surgically removed. Its silhouette is missing, 
whereas that of the left main bronchus remains. Another possible cause of an absent bronchus silhouette would be a bronchus filled with fluid or tumor, 
which are both of water density. Compare with Figure 5-8 and 5-9.
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Figure 5-11. Free air (pneumoperitoneum).  Free  air  (pneumoperitoneum)  can  be  recognized  on  upright  chest  x-ray.  This  finding  relies  on  the 
silhouette sign described later in this chapter (see Figure 5-26): air density is readily seen when in direct contact with water (soft-tissue) density.  A, 
The normal appearance of the upright chest x-ray in the absence of pneumoperitoneum.  B, The appearance of the upright chest x-ray in the presence 
of pneumoperitoneum.  On an upright chest x-ray, normally the inferior surface of the right diaphragm is not seen, as the liver (water or soft-tissue 
density) is in direct contact with the inferior border of the diaphragm (also water density). When air is present within the peritoneal cavity, it may collect 
inferior to the right diaphragm, superior to the liver. This air may be recognized as a black line or collection, making the inferior border of the diaphragm 
visible.  On the patient’s left side, the normal gastric air bubble can simulate intraperitoneal air, as it is normal for the stomach to contain air. Fortunately, 
usually the gastric wall and adjacent diaphragm are thicker than the diaphragm alone would be, allowing the normal gastric bubble to be distinguished 
from subdiaphragmic pneumoperitoneum.  In some cases, pneumoperitoneum may extend beneath the central diaphragm, in which case the inferior 
border of the heart may be partially visible. Normally, the heart, diaphragm, and liver are in contact, with no visible line separating them. Compare with 
Figures 5-12 through 5-14.
BA

Figure 5-12. Free air.  Pneumoperitoneum is a critical finding requiring recognition on chest x-ray. Occasionally, it may be an unanticipated finding 
on chest x-ray in a patient who cannot provide an adequate history. Remember that normally the inferior surface of the diaphragm cannot be seen, as 
it is contiguous with a solid organ sharing the same water density on chest x-ray: the liver on the right, the spleen on the left. On the left, the interior 
surface of the stomach may be shown in relief by air within it. It may be difficult to distinguish this inner surface of the stomach from the inferior surface 
of the diaphragm, although the diaphragm alone should be thinner than the combined thickness of diaphragm and stomach. Within the abdomen, the 
external surface of the bowel wall should not be seen, again because of its contiguity with other soft-tissue structures. Air within the bowel is readily 
seen and makes the internal surface of the bowel wall quite apparent. When pneumoperitoneum exists, the external surface of the bowel can be seen. A 
normal finding that may simulate this is the presence of two adjacent loops of bowel with their walls abutting. In this case, the internal surface of both 
walls may be seen, and it may appear that air is present on both sides of the wall of a single loop. In A (upright PA x-ray) and B (upright lateral x-ray), 
copious free air is present. A, Both diaphragms are outlined, and several bowel loops can be seen with air on both sides of their walls. B, The lateral x-ray 
also demonstrates this finding. Compare with the CT from the same patient in Figure 5-13.
and clumping of pulmonary vessels. In addition, blood 
flow to the upper lung is relatively increased by grav-
ity, and the heart appears larger than on an upright 
x-ray. This is due to the portable AP technique but also 
because of the relatively unexpanded chest, which 
makes the heart appear comparatively larger. In combi-
nation, these findings may mimic CHF (see Figure 5-7).

Supine and semilordotic views are often obtained in 
emergency department patients not by design but 
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Figure 5-13. Free air, abdominal CT.  Same patient as in Figure 5-12. A and B are shown on lung windows to highlight the contrast between air and 
other soft tissues. In these axial CT images, free air is seen outlining loops of bowel. Note how both sides of the bowel wall are clearly visible when 
contrasted with air. B, Notice that where a loop of bowel abuts the anterior abdominal wall, only the internal surface of the bowel wall is visible. This 
is because the bowel wall and the abdominal wall share the same soft-tissue density. On CT, air may accumulate along the anterior abdominal wall, as 
this is the highest point in the abdomen when the patient lies supine for CT. In contrast, in an upright patient undergoing chest x-ray, air accumulates 
under the diaphragm. Air is an outstanding contrast agent because of its much lower density than abdominal tissues, so no administered contrast agents 
are required to detect it.
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Figure 5-14. Free air.  This  patient 
presented with epigastric pain and has 
dramatic free air (pneumoperitoneum) 
visible under the right diaphragm on 
this  upright  chest  x-ray.  The  inferior 
surface  of  the  diaphragm  is  readily 
visible  because  of  air  separating  it 
from  the  liver.  Normally,  these  two 
structures  are  indistinguishable.  In 
a  more  subtle  case,  the  only  clue 
to  free air might be a  thin black  line 
separating  the  diaphragm  and  liver. 
On  a  supine  x-ray,  air  might  not 
collect in a subdiaphragmatic position 
and might not be visible. This patient 
was found to have a perforated gastric 
ulcer at laparotomy.
because patient condition prohibits the desired tech-
nique. Trauma patients, unstable medical patients, and 
intoxicated or neurologically disabled patients are just a 
few examples of patients who often undergo imaging in 
supine or semilordotic positions because of their inabil-
ity to be positioned upright. The emergency physician 
must be aware of the limitations of these examinations 
and should recognize the patient position when inter-
preting the resulting images.
Lordotic and decubitus positions are sometimes 
obtained intentionally for specific diagnostic purposes, 
described later under “Additional Chest X-ray Views.”

Normal Appearance of a Chest X-ray
Recognizing pathology requires a strong familiarity 
with the normal appearance of the chest x-ray. Classic 
abnormalities are often recognized by their distinct dif-
ferences from the normal chest x-ray appearance. More 
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subtle abnormalities may be missed by an inexperienced 
observer, but an experienced reader may immediately 
recognize that the chest x-ray differs from the norm even 
before characterizing and articulating the abnormality. 
Radiologists understand that recognizing familiar pat-
terns of normal and abnormal requires constant exposure, 
much like recognizing a familiar relative. This pattern rec-
ognition approach has been dubbed the “Aunt Minnie” 
effect for this similarity. We briefly describe the appearance 
of a normal chest x-ray here. In the sections that follow, we 
present numerous examples of important pathology. Even 
with several examples of each type, you will only begin 
the exposure required to “recognize Aunt Minnie.” Make 
a habit of looking at your patients’ chest x-rays, even if the 
radiologist has already rendered an interpretation.
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Figure 5-15. The normal frontal chest x-ray.  Normal  features of  the 
posterior–anterior upright chest x-ray are demonstrated.
Frontal (Posterior–Anterior or Anterior–Posterior) Upright 
Chest X-ray View
The normal frontal upright chest x-ray (Figure 5-15) has 
the following features:
 •  The airway is midline.
 •  The bones show no fractures or lytic lesions.
 •  The cardiac silhouette occupies less than half of the 

transverse diameter of the thoracic cavity. The cardiac 
silhouette is crisp, with no adjacent pleural fluid or 
parenchymal opacities to disrupt the normal silhou-
ette. The mediastinal width is less than 8 cm, and the 
aortic knob is well defined. The normal appearance of 
the aorta is described in detail in Chapters 6 and 7.

 •  The hemidiaphragms are visible as smooth curves bilat-
erally. No air is seen beneath them; the upper surface  
is not obscured by pleural effusion or infiltrates. The cos-
tophrenic angles are not blunted by pleural effusions. 
The right diaphragm is slightly higher than the left.

 •  The lung fields are clear, without opacities to suggest 
pleural effusion, parenchymal disease such as infec-
tious infiltrate, or mass lesion. Lung vascular mark-
ings are visible to the periphery, without evidence of 
pneumothorax. Lung markings are less prominent in 
the lung apices because gravity diverts blood flow to 
the lung bases.

 •  The minor fissure is invisible or subtle in appearance, 
without significant thickening to suggest fluid accu-
mulation in this potential space.

Lateral Upright Chest X-ray View: Retrosternal Space, 
Retrocardiac Space, and the Spine Sign
The lateral chest x-ray provides important diagnostic 
information. Unfortunately, this view is usually not 
obtained when a portable x-ray examination is per-
formed—another good reason to send the patient to 
the radiology suite for imaging if the clinical condition 
permits this. The lateral view (Figure 5-16) reveals the 
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Figure 5-16. The normal appear-
ance of the lateral chest x-ray.  The 
normal  lateral  chest  x-ray  shows 
progressive  lucency  (darkening)  of 
the thoracic spine as it approaches 
the diaphragm. This normal finding 
is called the “spine sign.” Failure of 
the  spine  to  become  progressively 
more  lucent  as  it  approaches  the 
diaphragm  suggests  an  overlying 
opacity  such  as  an  infectious 
infiltrate  or  pleural  effusion.  The 
retrocardiac  space  should  appear 
lucent  (dark)  as  well,  and  the 
posterior  diaphragmatic  recess  is 
dark  and  deep.  The  retrosternal 
space  should  be  lucent  (dark).  A, 
A  schematic  representation.  B,  A 
patient  with  a  normal  spine  sign 
and  retrosternal  and  retrocardiac 
spaces.



retrosternal space, which overlies the heart and medi-
astinum on a frontal projection. This space is usually 
quite lucent (black) because of the presence of a low-
density epicardial fat pad and sometimes lung seg-
ments—but when occupied by a soft-tissue mass, this 
space may appear radiodense (white) (Figure 5-17). 
The lateral chest x-ray also reveals the retrocardiac 
space. This space normally should be quite lucent 
(black) (see Figure 5-16). Lower lobe pneumonias may 
be evident on the lateral view as an abnormally dense 
retrocardiac region (Figure 5-18). On the lateral view, 
the diaphragms usually form smooth curves descend-
ing from anterior to posterior. The space above the 
diaphragms is usually lucent (black), as it contains 
low-density lung tissue. Pleural effusions may be 
evident on lateral view as dense (white) layering 
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opacities replacing the normal curve of the diaphragm 
in this space (see Figure 5-9). Sometimes pleural effu-
sions form a meniscus against the posterior wall of 
the thorax, actually reversing the normal curve of the 
diaphragm. In addition, air beneath the diaphragm 
(pneumoperitoneum) may be visible on the lateral 
view (see Figure 5-14).

The thoracic spine also is visible on a lateral chest x-ray. 
The normal appearance of the spine is a gradually 
more lucent (blacker) appearance moving from cepha-
lad to caudad (see Figure 5-16). This is not a result of 
decreasing spinal density but rather is a normal artifact 
of the examination technique. When this progressively 
more lucent appearance is lost, it implies the presence 
of an abnormal density in the retrocardiac space. This 
BA

retrosternal space is
abnormally dense
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Figure 5-17. Abnormal retroster-
nal space, suggesting anterior 
mediastinal mass.  The  abnormal 
lateral chest x-ray shows loss of the 
normal  lucent  retrosternal  space. 
This  abnormality  is  easily  missed 
but  indicates  soft-tissue  density 
in  the  anterior  mediastinum.  The 
differential  diagnosis  includes 
the  five  terrible  Ts:  thyroid  mass 
(goiter  or  malignancy),  thymoma, 
teratoma,  “terrible”  lymphoma, 
and  thoracic  aortic  aneurysm.  A, 
A  schematic  representation.  B,  A 
patient with a  retrosternal density, 
suggesting  anterior  mediastinal 
mass.
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Figure 5-18. The spine sign.  The 
abnormal  lateral  chest  x-ray  shows 
loss of the normal progressive lucency 
of the thoracic spine as it approaches 
the diaphragm, called the spine sign. 
In  addition,  the  retrocardiac  space 
may  be  less  lucent  than  normal, 
and  the  posterior  diaphragmatic 
recess  may  appear  shallow  or  less 
lucent than usual,  indicating pleural 
effusion or infiltrate.  A, A schematic 
representation.  B,  A  patient  with  a 
retrocardiac  infiltrate,  illustrating  a 
pathologic spine sign.



202 DIAGNOSTIC IMAGING FOR THE EMERGENCY PHYSICIAN
A B

pleural fluid
blunts
costophrenic
angle

density layers with
gravity, proving it
to be mobile
pleural fluid

Figure 5-19. Lateral decubitus x-rays and pleural effusions.  A  density  seen  on  an  upright  chest  x-ray  can  be  pleural  fluid,  atelectasis,  or  a 
parenchymal opacity. When these conditions cannot be differ entiated on the upright view, a lateral decubitus x-ray can some times prove the opacity 
to be mobile pleural fluid, which layers with gravity. A parenchymal opacity, atelectatic lung segment, or loculated pleural fluid maintains its position 
and does not layer with gravity on a lateral decubitus view. A, Schematic upright chest x-ray. B, Schematic right lateral decubitus x-ray, showing mobile 
pleural fluid layering in a dependent position.
is called the spine sign and is a pathologic abnormal-
ity that can be a clue to disease. Remember that the 
increasing density has a differential diagnosis, includ-
ing infectious infiltrate, pulmonary edema, pleural effu-
sion, mass, and atelectasis. Other radiographic findings 
and the patient’s clinical presentation must be used to 
sort through this differential diagnosis, and additional 
imaging may be necessary. Nonetheless, this finding can 
confirm a pneumonia not seen on the frontal projection 
x-ray. The lateral x-ray is often neglected but is a key 
additional view that should be obtained whenever pos-
sible and carefully reviewed.

Additional Chest X-ray Views
Early radiologists became extremely skilled at deducing 
clinically relevant information from additional chest 
x-ray views. The advent of cross-sectional imaging with 
CT scan has made some of these views less common, as 
CT imaging is able to determine the three-dimensional 
location of objects with high accuracy. However, in 
some cases, the detailed information provided by CT is 
unnecessary, and more limited information from x-ray 
may be sufficient for clinical action such as draining 
a pleural effusion. Although CT could be used in this 
scenario, the radiation dose from CT is approximately 
500 times that of a single additional chest radiograph, 
and the cost is approximately 10 times higher. In addi-
tion, for chest angiography protocols, chest CT requires 
IV contrast administration, with risks of allergy or 
contrast nephropathy. X-ray avoids these issues. On 
an individual basis, the emergency physician should 
consider the information needed for clinical decision-
making. If it is obvious that CT will be required for 
specific information, such as evaluation of pulmonary 
embolism or aortic pathology, additional x-rays should 
generally not be obtained. However, if the information 
required can be provided by radiographs, these are a 
better choice for reasons of cost, radiation, and contrast 
exposure.

Lateral Decubitus Views. Lateral decubitus views 
allow assessment of radiographically visible mobile 
fluid collections and foreign bodies, as well as infer-
ences about the presence of radiographically invisible 
foreign bodies. In a lateral decubitus view, the patient is 
positioned with one side of the thorax (right or left) in a 
dependent position (Figures 5-19 and 5-20). The view is 
labeled based on the side of the chest that is dependent. 
Thus an x-ray obtained with the patient positioned with 
the left side of the thorax in a dependent position is a 
“left lateral decubitus” view. Usually, an x-ray is then 
obtained using an AP projection, as described earlier.

Decubitus views can be useful in the following scenarios:
 •  Differentiation of parenchymal consolidation from pleural 

effusion. When opacities are visible on an upright or 
supine frontal projection (PA or AP), a lateral decubi-
tus view can differentiate parenchymal consolidation 
from pleural effusion. A parenchymal opacity will 
not change in position relative to the patient when 
the patient is moved to a lateral decubitus position. 
A pleural fluid collection will layer with gravity if it 
is not loculated. (see Figures 5-19 and 5-20). Alter-
native means of differentiating these two entities 
include ultrasound, which readily identifies fluid as 
a hypoechoic collection, and CT.

 •  Identification of loculated versus freely mobile pleural fluid 
collections. When pleural fluid is seen on standard 



radiographic views, decubitus views can reveal 
mobile collections which will maintain their position 
relative to the patient. Ultrasound and CT can also 
differentiate these.

 •  Identification of mobile radiopaque foreign bodies. In some 
cases, the location of a visible foreign body may be 
further delineated by repositioning the patient. Air-
way foreign bodies may shift from the midline, while 
foreign bodies within the esophagus will remain mid-
line despite dependent positioning.

 •  Identification of radiolucent (invisible) foreign bodies. 
Some aspirated foreign bodies such as peanuts or 
plastic are too low in density to be visible on stan-
dard radiographs. Their presence can sometimes be 
deduced from their effect on pulmonary inflation. A 
foreign body lodged in an airway can occlude the air-
way in a ball-valve fashion, trapping air within a lung 
segment and causing relative hyperinflation. Nor-
mally, when a patient is placed in a lateral decubitus 
position, the dependent lung appears hypoinflated 
because of the weight of other thoracic structures 
resting upon it. In the case of an obstructing airway, 
foreign body, air trapped within a lung segment will 
make the affected lung remain fully inflated despite 
lateral decubitus positioning. Of course, a foreign 
body that does not create a ball-valve effect would 
not be detected by this method.

pleural
effusion layers
with gravity

Figure 5-20. Lateral decubitus x-rays and pleural effusions.  Same 
patient as in Figure 5-9. In this patient with a pleural effusion, a decubitus 
view  reveals  the  effusion  to  be  mobile.  A  right  lateral  decubitus  view 
(right  side  down)  shows  fluid  to  layer  with  gravity  in  the  right  chest, 
emphasizing  the  quantity  and  mobility  of  the  right  pleural  fluid.  If 
the  density  seen  on  the  posterior–anterior  upright  x-ray  had  been  a 
parenchymal infiltrate, atelectasis, or a loculated pleural effusion, it would 
not have moved with this change in the patient’s position. Compare with 
Figure 5-9 and Figure 5-19, A and B.
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 •  Identification of a pneumothorax in a patient who cannot 
tolerate an upright position. Remember that a pneumo-
thorax may not be visible on a supine x-ray, because 
air will collect in the anterior chest rather than near 
the thoracic inlet or lung apices. The patient should 
be placed in a decubitus position opposite to the side 
of the suspected pneumothorax (hemithorax with the 
suspected pneumothorax should be higher), allowing 
air within the pleural space to rise to the lateral chest 
wall. As a consequence, the pleural line and absence 
of lung markings typical of pneumothorax may then 
be more visible.

Lordotic Views. In a lordotic view, the patient is posi-
tioned in a semiupright position relative to the x-ray 
source. The resulting image provides more detail of upper 
thoracic structures by altering the position of upper ribs 
and clavicles relative to the upper lung. Normally, these 
bony structures obstruct the view of the upper lung; 
a lordotic position can allow assessment of upper lung 
masses, infiltrates, or apical abnormalities such as pneu-
mothoraces. The ribs appear more horizontal on a lordotic 
view. Although lordotic positioning is sometimes used 
for intentional diagnostic benefit, often lordotic position-
ing is an undesired effect in an emergency department 
patient undergoing an AP portable chest x-ray. Artifacts 
of this technique include magnification of the heart and 
mediastinum, simulating cardiomegaly, mediastinal 
mass, or aortic aneurysm. In addition, lordotic position-
ing may increase the amount of soft tissue projected over 
the lower abdomen, resulting in increased apparent opac-
ity at the lung bases. This may be mistaken for basilar 
infectious infiltrates, atelectasis, or pulmonary edema.

Oblique Views. Oblique views, though rarely used in 
the emergency department, use parallax to identify the 
location of objects or structures within the lung. Two 
structures that overlie each other on lateral or frontal pro-
jection views can be distinguished by an oblique view. 
More often in the emergency department, an oblique 
view is inadvertently obtained because of rotation of 
the patient. This commonly occurs when AP x-rays are 
obtained in patients with kyphosis, contractures, or neu-
rologic deficits. Rotated or oblique views can introduce 
a number of artifacts. Among them, the mediastinum 
often appears artifactually widened, and the heart and 
mediastinum may appear shifted (Figure 5-21). Opaci-
ties in the lung bases may be hidden if the cardiac sil-
houette is projected over them because of rotation.

Phase of Respiration: Inspiratory and Expira-
tory Views. Normally, a chest x-ray is obtained at full 
inspiration, although in many cases patients may fail to 
inspire deeply because of chest pain or may be unable 
to hold their breath in this position because of dys-
pnea. The chest x-ray captures a frozen, static moment 
in time, but thoracic structures are actually in motion 
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Figure 5-21. Rotation.  A  good-
quality  chest  x-ray  should  be 
obtained in a true frontal projection 
(A),  free  of  rotation.  An  oblique 
film  alters  the  apparent  width  and 
position of the mediastinum. Assess 
for this by checking the position of 
the  clavicular  heads,  which  should 
be  symmetrically  arrayed  about 
the midline. Rotation of the patient 
shifts  the  position  of  the  clavicular 
heads.  Notice  how  the  three-
dimensional  figures  in  the  upper 
part  of  this  diagram  appear  when 
rotated  and  then  projected  in  two 
dimensions,  as  happens  in  a  chest 
x-ray.  The  “heart”  (ellipse)  appears 
wider in the rotated views (B and C).
with patient respiration and cardiac activity. The appar-
ent density of lung tissue varies with the phase of res-
piration. At end-expiration, lung volumes are very low, 
the diaphragms appear high, and lung tissue appears 
dense (whiter). Blood vessels in the lungs appear 
crowded together, contributing to the apparent density 
of lung tissue. If the phase of respiration is not consid-
ered, this appearance may be mistaken for pulmonary 
edema. In contrast, a chest x-ray obtained at end-inspi-
ration shows well-inflated lungs, diaphragms that have 
descended fully, and widely spaced pulmonary vessels. 
Lung parenchyma under these conditions appears less 
dense. A clue to the phase of respiration is the number 
of ribs visible. A rule of thumb is that the diaphragm 
should lie at the level of the posterior 8th to 10th rib for 
an adequate respiratory effort in a good-quality chest 
x-ray. Abnormally dense lung parenchyma such as seen 
with pneumonia is more visible against the backdrop 
of fully inflated and lucent (black) lungs. Patients with 
COPD or asthma may have hyperexpanded lungs with 
low-density parenchyma and more than 10 ribs visible.

Occasionally, chest x-rays are intentionally obtained in 
other phases of respiration. Examples include:
 1.  Pneumothorax: An end-expiratory chest x-ray is 

sometimes used to exaggerate the appearance of a 
pneumothorax. At end-expiration, lung parenchyma 
is deflated and occupies a smaller percentage of the 
thorax. In contrast, air in the pleural space will not 
decrease in volume during expiration. As a conse-
quence, a pneumothorax will appear to occupy a 
larger percentage of the thoracic cavity.
 2.  Foreign body. Low-density foreign bodies may be dif-
ficult to see on chest x-ray. However, they may exert a 
ball-valve effect by lodging in small airways. As a con-
sequence, they may trap air within lung segments. Dur-
ing end-expiration, a normal lung will decrease in size. 
A lung with a partially obstructed bronchus due to a 
foreign body exerting a ball-valve effect may be unable 
to deflate during expiration. The abnormal lung or lung 
segment will therefore appear larger and more lucent 
than the normal side on an end-expiratory radiograph.

Chest X-ray Exposure (Penetration)
The exposure of chest x-ray is particularly critical, as the 
chest contains structures across a wide range of densities, 
from air to bone. A fully exposed x-ray film or detector 
results in a completely black image. For example, x-ray 
passes readily through air outside the patient, making 
the background around the patient appear black. Lungs 
are normally composed mostly of air, with a small den-
sity contribution from pulmonary blood vessels, and 
appear nearly black with a good exposure. A pneumo-
thorax is even less dense, like air outside of the patient, 
and appears almost completely black. Metals and bones 
prevent transmission of much x-ray to the detector with 
a normal exposure; consequently, the detector is not 
exposed and the image appears white.

From these principles, we can extrapolate that an over-
exposed chest x-ray will appear black (the entire detec-
tor is fully exposed). An underexposed chest x-ray will 
appear nearly white, as the detector is not exposed. 
Although the appearance of tissues can be adjusted 
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Figure 5-22. Assessing for artifacts: Ring outside body.  A,  Upright  posterior-anterior  (PA)  x-ray.  B,  Upright  lateral  x-ray.  This  39-year-old 
presented with shortness of breath. Chest x-ray was obtained and revealed an unexpected finding—a ring overlying the patient’s gastric air bubble. The 
patient then reported having lost her wedding ring some days prior, after removing her shirt.  Ingested foreign bodies are a frequent complaint in the 
emergency department. Plain x-rays can assist in localizing these, in identifying the ingested item, and in predicting the likelihood of passage and need 
for intervention.  When an ingested foreign body is suspected, two orthogonal views (posterior–anterior or anterior–posterior and lateral) are needed 
to localize the object.  In this case, the object was not seen on the lateral view, suggesting that it was not within the patient. On reexamination of the 
patient, the ring was found in a skin fold on the patient’s back.
(brightness and contrast) on a digital picture archiving 
and communication system (PACS) display, no amount 
of image manipulation can overcome a badly over- or 
underexposed image. For example, in a badly overex-
posed image, the entire detector is fully exposed, and 
all pixels are completely black. Adjusting the contrast 
and brightness simply makes the entire image blacker or 
whiter, without revealing tissue detail. In a badly under-
exposed image, the entire detector fails to be exposed, 
and all pixels are completely white. Adjustment of 
brightness and contrast is not useful in this case, either. 
As the exposure level is increased above an “optimal 
exposure,” lung tissue becomes “burned out” (black), 
and fine details of lung architecture, such as bulla, fis-
sures, pulmonary vascularity, and pneumothorax, are 
lost. This loss comes with a gain in the visibility of bony 
detail, as x-ray can now penetrate through less dense 
regions of bone, including fracture zones. If exposure 
is lower than an “optimal level,” detail of bone is lost, 
as no x-ray can penetrate through dense bone. At the 
same time, soft tissues become more visible, as the lower 
exposure prevents x-ray from fully exposing the detec-
tor behind them. Depending on the clinical presentation, 
overexposure- or underexposure may be intentionally 
performed to highlight either bone or soft-tissue detail.

Beware of some common scenarios in which poor expo-
sure can simulate pathology:
 •  In the obese patient, underexposure is common. The 

detector is in effect “shielded” from the x-ray beam 
by overlying soft tissues. Consequently, the entire 
image, including lung tissues, appears brighter. This 
appearance can be mistaken for pulmonary edema if 
the overall image exposure is not considered.
 •  On a frontal projection, underexposure makes retro-
cardiac structures less visible, including the left lower 
lobe, which extends behind the heart.

 •  On a frontal projection, breast tissue can increase 
attenuation of the x-ray beam in the lower lung 
zones, resulting in relative underexposure of the lung 
in these regions. Consequently, the lower lung fields 
may appear brighter white, simulating bibasilar infil-
trates, pulmonary edema, or atelectasis.

 •  In a patient with a unilateral mastectomy, an asym-
metrical appearance of the lower lung zones can lead 
to false diagnosis of unilateral basilar pneumonia. 
Pay attention to this finding to avoid misdiagnosis. 
Use other x-ray findings such as the silhouette sign 
(described later) to assess for pathology in the lower 
lung fields.

Artifacts Outside of the Patient
Opacities and lucencies on the x-ray image may not 
originate within the patient (Figures 5-22 through 5-25). 
Overlying skin folds and clothing can create lines simu-
lating pathology such as the pleural line of pneumotho-
rax. Foreign bodies may appear to lie within the patient 
but may be discerned to be outside of the patient if a lat-
eral view is obtained. Two orthogonal views are needed 
to confirm an object’s location. Whenever possible, 
extraneous external foreign bodies should be removed 
before obtaining x-ray to prevent them from obscuring 
internal anatomy or being mistaken for objects within 
the patient. Sometimes surface anatomy such as nipples 
can simulate internal pathology such as lung nodules. 
When this is in doubt, marking the surface anatomy 
with a radiopaque tag can clarify the source of the chest 
x-ray finding.



206 DIAGNOSTIC IMAGING FOR THE EMERGENCY PHYSICIAN
TISSUE DENSITIES AND CHEST X-RAY
On chest x-ray, only four basic tissue densities are pres-
ent (Box 5-1): air, fat, water (typical of both fluids and 
most solid body organs, such as liver and muscle, which 
are more than 90% water), and metal. This includes cal-
cium, which you will recall from chemistry class is actu-
ally a metal. Some texts distinguish bone from metal. 
A key principle of chest x-ray interpretation is that two 
tissues in direct physical contact with each other and 
sharing the same basic density are indistinguishable. 
For this reason, the diaphragm cannot normally be dis-
cerned from the abutting liver, because both are of water 
density. Similarly, blood (water density) cannot be seen 
within the heart (also water density). Pericardial fluid 
cannot be distinguished from myocardium, because 
both are of water density, but pericardial air can be dis-
tinguished from myocardium. A pleural effusion lying 
above the diaphragm shares the same density with the 
subjacent diaphragm and liver and cannot be directly 
distinguished.

1

2

3

position of object 2,
completely outside of
patient and not in field
of view

Figure 5-23. Assessing for artifacts: Button battery ingestion.  This 
7-year-old  child  was  “washing”  a  button  battery  in  her  mouth  in  an 
effort  to fix her electric  toy when she  reported accidentally swallowing 
the  battery.  Parents  were  uncertain  whether  any  ingestion  had 
occurred.  When an ingested foreign body is suspected, two orthogonal 
views  (PA  or  AP  and  lateral)  are  needed  to  localize  the  object.  The 
anterior–posterior (AP) supine view shown here reveals two radiopaque 
objects,  labeled  1  and  3  on  this  image.  The  lateral  view  (Figure  5-24) 
reveals  3  radiopaque  objects,  including  an  object  not  seen  on  this  AP 
image but whose position  is  labeled 2. Did  the patient  ingest multiple 
batteries? Only object 1 is projected in a consistent location overlying the 
abdomen on both AP and lateral views and is intraabdominal. The other 
two objects are external to the patient. Object 3 on the lateral view (see 
Figure 5-24) corresponds to the caudad object on the AP view. Object 2 
on the lateral view is so far lateral that it is not visible on the AP view. The 
patient underwent upper endoscopy, but the battery had moved beyond 
the pylorus and could not be  retrieved. X-rays obtained 24 hours  later 
confirmed passage of the battery.
Normal lung tissue (air density) can be distinguished 
readily from adjacent normal soft tissues (water den-
sity), because the two tissues do not share the same den-
sity. However, when normally air-filled alveoli become 
filled with water density, the border between that lung 
tissue and the adjacent heart disappears. The cause of 
the alveolar water density does not matter: pneumo-
nia, hemorrhage, and aspirated material all have the 
same effect, increasing the density of the lung from 
air to water. Consequently, if the abnormal lung abuts 
another water density structure such as the heart or dia-
phragm, the junction between the two tissues cannot be 
discerned. A little anatomy illustrates the clinical util-
ity of this fact. The right middle lobe abuts the lower 
right heart border, and the right lower lobe abuts the 
diaphragm. For this reason, a right middle lobe pneu-
monia obscures the lower right heart border, and a right 
lower lobe pneumonia obscures the diaphragm. On the 
left side, the lingula abuts the lower left heart border, 
and the left lower lobe abuts the diaphragm. Pneumo-
nias in these areas obscure the left heart border and left 
diaphragm, respectively.

Silhouette Sign
As we have just discussed, two objects with the same 
basic chest x-ray density (air, fat, water, or metal/bone) 
abutting one another cannot be distinguished. The 
corollary of this is that when two structures of differ-
ent basic density abut each other, their junction can be 
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Figure 5-24. Assessing for artifacts: Button battery ingestion.  Same 
patient  as  Figure  5-23.  The  lateral  view  shown  here  reveals  the  three 
radiopaque objects. (See also Figure 5-23.)
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discerned on x-ray. This is called the silhouette sign 
(Figure 5-26).27 Loss of the normal silhouette sign along 
the heart borders or diaphragm is an important patho-
logic finding, though it does not always signify pneu-
monia, as we explore further. Any change that causes 
the abnormal juxtaposition of two tissues of the same 
density results in loss of the silhouette sign. Examples 
include a solid lung mass adjacent to the heart, a pleu-
ral effusion adjacent to the heart or diaphragm, dense 
pulmonary edema, or atelectasis of lung adjacent to the 
heart or diaphragm, in which case the “collapse” of lung 
tissue results in it taking on a solid organ density (water 
density). Box 5-2 outlines the differential diagnosis of 
increased lung parenchymal opacity.

In other cases, the pathologic change is not the loss of 
the silhouette sign but rather the introduction of a silhou-
ette sign when one is not normally present. This occurs 
when a new, abnormal tissue density becomes inter-
posed between two adjacent tissues that share the same 
density and normally are not distinguishable. For exam-
ple, the junction between the liver and the diaphragm 
is not normally visible, as the two tissues are in direct 
physical contact and share the same density (water or 
soft-tissue density). If pneumoperitoneum develops, air 
can become interposed between the liver and the dia-
phragm, making this interface visible (see Figure 5-11). 
Air can also cause a pathologic silhouette sign when it is 
present within the pericardium (between the soft tissues 
of the heart and the pericardial sac) or in the abdomen 
when air is visible between two adjacent loops of bowel, 
making the external surface of the bowel wall visible.

Figure 5-25. Assessing for artifacts.  This  adult  male  presented  in 
cardiac arrest and was successfully resuscitated. Chest x-ray was obtained 
and shows popcorn-like densities in the neck and right axilla. Are they 
a  sign  of  a  disease  process?  Could  these  be  calcifications  in  lymph 
nodes  related  to  metastatic  disease?  No,  they  are  due  to  ice  in  bags 
placed outside the patient for postresuscitation neuroprotective cooling. 
Densities on x-ray must be considered in clinical context. Not all opacities 
are caused by pathology within the patient.
Air Bronchograms: A Manifestation of the Silhouette 
Sign
The silhouette sign can sometimes be used to distin-
guish otherwise similar-appearing chest x-ray findings. 
For example, a pleural effusion and a dense pulmonary 
infiltrate may have similar appearances on upright 
chest x-ray. Because both conditions are water density 
and both may abut the heart and mediastinum, both 
may cause loss of the normal silhouette sign. However, 
a pleural effusion appears uniformly dense, whereas a 
pulmonary alveolar infiltrate may result in the appear-
ance of a new, abnormal silhouette called an air bron-
chogram (Figure 5-27). Normally, bronchi within the 
lung parenchyma are not visible on chest x-ray. This is 
because the bronchi contain air and immediately abut 
alveoli, which also contain air. The bronchial wall itself 
is too thin to attenuate x-ray to a significant degree and 
is therefore invisible, except when it is seen end-on. In 
these cases, it may be visible as a small, circular den-
sity with a hollow, lucent (black) center. This normal 
scenario is disrupted when alveolar fluid is present—
whether that fluid is pus (pneumonia), serous fluid 
(pulmonary edema), blood (pulmonary hemorrhage), 
or lunch (aspirated food material). Under these condi-
tions, fluid-filled alveoli become visible as water density 
immediately adjacent to air-filled bronchi, and the sil-
houette of air-filled bronchi may be seen. At extremes of 
the conditions described, pus, pulmonary edema fluid, 
blood, or aspirated material may fill bronchi as well, in 
which case air bronchograms may not be seen. When 
present, air bronchograms prove alveolar opacification. When 
air bronchograms are absent, either pleural fluid or alve-
olar and bronchial fluid may be present.

Silhouette Sign and Lateral Chest X-ray
We discussed the lateral chest x-ray earlier in some detail 
in the section on x-ray technique and views. However, 
this topic is important enough to revisit in the context of 
the silhouette sign.

Retrosternal Space. The retrosternal space is invis-
ible on the frontal chest x-ray, as it lies directly anterior 
to the soft tissues of the heart and upper mediasti-
num. On the lateral x-ray, this space is normally lucent 
(black) because of the presence of aerated lung tissue 
and epicardial fat; it forms a normal silhouette against 
the soft tissues of the heart and upper mediastinum. A 

Box 5-1: Basic Tissue Densities on 
Chest X-ray

ll Air: black or dark
ll Fat: dark gray
ll Water (blood, soft tissue): bright gray
ll Metal or bone: white
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Figure 5-26. The silhouette sign.  On  chest  x-ray,  four  densities  are  visible:  air,  fat,  water  (fluid,  or  soft  tissues),  and  metal  (bone).  When  two 
immediately adjacent organs or tissues share the same density, they cannot be distinguished. In contrast, when a tissue abuts another tissue of different 
density, it is silhouetted against the other tissue density. Loss of this normal silhouette, or the development of an unexpected silhouette at the interface 
of two tissues of similar density, is called the silhouette sign and indicates a pathologic change in tissue density. Normal examples of tissues that cannot 
be distinguished because they share the same density include the diaphragm and liver and the heart and intracardiac blood. Pathologic examples of the 
silhouette sign include the liver, the diaphragm and an adjacent subpulmonic pleural effusion; or a pleural effusion adjacent to the right heart. A, Normal 
chest. B, Pathologic chest with subpulmonic pleural effusion, which obscures the diaphragm and the right heart border.
soft-tissue mass in this location abuts the soft tissues of 
the heart and mediastinum and thus is not discernible 
as a discrete structure, according to the principles of the 
silhouette sign discussed earlier. Thus loss of the normal 
lucent retrocardiac space and replacement with water 
density attenuation is evidence of an anterior medias-
tinal mass (see Figure 5-17). The differential diagnosis 
includes the five terrible “T”s (Box 5-3).

Retrocardiac Space. The normal retrocardiac space is 
lucent (black) on the lateral chest x-ray because of aerated 
lung in this location; it forms a normal silhouette with 
the soft tissues of the heart anteriorly, the diaphragm 
inferiorly, and the bones of the thoracic spine posteri-
orly. The space is hidden on the frontal projection by the 
presence of the heart. When tissue increases in density 

Box 5-2: Causes of Apparent Lung 
Parenchymal Opacity, Leading to Loss 
of Normal Silhouette Sign

Normally, the heart and diaphragm (water density) 
abut low density lung tissue (air density) and thus are 
silhouetted against it. Loss of this silhouette implies 
that lung density has been replaced by water density. 
Causes include:

Alveolar consolidation (pulmonary edema, infectious 
infiltrate, pulmonary hemorrhage, aspirated material)
Atelectasis or lobar collapse
Herniated abdominal solid organs
Pleural fluid (effusion, empyema, or hemothorax)
Solid mass pulmonary lesion
in this area, the appearance is a brighter white—a pos-
sible indication of a retrocardiac infectious infiltrate or 
other cause of increased parenchymal or pleural opacity, 
such as mass or edema. Inspection of the retrocardiac 
space on the lateral chest x-ray is therefore an important 
step in assessing the x-ray. Loss of the normal silhouette 
sign in this location, or the presence of an abnormal den-
sity, is evidence of pneumonia, mass, pulmonary edema, 
or pleural effusion (see Figures 5-16 and 5-18).

FISSURES
The major and minor fissures can provide anatomic land-
marks, revealing important disease when present (Fig-
ures 5-28 through 5-30). The fissures represent pleural 
boundaries and are actually a “sandwich” composed of 
the distinct pleura lining two adjacent pulmonary lobes 
and the potential space between. Thickening of a fissure 
on chest x-ray can be the result of thickening of the pleura 
itself, fluid accumulating in the potential space between 
the two pleural layers, or disease such as malignancy. 
The minor fissure (also called the transverse fissure) is 
usually visible as a thin horizontal line on both frontal 
(PA or AP) and lateral chest x-ray projections. It separates 
the upper and middle lobes of the right lung. The major 
fissure is not visible on the frontal chest x-ray projection. 
On the lateral projection, it is visible as a thin line run-
ning from the inferior portion of the anterior thorax to 
the superior aspect of the posterior thorax. It is actually 
composed of two fissures, superimposed on the lateral 
projection. On the left, it divides the upper and lower 
lobes of the left lung. On the right, it divides the upper 
and middle lobes from the lower lobe of the right lung.
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Figure 5-27. Air bronchograms prove the presence of air-space consolidation.  Normally,  air-filled  bronchi  are  not  visible  because  they  are 
immediately adjacent to air-filled alveoli. The bronchial wall is too thin to be visible except when seen end-on. When alveoli fill with fluid (pus, edema, 
blood, or aspirated gastric material), they may silhouette the adjacent air-filled bronchi.  A, The absence of air bronchograms is compatible with a pleural 
effusion or with both alveoli and adjacent bronchi having been filled with fluid, as may occur with massive aspiration or pulmonary hemorrhage, severe 
pneumonia, or extremes of pulmonary edema. In other words, when air bronchograms are absent in an opacified lung field, the explanation may be 
pleural fluid, infectious parenchymal infiltrate, aspiration, parenchymal hemorrhage, or pulmonary edema.  B, When air bronchograms are present, they 
prove that alveolar fluid is present and that the adjacent bronchi remain air-filled. Thus a pleural effusion does not create an air bronchogram, which is 
by definition a finding of air-space disease. A differential diagnosis remains for air-space disease, including infectious infiltrate, aspiration, hemorrhage, 
and pulmonary edema. Therefore, air bronchograms are not pathognomonic for infection.
Fissures can change rapidly in their appearance (Figures 
5-31 through 5-34). Thickening of fissures can develop or 
disappear in a matter of hours, sometimes giving clues 
to the cause. Rapidly changing fissures generally indi-
cate fluid within the fissure, rather than pleural thicken-
ing. Changes can be dramatic; fluid in the minor fissure 
can assume a rounded appearance mimicking a mass 
lesion but disappearing within days or hours. This has 
been called the “vanishing tumor” or “pseudotumor.”

CHANGES IN VOLUME AND PRESSURE 
ON CHEST X-RAY
Changes in volume and pressure can be seen on fron-
tal chest x-ray and can indicate immediately life- 
threatening pathology (Figure 5-35). Mediastinal shift 
is seen with both increased and decreased pressure and 

Box 5-3: Differential Diagnosis 
of Anterior Mediastinal Mass in 
Retrosternal Space on Lateral Chest 
X-ray

Five Terrible Ts
ll Thyroid mass (goiter or malignancy)
ll Thymoma
ll Teratoma
ll “Terrible” lymphoma
ll Thoracic aortic aneurysm
volume. Increased pressure and volume on the side 
with pathology push the mediastinum away from the 
abnormal side. Decreased pressure and volume pull the 
mediastinum toward the abnormal side. In both cases, 
tracheal deviation may be seen, in the same direction as 
the mediastinal shift.

Increased Pressure and Volume
Increased pressure and volume, as seen in a tension 
pneumothorax (Figure 5-36; see also Figure 5-35), result 
in the diaphragm on the abnormal side being pushed 
down. A tension pneumothorax on the right side may be 
notable for the right hemidiaphragm being lower than 
the left—a reversal of the normal pattern. Normally, the 
right hemidiaphragm is higher than the left because of 
the liver (right side) being larger than the spleen (left 
side) and displacing the diaphragm upward. In tension 
pneumothorax, a deep sulcus sign can be seen (see Fig-
ures 5-35 and 5-36), with the costophrenic angle on the 
affected side being deeper than on the unaffected side. 
In some extreme cases, the sulcus may be so deep that its 
inferior extent is not visible on the chest x-ray. Tension 
pneumothorax is discussed in detail in Chapter 6. We 
discuss pneumothoraces in more detail later, but natu-
rally a pneumothorax is distinguished by an absence of 
lung markings on the affected side. Purists argue that 
tension pneumothorax is a clinical diagnosis, marked 
by hypotension and shock, and never to be found on 
chest x-ray. Nonetheless, chest x-rays sometimes record 
these findings, and an emergency physician must imme-
diately recognize chest x-ray findings suggestive of ten-
sion pneumothorax and respond appropriately.



210 DIAGNOSTIC IMAGING FOR THE EMERGENCY PHYSICIAN
A B

minor
fissure

major
fissure

minor
fissure

location of
major
fissure

Figure 5-28. Fissures.  The major and minor fissures are important landmarks on chest x-ray. They represent potential spaces that can fill with fluid 
in disease states such as pulmonary edema. They are anatomic boundaries  that can bound pathologic processes such as pneumonias, masses, and 
infarctions. Deviations of the fissures from their normal positions can indicate changes in the volumes of lung segments.  The minor fissure is visible 
as  a  horizontal  line  on  both  frontal  (A)  (posterior–anterior  or  anterior–posterior)  and  lateral  (B)  projections,  as  it  lies  in  a  transverse  plane  that  is 
perpendicular to both chest x-ray projections.  The major fissure is invisible on the frontal projection, as it lies in a plane oblique to that projection. It is 
visible on the lateral projection, as it lies perpendicular to this projection.  In many normal cases, the major and minor fissures may be subtle or invisible.
A
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B
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Figure 5-29. Visible minor fissure.  This patient has a visible minor fissure (also called a transverse fissure), the horizontal fissure separating the upper 
and middle lobes of the right lung. Because it is perpendicular to the coronal plane and to the sagittal plane, the minor fissure is often visible on both 
the frontal chest x-ray (A) (whether posterior–anterior as in this case or anterior–posterior) and on the lateral chest x-ray (B). When the fissure contains 
fluid or is thickened by pleural abnormalities, is appears as a thin horizontal line on the frontal chest x-ray and as a horizontal line curving inferiorly and 
posteriorly on the lateral x-ray. Why should an emergency physician care about the minor fissure? This is a landmark that can hint at other pathology. 
Movement of the minor fissure away from its normal position suggests lobar collapse—the fissure moves toward the collapsing lobe as volume is lost. 
In addition, infiltrates, pulmonary infarcts, and sometimes tumors abruptly stop above or below this fissure. Sometimes a large amount of fluid in the 
fissure may simulate a mass. During the remainder of this chapter, we give examples of abnormalities expressed through changes in the minor fissure. 
Compare with Figure 5-28.
Decreased Pressure and Volume
Decreased pressure and volume (see Figure 5-35) may 
result in the diaphragm appearing higher than usual—
because of the absence of aerated lung pushing it down 
into its normal position. In addition, the normal posi-
tion of the minor fissure may be changed on the fron-
tal x-ray. The minor fissure is usually visible as a thin 
horizontal line roughly at the midpoint of the cepha-
lad–caudad diameter of the thorax. When upper lobe 
collapse occurs, the minor fissure is elevated, whereas 
lower lobe collapse may result in the minor fissure 
assuming a lower-than-normal position. Think of lobar 
collapse as resulting in an accordion-like compression 
of the involved lung segment, with the minor fissure 
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A

minor
fissure

B

minor
fissure

major
fissure

Figure 5-30. Prominent fissures.  The major fissure  is not visible on the frontal chest x-ray, as  it  lies  in an oblique plane from anterior–inferior to 
posterior–superior. On the lateral chest x-ray, the major fissure is visible as a diagonal line from the anterior diaphragm to the posterior midthoracic 
spine. Like the minor fissure, the major fissure is not itself a sign of pathology, but knowing its usual appearance can help the emergency physician to 
recognize pathology impinging on the major fissure. In this patient, the minor and major fissures are visible on the lateral chest x-ray (B). The minor 
fissure is faintly visible on the frontal chest x-ray (A). Notice how the major fissure is not seen on the frontal x-ray because of its orientation. Compare 
with Figure 5-28.
BA

Figure 5-31. Fissures come and 
fissures go.  In  a  normal  patient, 
the minor and major fissures can be 
extremely  subtle  or  even  invisible. 
With  the  development  of  pleural 
fluid from any cause, the fissures can 
change  dramatically  in  appearance 
in a short time frame. Consider this 
patient  with  heart  failure.  A  and 
B,  The  patient  has  nearly  invisible 
minor  and  major  fissures.  Follow 
the  appearance  of  the  fissures  in 
the next three figures (Figures 5-32 
through 5-34).
following in the direction of collapse and volume loss. 
In addition, the collapsed lobe may be visible as an 
increased density. If the collapsed lobe abuts the heart, 
abnormal loss of the silhouette sign may occur. Com-
mon scenarios leading to lobar collapse include basi-
lar atelectasis (Figure 5-37), bronchial mucus plugging 
(Figure 5-38), iatrogenic right main bronchus intubation 
(Figure 5-39), obstructing endobronchial lesion (e.g., 
carcinoma), and extrinsic compression of a bronchus 
from a mass lesion. Patients who have undergone pneu-
monectomy also have significant volume loss (Figures 
5-40 and 5-41).
SPECIFIC PATHOLOGIC DIAGNOSES
So far, we have reviewed many key principles of chest 
x-ray interpretation, with little discussion of the specific 
radiographic appearance of any acute pathology. With 
these basic principles in mind, we now discuss key find-
ings of common and serious emergency medical condi-
tions. The remainder of this chapter includes nearly 200 
cases of key emergency diagnoses, with case descrip-
tions and annotated figures displaying radiographic 
findings. To guide you through these figures, we have 
summarized the content of figures (Table 5-5).



212 DIAGNOSTIC IMAGING FOR THE EMERGENCY PHYSICIAN
A

fluid in minor
fissure

B

fluid in minor
fissure

fluid in major
fissure

Figure 5-32. Fissures come and 
fissures go.  Same patient as Figure 
5-31,  now,  with  worsened  heart 
failure.  The  fluid  in  the  minor  and 
major fissures is prominent, marking 
the  locations  of  the  previously 
invisible fissures. Also compare with 
Figures 5-33 and 5-34.
A

fluid in minor
fissure has
taken
rounded
mass-like
appearance

B

fluid in minor
fissure with
rounded,
mass-like
appearance

fluid in major fissure
with rounded, mass-

like appearance

Figure 5-33. Fissures come and 
fissures go.  Same  patient  as  in 
Figures  5-31  and  5-32,  now  with 
progressively  worsening  heart 
failure.  The  fluid  in  the  minor 
and  major  fissures  is  prominent 
and  rounded,  with  a  masslike 
appearance.  Without  prior  and 
future  chest  x-rays  to  monitor  the 
appearance,  a  mass  cannot  be 
excluded. Rapidly  resolving fluid  in 
the  major  and  minor  fissures  has 
sometimes been termed “vanishing 
tumor”  or  “pseudotumor”  because 
of this remarkable ability to simulate 
a  mass  lesion.  Compare  also  with 
Figure 5-34.
Findings of Common and Serious Emergency 
Pathology
Asthma and Chronic Obstructive Pulmonary Disease
Both asthma and COPD (Figures 5-42 and 5-43) are dis-
ease processes characterized by air trapping and lung 
hyperinflation. Consequently, they often share the find-
ings of flattened diaphragms (because of hyperinflated 
lungs pushing the diaphragms down) and increased 
lung volumes, AP chest diameter, and retrosternal space. 
The lateral view is useful for assessment of the latter 
findings and may show the diaphragms to be flattened 
to a greater extent than was visible on the frontal projec-
tion. On the frontal view, the heart may appear small 
because of the hyperinflated lung fields. In patients with 
COPD, bullae (also called blebs) may develop (Figures 
5-44 through 5-48). These regions are devoid of lung 
markings and must be carefully distinguished from 
pneumothorax, as large peripheral bullae can have a 
similar appearance. Bullae can displace normal pulmo-
nary blood vessels, sometimes crowding these vessels 
together. Patients with COPD and asthma can suffer 
barotrauma—spontaneously or because of mechanical 
ventilation. The chest x-ray should be inspected care-
fully for pneumothorax and pneumopericardium.

Other Forms of Chronic Lung Disease
Chronic lung diseases such as cystic fibrosis (Figure 
5-49), idiopathic pulmonary fibrosis (Figure 5-50), and 
chronic injuries from smoke inhalation (Figure 5-51) 
have a similar appearance on chest x-ray. Dense inter-
stitial markings may be seen, and air space disease may 
be chronically present. Bullae such as those seen in 
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A

fluid in minor
fissure has
nearly
resolved

B

fluid in minor
fissure now
visible only
as faint
horizontal
line

fluid in major fissure
now visible only as
faint diagonal line

Figure 5-34. Fissures come and 
fissures go.  Same  patient  as  in 
Figures  5-31  through  5-33,  now 
after  treatment  for  heart  failure. 
The  fluid  in  the  minor  and  major 
fissures,  which  had  previously 
assumed  a  rounded,  masslike 
appearance,  is  nearly  gone,  in 
keeping  with  the  term  “vanishing 
tumor.”
COPD may be present. Often, the appearance is quite 
abnormal, and comparison with prior chest x-rays is 
essential to distinguish new opacities suggesting acute 
infection from chronic disease. These diseases serve as 
an important reminder that chest x-ray findings should 
not be assumed to be acute and to explain new symp-
toms. Comparison with prior x-rays should always be 
performed when possible (Figure 5-52).

Pneumonia
Pneumonia can follow several common patterns on 
chest x-ray. First, air space opacification may be pres-
ent, if alveolar fluid and cellular debris develops. This 
pattern is common in patients with “typical” bacterial 
infections such as Streptococcus pneumoniae. Air bron-
chograms (Figures 5-53 and 5-54; see also Figure 5-27) 
may be present, as described in earlier sections. Often, 
the increased density of lung parenchyma obscures the 
margins of adjacent solid organs such as the heart or 
diaphragm, resulting in a pathologic loss of the silhou-
ette sign as described earlier. On a frontal projection, 
a right middle lobe pneumonia obscures the lower 
right heart border, and a right lower lobe pneumonia 
obscures the right diaphragm. A left lower lobe pneu-
monia obscures the left diaphragm, and an infiltrate in 
the lingula obscures the left heart border (remember 
that the left lung does not have a middle lobe). Upper 
lobe pneumonias may obscure the borders of the upper 
heart and mediastinum. On the lateral view, a patho-
logic spine sign (described earlier) may be seen, with 
increased density in the retrocardiac space and overly-
ing the lower thoracic spine. A pleural effusion may 
be present with pneumonia. If infection is confined to 
a lobe, the increased density may extend to, but not 
beyond, a fissure (described earlier) on the frontal or 
lateral views. Volume loss (described earlier) may 
occur if mucous plugging is present, with resulting 
findings including deviation of fissures, elevation of 
the diaphragm, or mediastinal and tracheal shift. Fig-
ures 5-55 through 5-85 depict pneumonias with air 
space disease in patients of varying ages, and with 
varying lung regions involved. Pneumonia remains 
a key diagnosis because of its mortality in patients at 
extremes of age. The appearance can be highly vari-
able, and chest x-ray is not always diagnostic. Review 
the figures to gain perspective on the potential appear-
ance of infiltrates.

A second common pattern of pneumonia is an inter-
stitial pattern, often seen with “atypical” pathogens 
such as Bordetella pertussis (Figure 5-86), Chlamydia 
pneumonia, and Mycoplasma. In this circumstance, fluid 
becomes evident in the interstitial connective tissues of 
the lung, rather than within alveoli. Air bronchograms 
should not be seen as a result of an interstitial pneu-
monia. Peribronchial cuffing may be seen. Peribron-
chial cuffing (Figure 5-87) is a thickened appearance 
of bronchioles when viewed end-on on chest x-ray. 
Normal bronchioles are not visible when oriented in 
the plane of the x-ray but are visible as small black cir-
cles (air within the bronchiole) surrounded by a thin 
white line (the bronchial wall) when they are oriented 
perpendicular to the plane of the chest x-ray. With the 
development of interstitial edema, this thin white line 
thickens and is then called peribronchial cuffing. Peri-
bronchial cuffing is not specific to bacterial infection 
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and is seen in other disease states, including pulmo-
nary edema, asthma, pneumocystis pneumonia (PCP), 
viral pneumonitis, and bronchiolitis such as that from 
respiratory syncitial virus. Other findings of interstitial 
pneumonia can include fluid in the minor and major 
fissures.

Pneumonia Differential Diagnosis. It is essential 
to remember that a differential diagnosis exists for 
increased lung parenchymal density (see Box 5-2). Any 
process that results in fluid and solid material accumu-
lating within alveoli can have this x-ray appearance. This 
includes not only infectious pneumonitis (pneumonia) 
but also physical aspiration of noninfectious material 
(Figures 5-88 through 5-90), pulmonary hemorrhage, 
pulmonary infarction in the setting of pulmonary embo-
lism (see Chapter 7) or sickle cell anemia acute chest 
syndrome (Figure 5-91), atelectasis, mucous plugging 
with segmental collapse, mass lesion, and pulmonary 
edema. A pleural effusion can resemble parenchymal 
opacity, with some differences as outlined in earlier sec-
tions. When a parenchymal opacity is seen, the emer-
gency physician must resist the temptation to conclude 
that “the chest x-ray shows pneumonia.” Instead, the 
physician must determine that “the chest x-ray shows 
increased parenchymal opacity.” This finding should be 
considered with other clinical data to reach the correct 
diagnosis. In the words of a radiologist, clinical correla-
tion is required.

Cavitary Lesions. Some pulmonary infections char-
acteristically produce cavitary lesions on chest x-ray. 
These include tuberculosis and lung abscesses from 
pathogens such as Staphylococcus aureus or aspirated 
anaerobes. Necrotic neoplastic lung masses may cavi-
tate. Bullae resulting from emphysema can become sec-
ondarily infected, sometimes with fungal pathogens. A 
typical cavitary lesion may have an air–fluid level on an 
upright chest x-ray. This may not be visible on a supine 
image, as fluid within the cavity layers in the same plane 
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Figure 5-35. Changes in pressure 
and volume on chest x-ray.  A, 
The lungs and mediastinum under 
normal  conditions of pressure and 
volume.  The  heart  and  airway 
are  near  the  midline.  The  minor 
fissure  is  in  normal  position.  The 
right  diaphragm  is  usually  slightly 
higher  than  the  left,  because  of 
the  larger  size  of  the  liver  relative 
to  the  spleen.  B,  Increased 
pressure  results  in  mediastinal 
shift  and  tracheal  deviation  to 
the  opposite  side.  In  the  case  of  a 
right-sided tension pneumothorax, 
the  right  hemidiaphragm  may  be 
displaced  in  a  caudad  direction 
and  may  be  lower  than  the  left 
hemidiaphragm—the  reverse  of 
their normal positions. In addition, 
in  any  tension  pneumothorax, 
the  costophrenic  angle  may  be 
extremely  deep  on  the  abnormal 
side due to a hyperinflated pleural 
space—the  “deep  sulcus  sign.”  C, 
Decreased  pressure  and  volume, 
such as is seen with lobar collapse, 
results  in mediastinal  and  tracheal 
shift  toward  the  affected  side. 
The  diaphragm  may  be  elevated 
because of decreased lung volume. 
The minor fissure may move in the 
direction  of  the  collapsed  lobe.  In 
addition,  the  collapsed  lobe  may 
be visible as an increased density. If 
the collapsed  lobe abuts  the heart, 
a  pathological  silhouette  sign  may 
be present.
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as the x-ray detector. As with other chest x-ray findings, 
a differential diagnosis should be considered based on 
appearance and other clinical data. Figures 5-92 through 
5-101 show cavitary lesions worrisome for tuberculosis 
or abscess.

Figure 5-36. A case of increased pressure and volume: Tension 
pneumothorax.  This  example  shows  mediastinal  shift  to  the  patient’s 
left, as well as depression of the right hemidiaphragm and a deep sulcus 
sign  (the  right  costophrenic  angle  is  pushed  below  the  lower  margin 
of  the  image).  Absence  of  lung  markings  indicates  the  pneumothorax, 
whereas the lung shows increased density, likely from a combination of 
collapse and pulmonary contusion. In this particular case, bilateral chest 
tubes have already been placed without resolution of the pneumothorax, 
suggesting large airway disruption. The rate of air leak from the bronchus 
defect  exceeds  the  rate  at  which  air  is  being  removed  through  the 
thoracostomy tube. Compare with Figure 5-35.
Embolic Pneumonia. In the case of endocarditis, sep-
tic emboli may be distributed throughout the lungs. 
The typical appearance is of numerous or innumerable 
nodules, often bilaterally distributed (Figures 5-102 and 
5-103). The chest x-ray appearance is indistinguishable 
from metastatic disease.

Pulmonary Edema and Heart Failure
Chest x-ray findings of pulmonary edema follow a 
sequential pattern from early or mild findings to late 
or advanced findings (Table 5-6). A number of artifacts 
can simulate these findings and should be recognized 
to avoid misdiagnosis (Table 5-7). In general, early 
findings include pulmonary venous congestion, which 
is associated with cephalization, and cardiomegaly. 
Cephalization (Figures 5-104 and 5-105) refers to the 
redistribution of visible pulmonary vessels into the 
upper lung fields as pulmonary vascular volume and 
pressures increase. On a normal upright chest x-ray, the 
upper lung fields are relatively sparsely populated with 
visible pulmonary vessels compared to the lung bases 
because of the effect of gravity in preferentially filling 
dependent vascular beds. Remember that cephaliza-
tion can be simulated by a supine chest x-ray, in which 
the upper pulmonary vessels are filled because of the 
patient’s supine position. An underpenetrated (under-
exposed) chest x-ray may simulate this appearance as 
well, as all blood vessels and soft tissues appear more 
prominent. A poor inspiratory effort also increases 
the apparent density of lung tissue, simulating pul-
monary edema. In a poorly expanded lung (because 
of poor inspiratory effort at the moment of the x-ray), 
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elevated
right
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normal left
diaphragm
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Figure 5-37. Atelectasis with elevated diaphragm: An example of volume loss.  The right hemidiaphragm in this patient appears elevated on both 
the posterior–anterior (A) and the lateral (B) views. Is this the correct interpretation of the x-ray, and if so, what is the cause? Consider the alterative 
interpretations. A subpulmonic pleural effusion would appear similar, as it would have the same density as liver, heart, and diaphragm and would layer 
over the diaphragm with the patient upright. This appears less likely in that a meniscus might be seen along the lateral chest wall with a pleural effusion 
but is not present here. In addition, a pleural effusion occupies space and might be expected to push the heart to the left, whereas in this case the heart 
may be slightly deviated to the right. Atelectasis of the lower right lung would result in volume loss, pulling the heart and hemidiaphragm into the space 
normally occupied by lung. This is consistent with the observed features. An infiltrate in this location could explain the x-ray findings but appears less 
likely for similar reasons to those cited for effusion. Some simple maneuvers could narrow the differential diagnosis. Chest ultrasound, decubitus x-ray 
views, or CT could identify an effusion.
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Figure 5-38. Lobar collapse and volume loss with mediastinal shift.  This 70-year-old male presented with hypoxia, hypotension, and altered 
mental status.  A,  Initial chest x-ray before  intubation.  B, Chest x-ray after  intubation was performed. The patient’s vital signs did not  improve.  C, 
Chest x-ray minutes later, after an intervention was performed and the patient’s vital signs improved.  The initial chest x-ray (A) shows evidence of 
“volume loss.” Volume loss refers to a decrease in the size of the contents of a portion of the thoracic cavity. In contrast to tension pneumothorax, 
where an increase in the volume of one hemithorax displaces the mediastinum away from the affected side, volume loss means decrease in volume and 
causes mediastinal shift toward the affected side. Three signs point to volume loss in this patient: the mediastinum is shifted toward the patient’s right, 
tracheal deviation is present toward the patient’s right, and the right hemidiaphragm is elevated. In this case, the patient had volume loss resulting 
from lobar collapse because of mucous plugging. Intubation initially worsened the patient’s condition, because the normal (left) lung readily inflated 
under positive pressure. This increased the degree of mediastinal shift toward the patient’s right (B), further compressing the left lung. Adjusting the 
ventilator to increase positive pressure ventilation and positive end-expiratory pressure resulted in reinflation of the collapsed lobe, resolving the chest 
x-ray abnormalities and improving the patient’s clinical condition (C). In some patients, such as those with collapse because of an obstructing bronchial 
mass, this intervention might not be helpful. Bronchoscopy with stenting of the obstructed airway might be necessary to restore lobar inflation.  Avoid 
mistaking volume loss for pleural effusion. A pleural effusion might appear similar to the elevated right hemidiaphragm, but pleural effusion occupies 
volume and thus should not cause mediastinal shift or tracheal deviation toward the affected side. Bedside ultrasound may help to discriminate between 
the two conditions. In this case, no effusion was present, and the patient’s liver was visible on ultrasound, at the level of the nipple viewed through the 
right axilla. Compare with Figure 5-35.
pulmonary blood vessels appear more closely spaced 
and may be mistaken for edema.

Cardiomegaly (Figures 5-106 through 5-109; see also 
Figures 5-104 and 5-105) is another frequent finding in 
cases of pulmonary edema, though not all patients with 
heart failure will have an enlarged cardiac silhouette. 
Heart size is measured on chest x-ray using the cardio-
thoracic ratio, which equals the ratio of the transverse 
heart to the greatest internal diameter of the thoracic 
cage. A normal value is less than or equal to 0.5 for 
adults, and cardiomegaly is radiographically defined 
by values exceeding this. Poor inspiration, supine posi-
tioning, or magnification from an AP portable x-ray all 
may falsely elevate the cardiothoracic ratio, simulating 
cardiomegaly. Figures 5-110 through 5-122 show cardio-
megaly, often in association with other findings of pul-
monary edema.
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expanded

Figure 5-39. Volume loss resulting from right main bronchus intubation.  This figure demonstrates another  common cause of volume  loss—
iatrogenic right main bronchus  intubation. A, The patient has not yet been  intubated. B, The patient has been  intubated and the  left  lung appears 
completely collapsed (opacified). One clue to volume loss here is that the entire mediastinum has shifted into the left chest and is not visible against the 
background of collapsed lung. This is an example of the pathologic silhouette sign. The scenario in B may present without the benefit of the comparison 
x-ray A,  if  the patient  is  intubated before a chest x-ray can be obtained. The emergency physician must  recognize right main-stem intubation as a 
possible cause, rather than mistaking this for a left pleural effusion or dense pneumonia. C, The endotracheal tube has been repositioned at a shallower 
depth, and the left lung is partially reexpanded. The left lung parenchyma appears slightly denser than the right, as it has not yet fully reinflated. The 
mediastinum has not yet shifted back to its usual position because of hypoinflation of the left lung.  The appearance in B can also be seen in a patient 
with a pneumonectomy, as mediastinal shift into the empty hemithorax occurs (see Figure 5-10, 5-40, 5-41). Compare also with Figures 5-35 and 5-38.
An enlarged cardiothoracic ratio may also occur with 
pericardial effusion (Figures 5-123 through 5-130). This 
can be indistinguishable from cardiomegaly on chest 
x-ray, though classically the appearance of a large peri-
cardial effusion is described as a “water bottle” appear-
ance on upright chest x-ray. Imagine the appearance 
of a full water balloon that is placed on a flat surface. 
The balloon sags, creating a broader inferior aspect. A 
large pericardial effusion may have a similar appear-
ance when the heart and pericardium rest in an upright 
position on the diaphragm and solid liver beneath. 
Although chest x-ray may assist in this diagnosis, ultra-
sound (see Chapter 6) and CT scan are definitive and 
should be used to differentiate cardiomegaly from peri-
cardial effusion when clinical concern exists. Figures 
5-131 through 5-135 (see also Figures 5-123 through 
5-130) show the similar chest x-ray appearance of car-
diomegaly and pericardial effusion. Pericardial effusion 
may accompany cardiomegaly in severe heart failure. 
Diagnostic imaging does not definitively determine 
the cause of a pericardial effusion, although associated 
findings such as lung opacities consistent with meta-
static disease or primary lung neoplasms may suggest 
the cause.

Later in the course of heart failure or developing pul-
monary edema, increased hydrostatic pressure results 
in the development of interstitial edema. This is mani-
fested on chest x-ray as peribronchial cuffing (see Fig-
ure 5-119) described earlier in the section on interstitial 
pneumonia and Kerley B lines. Peribronchial cuffing is 
not specific to pulmonary edema and is seen in other 
states, including viral pneumonitis and bronchiolitis, 
such as that from respiratory syncitial virus. Kerley B 
lines are parallel, fine lines extending from the pleu-
ral surface into the subpleural lung, especially in lung 
bases, and thought to result from fluid accumulation in 
interlobular septa.
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Figure 5-40. Pneumonectomy: Another cause of volume loss.  A, Posterior-anterior (PA) upright chest x-ray. B, Lateral upright chest x-ray. This 
86-year-old  female has a history of  lung cancer  treated with  left pneumonectomy. As a consequence,  there  is significant  loss of volume  in  the  left 
chest, and the heart, mediastinum, and trachea have shifted to the left to fill the void. The right lung appears hyperinflated, which is typical in cases of 
contralateral volume loss. This is due to the extra space created in the right thorax by shift of the heart and mediastinum to the left.
BA
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Figure 5-41. Pneumonectomy.  A, Posterior-anterior (PA) chest x-ray. B, Lateral chest x-ray. This 60-year-old male underwent left pneumonectomy 
for non–small cell lung cancer months prior and presented with hypotension.  A, His chest x-ray shows an irregular opacification of the left chest, with 
rounded air densities and fluid. The mediastinum has shifted into the left chest because of the expected volume loss from pneumonectomy. We have 
seen this appearance previously with lobar collapse. Notice how the trachea deviates left as well. This patient’s chest x-ray appearance was unchanged 
from priors, but two additional diagnoses should have been considered if increased air had been seen. One is abscess with gas-producing organisms in 
the pleural space. The second is bronchopleural fistula, which would allow air to escape from the residual left bronchus. This would also pose a risk of 
infection, as nonsterile air would enter the poorly defended pleural space. B, The patient also has a dense retrosternal space, concerning for an anterior 
mediastinal mass.
Late in the course of pulmonary edema, hydrostatic 
pressure forces fluid into alveoli, usually first in the 
lung bases and then in the upper lung segments (see 
Figure 5-110, B). This is usually symmetrical, although 
asymmetrical pulmonary edema can occur. Before frank 
air space edema occurs, symmetrical perihilar “butter-
fly” or “bat wing” air space disease may be seen. As 
described earlier in the section on air bronchograms, 
fluid within alveoli arising from heart failure may create 
a silhouette against the adjacent air-filled bronchi—an 
air bronchogram. The presence of this finding proves 
the presence of alveolar fluid but does not distinguish 
edema from infection, hemorrhage, aspiration, or other 
fluid. If edema progresses further, fluid may fill bronchi-
oles adjacent to alveoli, eliminating the silhouette of the 
air bronchogram.
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TABLE 5-5.  Arrangement of Figures

Figure content Figure number
acute chest syndrome 91

air bronchograms 27, 53-54

aortic pathology see Chapter 7

aspiration pneumonitis 88-90

asthma 42

atelectasis 37

cardiac CT see Chapter 8

cardiomegaly 104-115, 131-135

cavitary lesions/tuberculosis 92-96

central venous catheter 188

changes in pressure and volume 35

chest x-ray technique 1,2,3,4, 5, 6,7

congestive heart failure/pulmonary 
edema

116-122

chronicity of chest x-ray findings 52

chronic obstructive pulmonary disease 43-48

cystic fibrosis 49

dextrocardia 198

esophageal foreign body 187

esophageal rupture 157

external objects 22, 25

fissures 28, 29-34

hiatal hernia 185-6

hilar adenopathy 183-184

idiopathic pulmonary fibrosis 50

internal foreign bodies 23, 24

lateral decubitus x-ray 19, 20

Figure content Figure number

lobar collapse 38, 39

lung abscess 97-101

lung masses 159-175

mediastinal widening 176-178

meniscus sign 8

nasogastric tube 189

normal chest x-ray 15, 16

pacemaker complications 190-197

pericardial effusion 123-130

pertussis 86-87

pleural effusions 9-10, 136-152

pneumonectomy 40, 41

pneumonia 55-85

pneumopericardium 153-156

pneumoperitoneum 11, 12, 13, 14

pulmonary embolism see Chapter 7

retrosternal space 17

right main bronchus intubation 39

rotation artifact on chest x-ray 21

septic emboli 102-103

silhouette sign 26

smoke inhalation 51

spine sign 18

subcutaneous emphysema 158

superior vena cava syndrome 179-182

tension pneumothorax 36

traumatic injuries see Chapter 6
Pleural effusions are another common finding in pulmo-
nary edema, although they may occur from many other 
causes, including infection, malignancy, and pulmonary 
embolism. When a unilateral pleural effusion occurs in 
the setting of heart failure, a right-sided pleural effusion 
is more common. Figures 5-136 through 5-152 show a 
variety of pleural effusions, emphasizing their variable 
size and appearance by chest x-ray, ultrasound, and CT.

Pneumothorax
Pneumothorax is discussed in detail in Chapter 6. (See 
the extensive figures in that chapter.) Pneumothorax 
can occur outside of the setting of trauma. Spontaneous 
pneumothorax and iatrogenic injury from mechanical 
ventilation or procedural complications (e.g., during 
central venous catheter placement) may occur. Pneu-
mothorax is characterized by an absence of normal 
lung vascular markings in the zone of pneumothorax. 
The resulting lung field appears extremely lucent or 
dark. The pleural line of the injured lung is often vis-
ible on x-ray and should be carefully sought. This line 
must be distinguished from skin folds, objects outside 
of the patient, and the curved cortices of ribs, which 
may have a similar appearance. In each of these cases, 
and unlike the true pleural line of a pneumothorax, lung 
markings are visible beyond the suspect line. In addi-
tion, skin folds are usually a sharply defined line on 
one side but not on the other. In contrast, the pleural 
surface usually appears sharply defined on both sides. 
The medial border of the scapula should be identified 
explicitly to avoid confusing this line with the pleural 
line of a pneumothorax.

Subcutaneous air (Figure 5-153; see also Figure 5-158) 
can be associated with pneumothorax and should be 
sought as an additional clue. Subcutaneous air appears 
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Figure 5-42. Asthma with hyperinflation.  X-rays  are  not  routinely 
needed for the evaluation of patients with asthma, although they should 
be  considered  if  pneumonia  or  barotrauma  such  as  pneumothorax 
is  suspected.  Common  findings  include  hyperinflated  and  thus  very 
lucent  lung  fields.  Hyperinflation  flattens  the  diaphragms  as  well.  An 
overexpanded  thorax  often  has  ribs  oriented  more  horizontally  than 
usual. A good-quality inspiratory film in a normal patient should reveal 
lungs inflated to the 10th rib. This patient, a 46-year-old asthmatic with 
multiple prior intubations, has 11 visible ribs even on this supine x-ray. 
Supine position normally raises the diaphragm because of the pressure 
of abdominal contents, whereas upright position lowers the diaphragm 
by gravity.
more lucent (dark) than surrounding soft tissues. Air 
may track into the axilla and neck and sometimes outline 
skeletal muscle fibers in exquisite detail. Rib fractures 
may be seen, suggesting occult trauma or spontaneous 
fractures related to osteopenia, cough, or malignancy.

Changes suggesting increased volume and pressure on 
the affected side of the chest must be carefully sought, 
as these are evidence of developing tension pneumotho-
rax (see Figures 5-35 and 5-36). Deviation of the trachea 
to the contralateral side, mediastinal deviation, depres-
sion of the diaphragm, and a deep sulcus sign (a deep 
costophrenic angle; see Chapter 6) are all radiographic 
findings suggesting tension pneumothorax. The clinical 
state of the patient is the most important factor, so the 
patient should be assessed for signs of obstructive shock 
such as hypotension and tachycardia. Difficulty venti-
lating an intubated patient is a clinical sign of tension 
pneumothorax.

As described in Chapter 6, ultrasound and CT are 
believed to be more sensitive for pneumothorax than is 
chest x-ray, although the clinical importance of a small 
pneumothorax found by these modalities is debated.

Pneumopericardium and Pneumomediastinum
Pneumopericardium and pneumomediastinum are 
described in detail in Chapter 6. The radiographic 
appearance of air in the pericardial sac or mediastinum 
is a thin black line outlining the heart, often extending 
into the superior mediastinum (Figures 5-154 through 
5-156; see also Figure 5-153). Air may be visible on both 
the frontal and the lateral projections. On the lateral 
view, a black line may be seen separating the anterior 
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Figure 5-43. Chronic obstructive 
pul monary disease (COPD).  A, 
Posterior-anterior (PA) upright chest  
x-ray.  B,  Lateral  upright  chest 
x-ray.  This  63-year-old  male  with  a  
history  of  COPD  presented  with 
2  weeks  of  worsening  cough  with 
yellow  sputum  and  dyspnea.  His 
oxygen  saturation  was  87%  in  the 
emergency department. As in Figure 
5-42,  this  patient  has  evidence  of 
hyperinflation,  with  flat  diaphragms 
(particularly  evident  on  the  lateral 
x-ray,  B).  The  patient  also  has  a 
blunted  right  costophrenic  angle 
with  an  apparent  effusion  and 
increased densities  in both  the  right 
and the left lung base (A). The lateral 
x-ray  also  shows  increased  density 
overlying  the  inferior  thoracic  spine, 
an abnormal  spine sign. Findings of 
pleural effusions and pneumonia are 
discussed in detail in other figures.
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Figure 5-44. Bullae in chronic obstructive pulmonary disease (COPD).  A, Posterior-anterior (PA) upright chest x-ray. B, Lateral upright chest x-ray. In 
emphysema, destruc tion of alveoli results in formation of bullae, which may have an appearance similar to pneumothorax with a paucity of lung markings. 
Bullae may be single or multiple. As disease progresses, they may coalesce into a single, large bulla. Asymmetry from left to right and even within a single 
lung is common. This 46-year-old male with COPD presented with cough and increased shortness of breath over a 3-week period. A, His chest x-ray shows 
large bullae in the right upper lobe. B, His lateral x-ray also shows flattened diaphragms typical of COPD. See close-up from the same patient in Figure 5-45.
surface of the heart from fat in the retrosternal space. A 
continuous diaphragm sign may be seen (see Figures 
5-154 through 5-156). This sign occurs when pericardial 
air is present beneath the heart. Normally, the upper 
surfaces of the right and left domes of the diaphragm 
(water density) are visible, silhouetted against the lung 
parenchyma (air density). The central surface of the dia-
phragm is not usually visible, as the diaphragm, peri-
cardium, and myocardium are in physical contact and 
share the same density. When air is present within the 
pericardium, it is visible as a thin black line between the 
diaphragm and the inferior surface of the heart. This 
line of pericardial air visually connects the right and left 
diaphragms, creating the continuous diaphragm sign.

Outside of the setting of trauma, pneumopericardium 
and pneumomediastinum can occur with barotrauma 
from asthma or COPD, forceful cough, repeated vomit-
ing, or forceful valsalva, sometimes seen with cocaine or 
marijuana use. An associated pneumothorax should be 
sought during the review of the chest x-ray. The clinical 
history is extremely important to determine the likely 
source of mediastinal or pericardial air: the respiratory 
or gastrointestinal tract. If the source is determined to 
be the respiratory tract, and no large pneumothorax 
or persistent air leak is found, no further evaluation 
or treatment may be needed. However, if the source of 
mediastinal air is the gastrointestinal tract, as with an 
esophageal tear from forceful vomiting (Figure 5-157), 
life-threatening mediastinal infection may result. A sus-
pected gastrointestinal source of pneumomediastinum 
should be further evaluated using a contrast esopha-
gram, discussed in more detail in Chapters 4 and 9.
Occasionally, pneumomediastinum, pneumoperi-
cardium, and pneumothorax may be the result of 
a persistent air leak from the lung or tracheobron-
chial tree. Subcutaneous emphysema (Figure 5-158) 
may be significant in these cases and may be the 
patient’s presenting complaint. Increasing subcutane-
ous emphysema suggests a continued air leak. In the 
absence of trauma, air leaks of this type are often the 

bullous changes with
decreased lung markings

Figure 5-45. Bullae in chronic obstructive pulmonary disease.  Close-
up of bullous changes from the same patient as Figure 5-44. The walls of 
the large bullae are visible, and a paucity of lung markings makes these 
regions appear abnormally lucent (black).
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Figure 5-46. Bullae in chronic 
obstructive pulmonary disease 
(COPD).  A, Posterior-anterior (PA) 
chest  x-ray.  B,  Lateral  chest  x-ray. 
This 77-year-old female has severe 
COPD  with  extensive  bullous 
changes  of  both  upper  lungs.  A, 
Note how lucent (black) the upper 
lungs  appear  compared  with  the 
lower lungs. Figures 5-47 and 5-48 
show  a  close-up  of  this  finding 
and then a CT scan from the same 
patient.
result of surgical procedures such as thorascopic lung 
resections. In the presence of large amounts of subcu-
taneous air, the underlying lung may be difficult to 
evaluate because of the overlying soft-tissue artifacts. 
CT is sometimes necessary and allows evaluation of 
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changes with
decreased
lung markings

Figure 5-47. Bullae in chronic obstructive pulmonary disease 
(COPD).  Same  patient  as  Figure  5-46.  In  the  lung  apex,  the  normal 
lung has been replaced by large bullae, which are air-containing regions 
lacking the normal parenchymal supporting structures and blood vessels. 
Consequently,  these  areas  do  not  attenuate  the  x-ray  beam  and  look 
blacker than normal lung on chest x-ray. Compare with the CT scan from 
the same patient in Figure 5-48.
deeper structures regardless of the  presence of soft-
tissue air.

Aortic Pathology
Aortic trauma is discussed in detail in Chapter 6. Non-
traumatic aortic dissection and aortic aneurysm are dis-
cussed in Chapter 7. Please refer to these chapters for 
dedicated discussion and figures on x-ray and CT find-
ings of these disease processes.

Pulmonary Embolism
Risk stratification and imaging of pulmonary embolism 
is discussed in detail in Chapter 7. Please see Chapter 7 
for extensive figures on this topic.

Masses and Neoplastic Disease
Mass lesions on chest x-ray can have numerous appear-
ances (Figures 5-159 through 5-175). Large mass lesions 
may appear spiculated or rounded (see Figures 5-159 
through 5-162). Some mass lesions plug large airways to 
the affected lung segment, resulting in volume loss (see 
Figures 5-163 through 5-165). Masses can appear identi-
cal to consolidation from pneumonia, and as a conse-
quence, radiologists typically recommend a repeat chest 
x-ray after clinical resolution of infectious symptoms to 
ensure that an underlying mass lesion is not present. 
Small primary masses or metastatic disease may appear 
as solitary or multiple nodular opacities (see Figures 
5-166 through 5-175). Nipple shadows may simulate 
nodules; this problem can be resolved by adding exter-
nal markers at the location of the nipples and obtaining 
a repeat chest x-ray. Aggressive malignancies may result 
in bony destruction of adjacent ribs or vertebral bodies. 
Pleural and pericardial effusions may be seen in associa-
tion with masses. Masses may have associated medias-
tinal adenopathy.
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Figure 5-48. Bullae in chronic 
obstructive pulmonary disease 
(COPD).  CT  scan  from  the  same 
patient  as  Figures  5-46  and  5-47, 
viewed  on  lung  windows.  Slice 
at  the  level  of  the  aortic  arch  (A), 
through  the  pulmonary  artery 
(B  and  C),  and  through  the  level 
of  the  left  atrium  (D).  Note  the 
severe  bullous  changes  in  the 
more  cephalad  slices.  D,  The  lung 
parenchyma appears nearly normal 
in this more caudad slice.
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Figure 5-49. Cystic fibrosis.  Cystic 
fibrosis  is  aptly  named.  Chest 
x-ray  findings  include  increased 
interstitial  density  of  fibrosis  and 
cystic  changes  of  lung  parenchyma 
similar  to  chronic  obstructive 
pulmonary  disease.  Bronchiectasis 
(dilatation  of  bronchi,  potentially 
eroding  into  bronchial  arteries 
and  presenting  with  hemoptysis) 
may  be  visible  on  chest  x-ray  as 
large  and  thickened  bronchioles, 
particularly  when  viewed  in  short 
axis (when bronchioles are oriented 
perpendicular  to  the  frontal  plane). 
This 15-year-old with cystic fibrosis 
presented with cough and dyspnea. 
Does  she  have  pneumonia?  Com-
parison  with  prior  x-rays  showed 
no  changes.  A,  Posterior-anterior 
(PA)  chest  x-ray.  B,  Lateral  chest 
x-ray.  C,  Close-up  from  A  showing 
bronchiectasis.
Mediastinal Masses and Adenopathy. Mediastinal 
masses and adenopathy may widen the mediastinum 
on the frontal projection (Figures 5-176 through 5-178). 
On the lateral projection, the retrosternal space may be 
opacified, indicating a mass lesion (see Box 5-3) (Figures 
5-179 through 5-182). Hilar adenopathy may be seen 
with malignancies, infections, and conditions such as 
sarcoidosis (Figures 5-183 and 5-184). CT scan may be 
necessary to distinguish a possible mediastinal mass 
from conditions as benign as hiatal hernia (Figures 5-185 
and 5-186) or as life threatening as aortic aneurysm 
(discussed in detail in Chapter 7). Mediastinal masses 
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Figure 5-50. Idiopathic pulmo nary fibrosis.  This patient with  idiopathic pulmonary fibrosis pre sented with  increased dyspnea. The x-ray shows 
diffuse predominantly peripheral irregular and reticular opacities. The trachea is deviated to the right, suggesting volume loss on the right side, although 
a mediastinal mass such as adenopathy could also cause this deviation. Both diaphragmatic silhouettes are obscured—raising the possibility of bibasilar 
infiltrates or atelectasis. The right upper lobe appears dense along the right upper border of the mediastinum—with the possibility of a mass, lobar 
collapse, or an infectious infiltrate. Patients with such chronically abnormal chest x-rays can be difficult to evaluate. Comparison with prior x-rays to 
assess chronicity of findings is essential.  A, Posterior–anterior view. B, Lateral view.
BA
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Figure 5-51. Chronic smoke inhalation.  A, Posterior-anterior (PA) chest x-ray. B, Lateral chest x-ray. This 25-year-old female suffered a severe smoke 
inhalation injury when she was 12 years old and is oxygen dependent. She presented with increased dyspnea and an oxygen saturation of 81%. Her chest x-ray 
shows coarse reticular opacities throughout the lungs bilaterally. The hila are prominent bilaterally, suggesting possible secondary pulmonary hypertension 
from chronic hypoxia. Another cause of prominent hila is lymphadenopathy. Compare with the x-ray of cystic fibrosis in Figure 5-49 and that of idiopathic 
pulmonary fibrosis in Fiure 5-50. These chronic lung diseases share similar radiographic appearances and mandate comparison with prior x-rays whenever 
possible to determine the acuity of findings.
can result in superior vena cava syndrome (see Figures 
5-179 through 5-182). Chest x-ray may detect the mass 
but does not evaluate compression or internal thrombo-
sis of the superior vena cava, which is best assessed with 
CT with IV contrast.
Esophageal and Tracheal Foreign Bodies
Esophageal and tracheal foreign bodies are a com-
mon emergency department complaint, particularly 
in children. Dense foreign bodies composed of metal 
may be readily seen on chest x-ray. Other foreign 
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Figure 5-52. Chronicity of chest 
x-ray findings.  A,  Posterior-
anterior  (PA)  upright  chest  x-ray. 
B, Lateral upright chest x-ray. This 
80-year-old female presented with 
sudden  dyspnea  and  syncope. 
Her  workup  revealed  pulmonary 
embolism.  Incidentally,  her  chest 
x-ray shows buckshot from a remote  
prior  injury.  Remember  that  chest 
x-ray  findings  are  not  necessarily 
acute  and  do  not  always  explain 
acute symptoms. Comparison with  
prior  x-rays  can  assist  in  deter-
mining chronicity.
bodies may be radiolucent and invisible on x-ray. In 
some cases, the presence of a foreign body may be 
deduced by its effect on lung inflation. An airway 
foreign body causing a ball–valve effect may cause 
unilateral hyperinflation, sometimes most visible on 
expiratory or lateral decubitus views (described ear-
lier in dedicated sections on those specialized views). 
CT scan is accurate and can localize even low-density  
objects.

Esophageal foreign bodies often lodge at the thoracic 
inlet. If an esophageal foreign body is suspected but 
is not visible by chest x-ray, a barium swallow can be 
performed and can outline a nonradiopaque esophageal 
foreign body.

Tracheal foreign bodies may lodge at multiple lev-
els depending on object size relative to the patient’s 
airway. Coins are a commonly aspirated or ingested 
foreign body. Classically, a coin appears en face as an 
“O” on the frontal view when lodged in the esopha-
gus (Figure 5-187). A mnemonic for this is the British 
spelling, oesophagus. A coin in the trachea typically is 
turned “edge on” and appears as a linear opacity on 
the frontal chest x-ray, coaxed into this position by 
the incomplete tracheal cartilages, which are open 
posteriorly.

Chest X-ray Findings of Traumatic Injury
Chest x-ray and adjunctive imaging evaluation of trau-
matic injury is discussed in detail in Chapter 6. Please 
see Chapter 6 for a discussion of pneumothorax, pul-
monary contusion, diaphragm rupture (also discussed 
in Chapter 10), rib and sternal fractures, and aortic 
injury.
air bronchogram

Figure 5-53. Air bronchograms.  Pulmonary alveolar fluid accumulation 
results  in air bronchograms—the silhouetting of  the air-filled  (normal) 
bronchi by fluid-filled (abnormal) alveoli. Normally bronchi are not seen 
except when they are directly oriented perpendicular to the plane of the 
x-ray. The reason is simple; as described in the discussion of chest x-ray in 
the text, the borders of two tissues will not be seen on chest x-ray if they 
are  immediately adjacent and share the same tissue density. Normally, 
bronchi  (air  density)  and  alveoli  (air  density)  cannot  be  distinguished. 
The thin walls of bronchi do not attenuate the x-ray beam sufficiently to 
be visible unless a  long segment  is oriented perpendicular  to  the x-ray 
plane, which leads to the occasional appearance of a circular bronchiole. 
Compare with Figure 5-27.
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A B air bronchogram

Figure 5-54. Air bronchograms. 
This  patient  again  has  a  visible 
air  bronchogram  (A),  with  the  left 
main  bronchus  and  its  branches 
silhouetted  like  a  tree  turned  on 
its  side.  The  cropped  view  (B) 
has  been  contrast  adjusted  to 
make  this  even more evident. The 
appearance  of  air  bronchograms 
is  not  specific  for  pneumonia  but 
indicates  that  alveoli  adjacent  to 
an  air-filled  bronchus  have  filled 
with fluid, resulting in a difference 
in  tissue  density  of  two  adjacent 
tissues. Look for air bronchograms 
in  a  dense  chest,  as  these  identify 
alveolar  fluid.  A  pleural  effusion 
would not give this appearance, as 
air-filled alveoli would persist next 
to the air-filled bronchi.
infiltrate

Figure 5-55. Pneumonia.  This  37-year-
old patient with Crohn’s disease presented 
with  fever,  tachycardia,  and  increased 
abdominal pain. Abdominal CT showed no 
evidence of acute pathology, but chest x-ray 
showed  a  right  midlung  opacity  consistent 
with pneumonia.
CHEST X-RAY EVALUATION OF MEDICAL 
DEVICES
Chest x-ray is commonly used to evaluate the loca-
tion of medical devices within the chest, as well as 
complications of their insertion. Endotracheal tubes, 
nasogastric and orogastric tubes, central venous 
catheters, and thoracostomy tubes are discussed 
in detail in Chapter 6. Please see the description of 
their assessment in that chapter. The discussion here 
supplements but does not replace the discourse in  
Chapter 6.
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Figure 5-56. Pneumonia: Pediatric, left lower lobe.  A, Anterior-posterior (AP) chest x-ray. B, Lateral chest x-ray. This 7-year-old presented with fever and 
5 days of productive cough, now with orange sputum. A, Chest x-ray shows increased subtle density in the left lower lobe on the anterior–posterior (AP) x-ray. 
B, The lateral x-ray shows a definite increased density overlying the lower thoracic spine—a left lower lobe pneumonia. Recall that the thoracic spine normally 
appears progressively more lucent as  it approaches the diaphragm, a finding called the spine sign. Lack of this progressive lucency suggests an overlying 
infiltrate. Returning to the AP x-ray, recall that a lingular pneumonia normally would obscure the left heart border because the lingula lies immediately adjacent 
to the lower heart. An upper lobe pneumonia would obscure the border of the upper left mediastinum, to which it is adjacent.
A B

infiltrateinfiltrate

Figure 5-57. Pneumonia: Left lower lobe infiltrate with retrocardiac location.  A, Posterior-anterior (PA) upright chest x-ray. B, Lateral upright 
chest x-ray. This 53-year-old male with a history of heart transplant presented with 1 week of fever, productive cough, dyspnea, and left-sided chest 
pain. He was febrile in the emergency department. A, His posterior–anterior (PA) chest x-ray appears fairly normal at first glance. Look at the lateral 
x-ray (B), however. A dense infiltrate overlies the thoracic spine in the retrocardiac space,  interrupting the normal progressive lucency of the spine 
approaching the diaphragm. Looking back at the PA chest image, the heart appears quite dense in this location, and faint increased density is seen above 
the left diaphragm. This is a left lower lobe pneumonia.
Endotracheal Tubes
Chest x-ray is commonly obtained following endotra-
cheal intubation to assess endotracheal tube position. It 
is essential to recognize that chest x-ray assesses the depth of 
endotracheal tube insertion, not correct tracheal placement. 
Because the esophagus lies deep to the trachea and both 
are midline structures, a frontal projection chest x-ray 
cannot distinguish tracheal from esophageal intubation. 
Other factors, including direct visualization of the endo-
tracheal tube passing through the vocal cords during 
intubation, the presence of appropriate end-tidal carbon 
dioxide production, oxygen saturation, the presence of 
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Figure 5-58. Pneumonia: Lingula and left lower lobe.  A, Posterior-anterior (PA) upright chest x-ray. B, Lateral upright chest x-ray. This 27-year-old 
male presented with chills, nausea, and anterior inferior left chest pain. His chest x-ray shows a lingular and left lower lobe pneumonia. Remember that 
the lingula lies anterior and abuts the left heart border—an infiltrate is seen in this location on both the posterior–anterior (PA) (A) and lateral (B) views. 
Note how the left heart border is indistinct because of the infiltrate on the PA view. On the lateral view, the lingular infiltrate has the appearance of a 
dense wedge with discrete borders. Also on the lateral view, a second area of increased density is seen, indicating a left lower lobe infiltrate. It overlies 
the spine, again interrupting the normal increased lucency as the spine approaches the diaphragm. The importance of the lateral x-ray for diagnosing 
pneumonia cannot be overemphasized. Figure 5-59 shows the same patient 5 days later.
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Figure 5-59. Pneumonia: Lingula 
and left lower lobe.  A, Posterior-
anterior (PA) upright chest x-ray. B, 
Lateral  upright  chest  x-ray.  Same  
patient as Figure 5-58, now 5 days 
later.  The  patient  returned  with 
worsened  symptoms.  A,  Note  how 
the  lingular  infiltrate  has  now 
significantly  hidden  the  left  heart 
border.  B,  The  retrocardiac  left 
lower lobe infiltrate persists.
bilateral breath sounds, and the absence of gastric air 
sounds during ventilation, should be used in conjunc-
tion with the chest x-ray. Chest x-ray alone should never 
be used to confirm correct endotracheal positioning.

On chest x-ray, the distal tip of the endotracheal tube 
should be positioned no deeper than approximately 1 
to 3 cm above the carina and no higher than the supra-
sternal notch. Deeper insertion may lead to right main 
bronchus intubation if the patient’s neck becomes flexed 
or if the tube is advanced farther. Insertion to a depth 
shallower than the suprasternal notch risks accidental 
extubation (withdrawal of the endotracheal tube to a 
supraglottic position) if the patient’s neck is extended or 
if the tube is retracted farther.

Right main bronchus intubation (see Figure 5-39) is a 
common complication of endotracheal intubation and 
should be routinely suspected and assessed for on chest 
x-ray. Clinical assessment should also be performed for 
decreased breath sounds on the patient’s left side. If not 
corrected rapidly, right main bronchus intubation can 
be followed by complete collapse of the left lung. Chest 
x-ray findings include volume loss in the left chest, with 
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Figure 5-60. Pneumonia: Left lower lobe.  This 35-year-old male with a history of renal transplantation presented with dyspnea, fever, and chest 
pain. His posterior–anterior (PA) upright chest x-ray (A) shows a left lower lobe density, also seen as a retrocardiac density on the lateral x-ray (B). Note 
on the PA view how the left heart border can still be seen, as the infiltrate does not directly abut that border but rather lies posterior to it. Remember 
that the retrocardiac space is usually quite black, and the thoracic spine should be progressive more lucent (black) as it approaches the diaphragm on 
lateral chest x-ray. Both of these rules are violated in this case because of the left lower lobe infiltrate. Always inspect the lateral x-ray for these features. 
Also compare this lateral x-ray to the lateral x-ray in Figure 5-59, which showed a density in the lingula. The immediate retrocardiac space in that x-ray 
was clear.
BA

density over
thoracic spine

Figure 5-61. Pneumonia, visible 
on lateral x-ray.  This  27-year-old 
male  presented  with  2  days  of 
myalgias, fever, and productive cough.  
Look  first  at  the  posterior–anterior 
chest  x-ray  (A).  Do  you  see  an 
infiltrate?  The  right  and  left  heart 
borders  and  diaphragms  are  clear. 
The  lung  fields  do  not  show  an 
infiltrate. Now look at the lateral x-ray 
(B). An abnormal density overlies the 
inferior  thoracic  spine,  interrupting 
the normal progressive darkening as 
the spine approaches the diaphragm. 
This  is  the  only  sign  of  pneumonia. 
Always inspect the lateral chest x-ray 
for the spine sign.
tracheal and mediastinal shift to the left (see the section 
earlier in this chapter on volume loss). This is usually 
rapidly corrected with appropriate repositioning of the 
endotracheal tube. Sometimes right main bronchus intu-
bation occludes large branches of the right bronchus, with 
segmental collapse, most often of the right upper lobe.

Central Venous Catheters
Chest x-ray can detect misplaced central venous cathe-
ters whose course does not follow the intended vascular 
anatomy (Figure 5-188). For example, a catheter inserted 
into the subclavian vein may be found to ascend the 
neck, suggesting an improper course into the internal 
jugular vein rather than descent into the superior vena 
cava. An internal jugular catheter may turn laterally 
toward the shoulder, rather than medially, suggesting 
accidental subclavian vein placement. It is essential to 
recognize that even these findings do not rule out the 
more serious complication, arterial catheterization. A 
catheter placed into the carotid artery and advanced 
into the subclavian artery would have a similar chest 
x-ray appearance. Though it is commonly requested 
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Figure 5-62. Pneumonia: Pediatric. 
A,  Posterior-anterior  (PA)  chest 
x-ray.  B,  Cross-table  lateral  chest 
x-ray.  C,  close-up  from  A.  This 
5-month-old was born at 27 weeks 
of  gestation  and  presented  with 
cough.  A,  The  posterior–anterior 
chest x-ray shows increased density 
in  the  right upper  lobe,  consistent 
with pneumonia. In addition, an air 
bronchogram  is  visible  along  the 
right heart border (see C, close-up 
from A).
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Figure 5-63. Pneumonia: Right 
middle lobe.  A, Anterior-posterior 
(AP)  chest  x-ray.  B,  Lateral  chest 
x-ray.  This  73-year-old  male  
presented  with  cough  with  yellow 
sputum,  fever  39.3°C,  tachycardia, 
and  oxygen  saturation  of  93%  on 
room  air.  His  chest  x-ray  shows  a  
classic right middle lobe pneumonia. 
A,  This  opacity  obscures  the  right 
heart border, which lies immediately 
adjacent. B, On the lateral x-ray, this 
appears  as  a  more  circumscribed 
density overlying the heart.
that a chest x-ray be performed before the use of a cen-
tral venous catheter to confirm correct placement, chest 
x-ray does not confirm intravenous insertion. Other fac-
tors, including the absence of pulsatile blood suggesting 
arterial placement, the ease of infusion through the cath-
eter, and ultrasound assessment of the catheter position, 
can be used with chest x-ray to assess catheter location. 
In cases of particular uncertainty, blood gas sampling or 
transduction of central venous pressure waveforms may 
be useful. The major functions of the chest x-ray are to 
determine the depth of insertion of the catheter and to 
evaluate for pneumothorax. A central venous catheter 
should terminate in the lower superior vena cava, above 
the right atrium.

Thoracostomy and gastric tubes are discussed in Chap-
ter 6. An improperly placed gastric tube may be seen 
coiled in the hypopharynx or esophagus on chest x-ray. 
More subtle but critical misplacement in the trachea and 
bronchus may be seen as a gastric tube that deviates 
right or left from the midline at the level of the carina 
(Figure 5-189). Failure to recognize this can be fatal, if 
lavage fluids or feeding solutions are passed into the 
lung through the misplaced gastric tube.
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Figure 5-64. Pneumonia: Right middle lobe and left upper lobe.  A, Anterior-posterior  (AP) chest x-ray. B, Close-up  from A. Same patient as 
Figure 5-63, where his initial chest x-ray showed a classic right middle lobe pneumonia. This x-ray was obtained one week later, with a progressive 
density appearing to involve the entire right middle lobe. A, The right heart border remains obscured, and the right diaphragm is also partially hidden, 
which may indicate right lower lobe involvement or an associated pleural effusion. Increased density is also seen in the bilateral upper lungs. B, An air 
bronchogram is faintly visible behind the left heart.
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Figure 5-65. Pneumonia: Right upper lobe.  A,  Posterior-anterior  (PA)  chest  x-ray.  B,  Lateral  chest  x-ray.  This  46-year-old  male  with  human 
immunodeficiency virus and end-stage renal disease presented with fever to 39.1°C, cough, and right chest pain. A, His PA chest x-ray shows a dense 
infiltrate in the right upper lobe, bounded inferiorly by the minor fissure. B, On the lateral x-ray, this appears bounded superiorly as well—this boundary 
identifies this as a right posterior segment upper lobe infiltrate, though this level of anatomic localization is not necessary to the emergency physician. 
A, The curved density in the right chest is the patient’s dialysis catheter.
Automatic Implantable Cardioverter–Defibrillators 
and Implanted Pacemakers
Chest x-ray can be used to evaluate the integrity of auto-
matic implantable cardioverter–defibrillator (AICD) 
and pacemaker electrical leads (Figures 5-190 through 
5-192). The leads should be visible originating from the 
pacemaker or AICD, tracking in a path corresponding 
to great veins returning to the superior vena cava and 
then to the right atria and right ventricle. The correct 
position of the leads depends on the specific device; for 
example, some devices pace both ventricles. The wires 
should not be kinked, have discontinuities, or terminate 
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in a location outside the atria or ventricles. Rarely, 
patients with Twiddler’s syndrome may be found to 
have wound the electrical leads completely around the 
pacemaker or AICD by rotating the device inside its 
subcutaneous pocket.28
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Figure 5-66. Pneumonia: Right upper lobe.  This  71-year-old  male 
with  a  history  of  prostate  cancer  presented  with  dyspnea,  hemoptysis, 
and right-sided chest pain. His chest x-ray shows a wedge-shaped right 
upper  lobe  infiltrate,  consistent  with  pneumonia.  The  patient  grew 
Haemophilus influenza from blood cultures. This radiographic appearance 
can also be seen with pulmonary infarction from pulmonary embolism. 
Computed tomography was performed because of the patient’s history of 
cancer and hemoptysis but was negative for pulmonary embolism.
Transvenous Pacemakers
Transvenous pacemakers placed in the emergency 
department should be assessed after placement using 
chest x-ray (Figures 5-193 through 5-197). Chest x-ray 
in this scenario performs several functions. First, it 
assesses for pneumothorax resulting from the insertion 
of the vascular catheter through which the pacemaker 
electrodes have been introduced. Second, it assesses 
the depth of insertion of the pacemaker electrode. Typi-
cally, this is a single electrical wire, terminating in the 
right ventricle to allow ventricular pacing. Ideally, the 
electrode should not be coiled or kinked. If extra loops 
of wire are present in the atria or ventricle, they may 
become a nidus for thrombus formation and may also 
induce premature ventricular contractions or other dys-
rhythmias from mechanical irritation of the ventricle. In 
some cases, the electrode may be found to have passed 
from the superior vena cava, through the right atrium, 
and into the inferior vena cava, rather than entering 
the right ventricle. Typically, this scenario would have 
been suspected from the failure of the transvenous 
pacemaker to achieve electrical capture of the ventricle. 
Although chest x-ray is important to assess for compli-
cations of the procedure, remember that the function of 
the transvenous pacemaker is more important than cos-
metic considerations on chest x-ray. Resist the urge to 
reposition a coiled but functioning pacemaker electrode 
until the patient has been stabilized. Repositioning a 
coiled electrode may disturb the contact of the electrode 
with the ventricle and could result in failure to capture.
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Figure 5-67. Pneumonia: Right 
upper lobe on computed tomo g-
raphy (CT) with IV contrast.  Same 
patient  as  Figure  5-66.  CT  images 
show  the  extent  of  parenchymal 
opacification.  Lung  windows  are 
shown;  the  soft-tissue  windows 
were  negative  for  pulmonary 
embolism. A, Axial CT lung window 
image.  B  and  C,  Coronal  CT  lung 
window images.



IMAGING THE CHEST: THE CHEST RADIOGRAPH 233
STRUCTURED AND SYSTEMATIC 
APPROACH TO CHEST X-RAY IMAGE 
INTERPRETATION
Now that we’ve reviewed basic principles of chest x-ray 
imaging, and features of pathologic conditions, we are 
ready to interpret the chest x-ray in a systematic fashion 
(Tables 5-8 and 5-9).
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Figure 5-68. Pneumonia: Bilateral (Streptococcus pneumoniae).  This 
58-year-old  female  with  a  history  of  multiple  myeloma  presented 
with  back  pain  and  dyspnea,  as  well  as  a  temperature  of  38.5°C  and 
tachycardia  to  150  beats  per  minute.  Her  chest  x-ray  shows  bilateral 
infiltrates, including nearly complete opacification of the left chest with 
an  obscured  left  heart  border.  Pulmonary  embolism  was  suspected,  as 
the patient had  just  returned from a  long flight, but  renal  insufficiency 
allowed  only  noncontrast  computed  tomography  (Figure  5-69),  which 
cannot  rule  out  thromboembolic  disease.  Her  urine  antigen  test  was 
positive  for  S. pneumoniae,  which  also  grew  from  blood  cultures.  The 
patient died of septic shock.
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Figure 5-69. Pneumonia: Bilateral (Streptococcus pneumoniae) on 
computed tomography (CT) lung windows.  Same patient as Figure 
5-68. On lung windows, dense infiltrates are seen in the right posterior 
lung and  lingula. Note how, even on CT, a  lingular  infiltrate hides  the 
left heart border. A clear air bronchogram with a  treelike  form  is  seen 
because of adjacent alveoli filled with fluid. See how the lingular infiltrate 
is tightly circumscribed along its posterior border by a pleural boundary.
Whenever possible, view the chest x-ray using low 
ambient light conditions. Radiologists have the benefit 
of dark-adapting for long periods and viewing x-rays 
under low-light conditions. Emergency physicians more 
often view x-rays in fully lit rooms or immediately after 
dimming the room lights, compromising the eye’s abil-
ity to adapt optimally. Nonetheless, using low light 
conditions can improve your ability to recognize subtle 
findings.

Assessing Chest X-ray Image Quality 
and Technique
Before beginning a systematic search of the chest x-ray 
image, look at the image as a whole to gain a general 
sense of the patient’s anatomy and positioning. Con-
sider the patient’s age and gender, as these create a con-
text and differential diagnosis for any imaging findings. 
This step is particularly important for a radiologist, who 
generally has not met or examined the patient. For the 
emergency physician, this step has generally occurred 
already during the history and physical examination, 
but taking a moment to refocus on these questions can 
be valuable.

Follow these basic steps to avoid errors in diagnosis 
(see Table 5-8). First, confirm that the image belongs to 
the patient in question. Second, confirm that the date of 
the image being viewed corresponds to the current or 
the desired date. Third, note the examination technique 
(e.g., PA or AP and supine or upright). As you have 
already discovered, a PA image gives a more accurate 
and less magnified view of the heart, so understanding 
which type of image you are viewing will help you to 
accurately assess heart size and mediastinal width. As 
discussed earlier, a supine film may not display air–fluid 
levels and may be less sensitive for detection of subdia-
phragmatic air, so the patient’s position at the time of the 
examination is important to assess. Assess for lordotic 
versus fully upright positioning. Lordotic positioning 
(positioning of the patient in only a semiupright posi-
tion, with the upper thorax leaning backward) results in 
more horizontal appearance of the upper ribs compared 
with the fully upright technique.

Next, confirm left and right orientation (Figure 5-198). 
The conventional orientation of the image is with the 
patient’s right side displayed on the left side of the 
screen or printed image, as if the examiner is facing the 
patient. The patient’s position and left–right orientation 
are usually identified by radiopaque markers placed 
on the x-ray detector at the time of image acquisition. 
Although left–right orientation may appear obvious 
because of the usual orientation of the heart within the 
chest, rare cases of dextrocardia may occur. In these 
cases, without skin markers to indicate orientation, 
the image might be falsely assumed to be reversed, 
potentially leading to patient injury—for example, by 
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erroneous placement of a thoracostomy tube on the 
wrong side of the patient. A more common human error 
may occur; an image may be loaded incorrectly into the 
digital radiography system, and erroneous labeling of 
the image is probably more likely than dextrocardia. 
Nonetheless, leave nothing to chance if questions exist 
about the patient’s anatomy. If necessary, repeat a chest 
x-ray to confirm the heart’s position.
Next, assess patient rotation. Rotation can create arti-
facts, such as apparent tracheal deviation or mediasti-
nal shift. In addition, rotation of the patient artifactually 
widens the mediastinum, simulating pathology. Occa-
sionally, rotation (an oblique view of the chest) is inten-
tionally used for diagnostic purposes, but this is rarely 
done in the emergency department. Rotation may be 
assessed by examining the position of the medial heads 
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Figure 5-70. Pneumonia: Left lower lobe.  A, Posterior-anterior  (PA) chest x-ray. B, Lateral chest x-ray. This 41-year-old  female presented with 
productive cough, dyspnea, subjective fever, and chills for 2 days. A, Her posterior–anterior chest x-ray appears essentially normal, although breast tissue 
overlies the lower lung fields, increasing their density. The heart and diaphragm borders are clear. B, On the lateral x-ray, increased density is seen in 
the retrocardiac region, consistent with left lower lobe pneumonia. The lateral chest x-ray may hold the only clues to diagnosis in some cases. Obtain a 
lateral x-ray when possible, and always inspect it carefully. The thoracic spine should become progressively more lucent as it approaches the diagram. 
Absence of this normal finding should suggest an infiltrate.
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Figure 5-71. Pneumonia: Left lower lobe infiltrate (Streptococcus pneumoniae).  A, Posterior-anterior (PA) chest x-ray. B, Lateral chest x-ray. This 
51-year-old female with a history of chronic obstructive pulmonary disease presented with 2 days of cough with yellow sputum, fever (38.0°C), and 
chills. Her chest x-ray shows a density in the left lower lung. A, On posterior–anterior chest x-ray, all but the most inferior heart border (apex) is visible, 
with clear diaphragms. B, The lateral chest x-ray unequivocally shows a density in the retrocardiac space overlying the thoracic spine. The thoracic spine 
should become progressively more lucent as it approaches the diagram. Absence of this normal finding should suggest an infiltrate. The patient tested 
positive for S. pneumoniae by urine antigen and blood cultures.



IMAGING THE CHEST: THE CHEST RADIOGRAPH 235
of the clavicles relative to one another. If the patient is 
rotated, the more anterior clavicle will appear medially 
displaced (see Figure 5-21). To simulate this effect, sit 
in a swiveling chair and place your fingertips on your 
sternoclavicular joints. Sit facing fully forward, and then 
rotate right and left. Imagine the change in the position 
of your clavicular heads if a chest x-ray were performed 
with you in these positions. In addition to shifting the 
position of the clavicular heads, the distance between 

left heart border
not visible

left diaphragm
remains visible

Figure 5-72. Pneumonia: Left upper lobe.  This  41-year-old  male 
with a history of hypertension and asthma failed outpatient pneumonia 
therapy. He presented with 6 days of  fever,  chills, and dyspnea with a 
rising white blood cell count to 31,000 per cubic millimeter despite oral 
azithromycin. His left chest appears almost completely opacified. The left 
heart border cannot be seen, although the left diaphragm is still faintly 
visible. A dense infiltrate or possible pleural effusion was considered. In 
the  upright  position,  a  pleural  effusion  would  be  expected  to  hide  the 
diaphragm, as pleural fluid shares the same density with the diaphragm. 
Additional  imaging  was  performed  to  evaluate  further  (Figures  5-73 
and 5-74).
the clavicular heads appears to narrow with an increas-
ing degree of rotation from a true frontal position. The 
apparent width of the mediastinum may also change 
with this adjustment in position.

Assess the adequacy of lung expansion–inspiratory 
effort, as this can affect the apparent density of lung tis-
sues and the size of pneumothoraces, as described ear-
lier. Ideally, the patient should have 10 visible ribs above 
the diaphragm.

As described earlier, the chest x-ray exposure should 
be assessed. An overexposed film appears excessively 
black, as the detector or x-ray film has been fully 
exposed by excess radiation. An overexposed film loses 
most soft-tissue detail, but bony structures may be pre-
served, as these dense objects prevent through transmis-
sion of some radiation. An underexposed film appears 
excessively white, as not enough radiation has been 
applied to the patient to be transmitted through to the 
detector or film to change the color from white to black. 
Modern PACS displays allow adjustment of brightness 
and contrast, to some degree alleviating these issues, 
but no amount of adjustment of brightness and contrast 
can eliminate problems from substantial overexposure 
or underexposure.

A final key step in interpretation of chest x-rays and 
other diagnostic imaging is to compare the current 
examination with previous images from the same 
patient. In some cases, a glaring abnormality on the cur-
rent examination may be found to be unchanged or even 
improved from prior examinations and therefore not the 
likely cause of current acute symptoms. Unnecessary 
diagnostic testing and therapeutic interventions may be 
prevented by such comparison. In other cases, a subtle 
abnormality on the current examination may prove to 
BA dense costophrenic
angle
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Figure 5-73. Pneumonia: Left 
upper lobe.  Same  patient  as 
in  Figure  5-72.  A,  Left  lateral 
decubitus  x-ray.  B,  Right  lateral 
decubitus  x-ray.  Decubitus  views 
were  obtained  in  an  attempt  to 
identify  an  effusion  if  present. 
No  significant  change  is  seen  in 
the  density  of  the  left  lung  with 
these  positional  changes.  The  left 
costophrenic angle appears slightly 
more  lucent  when  the  left  chest 
is  positioned  higher,  suggesting 
that  a  small  effusion  may  have 
contributed  to  its  density  when 
the  left  chest  is  down.  Computed 
tomography  was  performed  to 
further evaluate this (Figure 5-74).
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be new compared with prior images and thus cause for 
concern, with further diagnostic testing or treatments 
being indicated.

Systematic Search of the Chest X-ray
After assessing the chest x-ray image, conduct a system-
atic search of all regions of the image, rather than gazing 
at the image center and relying on peripheral vision to 
reveal abnormalities. Because the maximum image reso-
lution is obtained by centering an image on the fovea 
of your eye, centering your vision on each region of the 
chest x-ray in turn is necessary, in addition to taking an 
overall view of the image.
Many algorithms have been proposed for the systematic 
review of the chest x-ray. All share a common feature: 
they force the reader to analyze all major elements of 
the image comprehensively, rather than allowing an 
unstructured image review that may be prematurely 
terminated when an abnormality is seen. We have 
described in detail already the normal and pathologic 
appearance of many thoracic structures. Inspect each 
structure or region sequentially, using the mnemonic 
ABCDEFFL (Table 5-9). Do not allow yourself to com-
plete your interpretation until you have visited each 
letter of the mnemonic and performed an appropriate 
review of the findings.
A

dense lobar
consolidation
with air
bronchograms

B C
scant

pleural
effusion

Figure 5-74. Pneumonia: Left 
upper lobe on computed tomog-
raphy (CT) lung windows.  CT 
demonstrated dense consolidation of 
the  left upper  lobe and  lingula with 
air bronchograms. Only trace pleural 
fluid was seen. A, An axial slice at the 
level  of  the  superior  mediastinum. 
B, A slice through the middle of the 
heart.  C,  A  slice  through  the  lower 
heart.
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Figure 5-75. Pneumonia: Left lower lobe infiltrate.  A, Posterior-anterior (PA) chest x-ray. B, Lateral chest x-ray. This previ ously healthy 2-year-old 
presented with increased work of breathing. A, His chest x-ray shows increased density in the left chest, although the diaphragm and left heart border 
remain visible on the posterior–anterior x-ray. This suggests a left lower lobe pneumonia. This is confirmed by the lateral x-ray (B), which shows dense 
opacification in the entire retrocardiac space. The thoracic spine is completely hidden by this opacity.
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Figure 5-76. Pneumonia: Pedi-
atric, right upper lobe.  This 9-year
-old  female  presented  with  fever 
to 39.0°C and 4 days of cough with 
tachypnea.  Her  posterior–anterior 
chest  x-ray  (A)  shows  increased 
density in the right upper lobe, more 
impressive on the lateral view (B).
BA
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Figure 5-77. Pneumonia: Pediatric, 
bilateral versus asthma.  A, 
Posterior-anterior (PA) chest x-ray. 
B, Lateral chest x-ray. This 6-year-
old  female with a history of asthma 
had  been  admitted  recently  for  an 
asthma  exacerbation  and  returned 
with hypoxia to 80% on room air. B, 
Her lateral chest x-ray shows an area 
of increased density along the major 
fissure, interpreted by the radiologist 
as atelectasis. She has other streaky 
opacities on posterior–anterior x-ray 
(A). She improved with albuterol and 
steroids  and  was  not  treated  with 
antibiotics,  so  presumably  this  was 
not a case of bacterial pneumonia.
BA
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Figure 5-78. Pneumonia: Right 
lower lobe.  A,  Posterior-anterior 
(PA)  chest  x-ray.  B,  Lateral  chest 
x-ray.  This  66-year-old  female  with 
end-stage  renal  disease  presented 
with fever and right upper abdominal 
pain.  Her  chest  x-ray  shows  a  right 
lower  lobe  opacity,  best  seen  on 
the  lateral  x-ray  as  a  density  in  the 
retrocardiac  space.  Is  this  real?  A 
CT  scan  (Figure  5-79)  confirmed 
the  finding.  Does  it  represent 
pneumonia  or  atelectasis?  We  lack 
an  independent  gold  standard. 
The  patient’s  blood  cultures  grew 
Staphylococcus aureus,  and  she 
improved with antibiotic therapy.
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Figure 5-79. Pneumonia: Right 
lower lobe on CT lung windows. 
Same  patient  as  Figure  5-78.  CT 
was  performed  because  of  concern 
for  abscess,  as  the  patient  had 
abdominal  pain  and  an  indwelling 
dialysis  catheter  that  could  be  a 
source  for  bacteremia.  On  lung 
windows,  an  area  of  increased 
density  is  visible  in  the  right  lower 
lobe,  corresponding  to  the  area  of 
increased  density  on  her  lateral 
chest  x-ray  (Figure  5-78).  This  is 
likely  pneumonia—the  patient’s 
blood  cultures  grew  Staphylococcus 
aureus.  A,  Axial  view.  B,  Coronal 
view.
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Figure 5-80. Pneumonia: Pediatric, 
right middle lobe.  A,  Anterior-
posterior  (AP)  chest  x-ray.  B,  Lateral 
chest  x-ray.  This  12-month-old  was 
born at 31 weeks and pre sented with 
cough, tachypnea, and hypoxia to 85% 
when sleeping. The chest x-ray shows 
an  irregular  right  heart  border,  likely 
indicating  an  infiltrate  in  this  region. 
A,  On  frontal  projection,  the  right 
middle  lobe  abuts  the  heart,  and  an 
infiltrate  in this  location obscures the 
right  heart  border.  Incidentally,  the 
left diaphragm appears elevated, with 
the possibility of herniated abdominal 
contents.  This  is  also  seen  on  the 
lateral view (B).
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Figure 5-81. Pneumonia: Right 
middle lobe.  This  39-year-old 
presented  with  right-sided  chest 
pain, fever, chills, and a productive 
cough.  A,  Her  posterior–anterior 
chest  x-ray  shows  a  right  middle 
lobe opacity, even more impressive 
on  the  lateral view  (B)  as a dense, 
wedge-shaped  opacity  overlying 
the heart. This is a right middle lobe 
pneumonia. Notice how on the PA 
view  this  might  be  mistaken  for  a 
breast shadow, but the lateral view 
confirms the abnormality.
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Figure 5-82. Pneumonia: Pedia-
tric, right middle lobe.  This 4-year-
old female presented with 3 days of 
cough  and  upper  abdominal  pain. 
She was febrile and tachypneic in the 
emergency  department.  Her  chest 
x-ray  shows  bilateral  densities.  A, 
On  the  anterior–posterior  view,  the 
right  heart  border  is  obscured  by  a 
right  middle  lobe  opacity,  and  air 
bronchograms are visible just right of 
the  thoracic spine. B, On the  lateral 
view, the right middle lobe infiltrate 
is evident as a wedge-shaped density 
overlying the heart.
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Figure 5-83. Pneumonia: Right 
upper lobe.  This  87-year-old 
female  presented  for  placement 
of  a  peripherally  inserted  central 
catheter  (PICC)  for  treatment  of  a 
resistant Escherichia coli urinary tract 
infection. The patient had dementia 
and  denied  any  complaints.  Her 
chest  x-ray,  performed  to  assess 
the position of the PICC, showed a 
right  upper  lobe  opacity,  bounded 
inferiorly  by  the  minor  fissure. 
This  is  visible  on  both  the  frontal 
projection  (A)  and  the  lateral  (B) 
x-rays.
B

A

increased
right upper
lobe density

normal
thymus
gland

Figure 5-84. Pneumonia: Pedia-
tric, right upper lobe.  A,  Frontal 
projection  chest  x-ray.  B,  Lateral 
chest  x-ray.  This  5-month-old 
female was born at 23 weeks. She 
presented  with  respiratory  distress 
and hypoxia to 84% on room air. Her 
x-ray  shows  increased  density  in 
the right lung apex. Conservatively, 
this was interpreted and treated as 
pneumonia.  The  interpretation  is 
made more complex by the normal 
broad  mediastinum  of  young 
infants, which is due to the residual 
thymus.  The  increased  density  in 
the upper lobe may indicate upper 
lobe  collapse  as  well.  Note  the 
increased  upper  chest  density  on 
the lateral x-ray.
PEARLS AND PITFALLS OF CHEST X-RAY 
INTERPRETATION
Emergency physicians typically differ from radiologists 
in their interpretation approach. Emergency physicians 
ask a specific question when viewing a radiograph or 
other test, and they may stop their interpretation pre-
maturely once that question has been answered. For 
example, the emergency physician may ask, “Does this 
patient have pneumonia?” Once inspection of the lung 
parenchyma is completed, the emergency physician may 
fail to note subdiaphragmatic air—a surgical emergency. 
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Figure 5-85. Pneumonia: Pedia-
tric, right upper lobe.  A,  Frontal 
projection  chest  x-ray.  B,  Lateral 
chest x-ray. Same patient as Figure 
5-84. Follow-up x-rays the next day 
showed  increased  density  along 
the  right  heart  border,  suggesting 
progression  of  pneumonia.  Note 
the  increased  upper  chest  density 
on  the  lateral  x-ray  as  well.  On 
the  lateral  view,  the  retrosternal 
space appears dense because of the 
presence of the normal thymus.
B CA

Figure 5-86. Pertussis and PCP.  Both  pertussis  and  PCP  can  present  with  a  predominantly  interstitial  pattern  of  pneumonia  with  peribronchial 
cuffing. A and B, PA and lateral chest x-rays in a patient with pertussis. This 19-year-old male with sickle cell trait and short gut syndrome presented 
with  cough  and  emesis.  He  had  been  seen  multiple  times  in  the  emergency  department  over  the  past  3  weeks  for  moderately  productive  cough, 
diagnosed with bronchitis, and treated with azithromycin. His current presentation included 5 days of post-tussive emesis. His chest x-ray showed 
peribronchial cuffing and prominent interstitial markings but otherwise was near normal. His polymerase chain reaction test and cultures were positive 
for Bordetella pertussis, which does not typically cause a focal infiltrate on chest x-ray. Perhaps the most important point is to consider pertussis even with 
normal imaging findings when the clinical history is suggestive. Peribronchial cuffing is discussed in more detail in Figure 5-87. C, This 30 year old male 
with advanced AIDS presented with nonproductive cough and hypoxia. His chest x-ray shows a bilateral mixed alveolar and intertitial infiltrate pattern 
classic for PCP. Unfortunately, even a normal chest x-ray cannot exclude PCP.
Emergency physicians are thus subject to several impor-
tant interpretation pitfalls that can be anticipated and 
avoided by self-conscious application of a series of ques-
tions (Table 5-10).

SUMMARY
The chest x-ray is an inexpensive, rapid, and low-
radiation tool in emergency medicine, rich in diagnos-
tic information. Evidence-based guidelines can assist 
in appropriate use. Understanding basic principles of 
chest x-ray technique and interpretation can assist the 
emergency physician in making the correct diagnosis, 
avoiding pitfalls, and recognizing when more advanced 
imaging such as CT is needed. A systematic approach to 
interpreting the chest x-ray image is essential to avoid 
misdiagnosis.
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Figure 5-87. Pertussis and peribronchial cuffing.  Close-up from Figure 
5-86, B. What  is peribronchial  cuffing? Peribronchial  cuffing  is edema of 
bronchioles, resulting from diverse causes including asthma, viral illnesses, 
heart  failure,  and  pertussis.  The  bronchial  wall  becomes  thickened  and 
denser  from  edema  fluid.  Like  an  air  bronchogram,  this  creates  contrast 
with  the  air-filled  bronchiole  lumen,  making  it  more  visible.  Normally, 
bronchioles  are visible only when  they are oriented perpendicular  to  the 
image plane. They are thin-walled and appear as discrete circles in short-
axis cross section. When edema is present, the bronchiolar wall is thickened 
in cross section, and bronchioles may be seen in other orientations, such 
as long-axis cross section, because of their increased density.  Look at the 
close-up of the hilum, taken from the lateral x-ray in the prior figure. You 
will  see  one  bronchiole  in  short-axis  cross  section  and  several  others  in 
long-axis cross section. The density surrounding the air-filled lumen is the 
edematous bronchial wall.
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Figure 5-88. Aspiration pneumonitis: Reuben sandwich.  This 
elderly male patient was eating a Reuben sandwich when he had sudden 
respiratory  distress.  Friends  attempted  cardiopulmonary  resuscitation 
and the Heimlich maneuver and called 911. On emergency department 
arrival, the patient was in extremis. A Magill forceps was used to withdraw 
a  large  piece  of  roast  beef  from  the  patient’s  airway,  with  immediate 
improvement in the patient’s cyanosis and mental status. However, the 
patient  remained hypoxic. His chest x-ray shows an  infiltrate, which  is 
undoubtedly aspirated material, not an infectious process this soon after 
his event. Does aspiration have a unique appearance on chest x-ray? No, 
as we have discussed throughout this chapter, the appearance of tissues 
on x-ray is a function of density. Aspirated food material usually has soft-
tissue  density  (fluid  or  water  density),  and  the  inflammatory  response 
results  in  fluid  and  white  blood  cells  moving  into  affected  alveolar  air 
spaces. The appearance ultimately is no different from that of a bacterial 
infection of the same lung segment. Classically, gravity leads aspiration to 
affect the right lower lobe when it occurs in the upright position and the 
posterior segments of upper lobes and superior segments of lower lobes 
if the patient is supine. Aspiration in the prone position involves the right 
upper lobe—a classic feature in patients with severe alcohol intoxication. 
In reality, any lobe can be affected.
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Figure 5-89. Aspiration: Gasoline. 
A, Posterior-anterior (PA) chest x-ray. 
B, Lateral chest x-ray. This 23-year-
old  male  was  siphon ing  gasoline 
by  mouth  when  he  swallowed  a 
mouthful  of  gasoline  with  some  
inhalation. He coughed for approx-
imately  1  minute  after ward  and 
presented  with  right-sided  chest 
pain.  His chest x-ray shows a right 
middle  lobe  opacity  that  obscures 
the  right  heart  border  on  the 
posterior–anterior view (A). On the 
lateral  x-ray  (B),  some  increased 
density  overlies  the  heart.  Figure 
5-90  shows  progression  on  chest 
x-ray 24 hours later.
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Figure 5-90. Aspiration: Gaso-
line.  Same  patient  as  Figure  5-89. 
In  a  chest  x-ray  obtained  24  hours 
after  presentation,  his  right  middle 
lobe  infiltrate  has  progressed.  A, 
Posterior-anterior  (PA)  chest  x-ray. 
B, Lateral chest x-ray.
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Figure 5-91. Acute chest syndrome: Sickle cell anemia.  Acute  chest  syndrome  of  sickle  cell  anemia  does  not  have  a  single  pathognomonic 
appearance on chest x-ray. The condition is caused by microvascular sludging of sickled red blood cells, resulting in infarction of the lung from small 
vessel occlusion. In the face of parenchymal necrosis, fluid accumulates within alveoli, increasing the density of lung tissue from air density to soft-
tissue density (fluid density). The radiographic appearance is indistinguishable from that of other pneumonias. Because the infarction occurs in small 
vessels, the distribution of infarction is not in the territory of a large vessel as might be seen with pulmonary embolism, where infarction of an entire 
lung segment distal to the point of thrombotic occlusion may be seen. Thus the distribution of lung infiltrates in acute chest syndrome may be patchy 
or may follow a lobar distribution. Because alveoli fill with fluid, air bronchograms may be seen, as in bacterial pneumonia. Making the diagnosis even 
more indistinct, patients with sickle cell anemia may have bacterial pneumonia with negative blood and sputum cultures, so a pulmonary infection 
may be wrongly labeled as acute chest syndrome.  With these caveats, this x-ray is from a 24-year-old male with sickle cell anemia disease, presenting 
with fever and an oxygen saturation of 60% on room air. He improved with oxygen, fluids, and antibiotic administration, although antigen testing for 
Streptococcus pneumoniae, Legionella, and  influenza were negative, as were cultures.  A, The posterior-anterior  (PA) chest x-ray demonstrates patchy 
bilateral infiltrates. The right lower lobe shows particular density, and increased density is seen in the retrocardiac space on the lateral x-ray (B)—note 
the absence of the usual decrease in density toward the diaphragm (see text introduction to chest x-ray and text section on the spine sign).
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Figure 5-92. Possible tuberculosis or cavitary lesion.  A, Posterior-anterior (PA) chest x-ray. B, Lateral chest x-ray. This 72-year-old male with a 
history of heart transplant presented with cough and 30-pound weight loss. His chest x-ray shows a rounded lesion in his left lung on posterior–anterior 
view  (A). On  the  lateral view  (B),  this appears as  increased density near  the hilum. Given his  immunosuppressed status,  the differential diagnosis 
included tuberculosis, lung abscess, neoplasm, and fungal infection. He was readmitted for video-assisted thorascopic surgery and left upper lobe wedge 
resection. Pathology revealed only an organizing hematoma. Compare this x-ray with his CT in Figure 5-93.
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Figure 5-93. Tuberculosis or cavitary lesion.  Chest CT without IV contrast 
from the same patient as Figure 5-92. Soft-tissue (A) and lung (B) windows 
show a well-circumscribed rounded  lesion 4 cm  in diameter with an air–
fluid  level. Given his  immunosuppressed status,  the differential diagnosis 
included tuberculosis, lung abscess, neoplasm, and fungal infection. He was 
readmitted for video-assisted thorascopic surgery and left upper lobe wedge 
resection. Pathology revealed only an organizing hematoma.
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Figure 5-94. Tuberculosis or cavitary lesion.  A,  Posterior-anterior  (PA)  chest  x-ray.  B,  Lateral  chest  x-ray.  This  63-year-old  female  presented 
with weakness and hypotension. Her chest x-ray shows a right upper lobe infiltrate or mass—suspicious for malignancy or tuberculosis. The patient 
underwent bronchoscopy, but initial acid-fast bacilli (AFB) cultures and cytology were negative. She refused further workup and was lost to follow-up.
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Figure 5-95. Tuberculosis or cavitary lesion.  This 70-year-old male with 
chronic obstructive pulmonary disease presented with increasing dyspnea and 
cough  with  sputum  production.  He  had  a  history  of  incarceration  15  years 
prior. His chest x-ray shows a dense right upper lobe infiltrate with areas of 
cavitation, concerning for abscess, tuberculosis, or malignancy. Note how the 
lesion  stops  sharply  at  the  minor  fissure  inferiorly.  Computed  tomography 
was performed (Figure 5-96). The patient’s purified protein derivative test and 
acid-fast bacilli (AFB) cultures were negative.
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Figure 5-96. Tuberculosis or cavitary lesion.  Same patient as Figure 5-95. Chest CT without IV contrast shows dense consolidation of the right upper 
lobe, with air bronchograms and multiple cavitary regions with air–fluid levels. These may represent infected bullae, areas of necrotizing pneumonia 
and abscess formation, or tuberculous cavitation. CT cannot discriminate among these causes. Left column (A, C, E, G, I), axial slices viewed on lung 
windows, progressing from cephalad to caudad. Right column (B, D, F, H, J), axial slices at the same anatomic levels as A, C, E, G, and I viewed on soft 
tissue windows.
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Figure 5-97. Lung abscess.  A, 
Posterior-anterior  (PA)  chest 
x-ray.  B,  Lateral  chest  x-ray.  This 
58-year-old  male  complained  of  2 
weeks of abdominal pain and fever. 
He  noted  pleuritic  back  pain  with 
deep  inspiration.  A, His posterior–
anterior chest x-ray appears normal, 
and  once  again  the  lateral  x-ray 
provides  important  information. 
B,  On  the  lateral  view,  a  rounded 
density  overlies  the  lower  thoracic 
spine.  The  patient  also  grew 
methicillin  sensitive  Staphylococcus 
aureus  from  blood  cultures,  and 
chest  computed  tomography  was 
performed  to  further  evaluate  the 
lesion (Figure 5-98).
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Figure 5-98. Lung abscess.  Same 
patient  as  Figure  5-97.  Chest  CT 
with  intravenous  contrast  shows  a 
lung  abscess  located  immediately 
right of the thoracic spine. The thick 
rim  enhances  with  contrast,  giving 
it a brighter white appearance. The 
center  of  the  abscess  contains  fluid 
density (dark gray) with a tiny focus 
of  air.  This  abscess  corresponds  to 
the  retrocardiac  density  seen  on 
the  patient’s  chest  x-ray.  No  air–
fluid  level  was  seen  on  chest  x-ray 
because  the  abscess  contains  only 
small  gas  bubbles.  A,  Axial  slice 
viewed  on  soft-tissue  windows. 
B,  The  same  slice  viewed  on  lung 
windows. C, Close-up from A.
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Figure 5-99. Lung abscess.  A,  Posterior-anterior  (PA)  upright  chest  x-ray.  B,  Lateral  upright  chest  x-ray.  This  39-year-old  patient  presented  with 
cough, fever, and left-sided chest pain for the past 3 days, despite 5 days of antibiotic therapy for pneumonia. He admitted to daily alcohol use. His chest 
x-ray shows a definite left lung cavitary lesion with an air–fluid level, consistent with lung abscess. He underwent computed tomography (Figure 5-100) 
to further characterize this lesion. The patient was found to be human immunodeficiency virus positive with a CD4 count of 800. Two weeks after this 
presentation, the abscess began to drain spontaneously, with the patient coughing up grossly purulent material. Testing for tuberculosis was negative.
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Figure 5-100. Lung abscess.  Same 
patient  as  Figure  5-99.  Chest 
CT  without  IV  contrast.  A,  Lung 
windows.  B,  Same  slice  viewed  on 
soft-tissue  windows.  This  9-cm  left 
lung  abscess  has  a  thick  rind  and 
an  air–fluid  level.  The  patient  was 
treated with antibiotics and 2 weeks 
later  began  to  cough  up  grossly 
purulent sputum. Repeat CT showed 
a decreased air–fluid level suggesting 
spontaneous drainage of the abscess 
(Figure 5-101).
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Figure 5-101. Lung abscess.  Same 
patient  as  Figures  5-99  and  5-100. 
Chest  CT  without  IV  contrast. 
A,  Lung  windows,  B,  Soft-tissue 
windows.  This  chest  CT  was 
performed after 2 weeks of antibiotic 
therapy and showed a decreased air–
fluid  level  suggesting  sponta neous 
drainage  of  the  abscess  (compare 
with prior figure).
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Figure 5-102. Septic emboli.  This  72-year-old  male  with  end-stage 
renal  disease  requiring  hemodialysis  presented  with  fever  and  3  days 
of right axillary chest pain. A rounded nodular opacity is seen near the 
periphery of the right lung. Endocarditis with septic emboli was suspected, 
and chest computed tomography was performed (Figure 5-103).
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Figure 5-103. Septic emboli.  Chest CT with IV contrast from the same patient as Figure 5-102, viewed on lung windows. A, B, Adjacent axial slices at the 
level of the proximal aorta and pulmonary artery. C, A more caudad slice through the heart. Multiple peripheral nodules are seen in the slices shown, labeled 
with small arrows. This is consistent with septic emboli, although metastatic disease could have the same appearance and cannot be differentiated on CT. 
However, the patient had no known primary malignancy, and his clinic course suggests that these were indeed septic emboli. The patient’s blood cultures 
became positive for coagulase-negative Staphylococcus epidermidis and Enterococcus faecalis. He subsequently developed a septic ankle requiring washout in 
the operating room. His echocardiogram showed no valvular vegetations, and his dialysis catheter was removed, as it was the suspected source of infection.
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TABLE 5-6.  Chest X-ray Findings of Pulmonary Edema

Finding Description
Cephalization Pulmonary vascular markings are redistributed to upper lung zones on an 

upright x-ray.

Cardiomegaly The ratio of the heart to the  greatest transverse rib cage has a diameter >0.5.

Pericardial effusion This may simulate cardiomegaly, but a water-bottle appearance is classically 
present.

Interstitial edema Fluid appears in interstitial regions of the lung.

 •  Peribronchial cuffing Thickening of the walls of bronchioles is seen when viewed end-on, perpendicu-
lar to the chest x-ray plane.

 •  Kerley B lines Parallel fine lines extend from the pleural surface into the subpleural lung, espe-
cially in lung bases, thought to result from thickened interlobular septa.

Alveolar fluid with or without air  
bronchograms

Air bronchograms prove the presence of alveolar fluid. Their absence does not 
disprove the presence of alveolar fluid. Air bronchograms do not result from 
pleural effusion alone.

Pleural effusion, including fluid within lung 
fissures

Right-sided pleural fluid is more common than left when a unilateral effusion 
occurs from heart failure.
TABLE 5-7.  Chest X-ray Techniques and Artifacts 
That May Simulate Pulmonary Edema

Technique or Artifact Effect
Supine technique Mimics cephalization 

and cardiomegaly

AP technique Mimics cardiomegaly

Poor inspiratory effort 
or hypoinflated lungs

Mimics interstitial edema 
and prominent pulmonary 
vascularity

Underexposure, e.g., 
in the obese patient

Mimics interstitial edema 
and pulmonary vascular 
congestion
BA

Figure 5-104. Cardiomegaly.  A, 
Posterior-anterior  (PA)  chest 
x-ray.  B,  Lateral  chest  x-ray.  This 
previously healthy 40-year-old male 
presented  with  2  weeks  of  cough, 
sputum production, subjective fever, 
and  mild  dyspnea.  His  chest  x-ray 
was interpreted by the radiologist as 
showing  borderline  cardiomegaly, 
mild  left  suprahilar  opacity,  and 
questionable  retrocardiac  opacity. 
He  was  treated  with  moxifloxacin 
and discharged home.  Is  this  chest 
x-ray  remarkable?  Is  cardiomegaly 
really  present?  The  heart  occupies 
slightly more than half of the right-
to-left  diameter  of  the  chest  on 
posterior–anterior  view.  Compare 
with  Figures  5-105  through  5-109. 
When  available,  always  compare 
the chest x-ray with prior images to 
detect subtle changes.
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Figure 5-105. Cardiomegaly with 
cephalization.  Same  patient  as 
Figure  5-104.  A,  Posterior-anterior 
(PA)  chest  x-ray.  B,  Lateral  chest 
x-ray.  The  patient  returned  to  the 
emergency  department  for  similar 
symptoms  13  days  after  his  initial 
visit.  He  was  diagnosed  by  the 
emergency physician with bronchitis 
and discharged. The radiology report 
notes  stable  cardiomegaly  and  mild 
pulmonary  edema.  Is  the  heart 
size  really  unchanged?  Notice  how 
the  pulmonary  vascular  markings 
are  prominent  in  the  upper  lung 
fields. This redistribution of vascular 
markings is called cephalization and 
is  an  early  finding  of  pulmonary 
edema.
A B

Figure 5-106. Cardiomegaly.  Same 
patient as Figures 5-104 and 5-105. A, 
Posterior-anterior  (PA)  chest  x-ray. 
B,  Lateral  chest  x-ray.  The  patient 
returned  again  7  days  later  (20  days 
after  his  initial  presentation).  He 
continued  to  complain  of  cough, 
and  his  vital  signs  were  notable  for 
tachycardia to 130 and a temperature 
of 38.3°C. An interval increase in heart 
size  was  noted  by  the  emergency 
physician, and a viral cardiomyopathy 
was  suspected.  The  x-ray  shows 
increased  cardiomegaly  with  some 
increased vascular markings, suggest-
ing  mild  pulmonary  edema  with 
cephvalization.
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Figure 5-107. Cardiomegaly.  Two  days  after  Figure  5-106,  the  patient  is 
in  the  cardiac  intensive  care  unit.  The  heart  appears  slightly  larger  on  this 
view, although the supine anterior–posterior technique may exaggerate any 
difference. Notably, the patient has a right internal jugular catheter that curls 
into the right pulmonary artery—a Swann-Ganz catheter  for measurement 
of  pulmonary  capillary  wedge  pressures.  In  addition,  a  radiopaque  marker 
below the aortic knob marks an intra-aortic balloon pump.
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Figure 5-108. Cardiomegaly.  Same patient as Figure 5-107, 6 days later. A, Frontal projection chest x-ray. B, Lateral chest x-ray. The patient now 
has a left ventricular assist device implanted in the abdomen. This device pumps blood from the left ventricle to the ascending aorta. Bilateral pleural 
effusions are present, masking the diaphragms. Infiltrates representing edema are also present. Remarkably, the patient received a heart transplant 6 
weeks later and did well. Review Figure 5-109.
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Figure 5-109. Cardiomegaly pro gression.  This series illustrates the progression of cardiomegaly in the same patient as Figures 5-104 through 5-108 
over a period of 30 days. Notice the increase in heart size over this period, the increased cephalization of vascular markings, and the development of 
bilateral effusions and frank pulmonary edema as you move from A to E.  When interpreting a chest x-ray, always compare with prior x-rays if available. 
A finding on the most recent x-ray may turn out to be old and thus unlikely to be the cause of acute symptoms. Or a subtle finding on the current x-ray 
may represent a significant change from prior x-rays and thus be important.
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Figure 5-110. Cardiomegaly: Ejection fraction of less than 15% and no pericardial effusion.  This 40-year-old woman with a known dilated 
cardiomyopathy  and  an  ejection  fraction  of  less  than  15%  presented  with  1  week  of  fatigue  and  orthopnea.  A,  Her  chest  x-ray  on  the  day  of  her 
emergency department presentation. The heart is massively enlarged, occupying more than two thirds of the lateral diameter of the chest. Her lung 
fields appear relatively clear. Her right costophrenic angle is not blunted, though her left is difficult to evaluate because of the overlying heart. Does she 
have a pericardial effusion? Chest x-ray cannot firmly discriminate cardiomegaly from pericardial effusion, but none was seen on echocardiogram the 
same day. B, Days later, the patient was intubated in the cardiac intensive care unit with gross pulmonary edema. The chest x-ray shows diffuse bilateral 
opacities. Notice how the left and right heart borders, as well as both hemidiaphragms, are obscured. During this hospitalization, the patient required 
placement of a left ventricular assist device.
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Figure 5-111. Cardiomegaly: Mild pulmonary edema.  A, Posterior-anterior (PA) chest x-ray. B, Lateral chest x-ray. This 25-year-old male with 
end-stage renal disease presented with mild dyspnea. His chest x-ray shows a markedly enlarged cardiac silhouette. No significant pulmonary edema 
is present—notice that the costophrenic angles are not blunted and the heart borders are fairly clear. Some densities at the right lung base may be 
atelectasis or mild edema. Notice how  these  intermittently mask  the  right heart border  in A. Echocardiogram the same day showed moderate  left 
ventricular  hypertrophy,  no  pericardial  effusion,  and  an  ejection  fraction  greater  than  55%.  An  enlarged  cardiac  silhouette  on  chest  x-ray  can  be 
compatible with cardiomegaly, pericardial effusion, or a combination of both. Because pericardial fluid, myocardium, and blood within the heart share 
the same fluid density on x-ray, they cannot be distinguished. Sometimes pericardial fluid gives the heart a globular “water bottle” appearance, but 
this is unreliable. Echocardiography can reliably identify pericardial fluid. In addition, an enlarged heart on chest x-ray does not always correlate with a 
depressed ejection fraction on echocardiogram, as was the case with this patient.
Figure 5-112. Cardiomegaly: Bilateral atrial enlargement and 
ejection fraction greater than 55%.  This  89-year-old  female  with  a 
history of heart  failure and atrial fibrillation presented with 2 weeks of 
increasing dyspnea and orthopnea. She reported sitting up to sleep. Her 
chest x-ray shows significant cardiomegaly, with enlargement of the left 
atrium and appendage and right atrium. Her heart size was not increased 
compared  with  prior  x-rays,  and  her  chest  x-ray  actually  shows  less 
edema than in the past. Notice how the right diaphragm is quite clear, 
with no blunting of the costophrenic angle. The left costophrenic angle 
is less clear because of the overlying heart, but the diaphragm can still be 
seen. An echocardiogram the same day showed biatrial enlargement, an 
ejection fraction greater than 55%, and no pericardial effusion. Although 
this is a very abnormal chest x-ray, another cause for her acute dyspnea 
should be considered.
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Figure 5-113. Cardiomegaly: Mild pulmonary edema, mild pericardial effusion, and ejection fraction greater than 55%.  This 50-year-old with 
human immunodeficiency virus, chronic obstructive pulmonary disease, and end-stage renal disease presented with 2 days of dyspnea (A). She reported 
missing dialysis for a week. Her chest x-ray shows significant cardiomegaly —or is this a pericardial effusion? Chest x-ray cannot reliably discriminate 
the enlarged cardiac silhouette of cardiomegaly from pericardial effusion. Increased densities at the right and left lung bases appear consistent with 
mild pulmonary edema, although overlying soft tissue may be a contributor. Her echocardiogram on this date showed left ventricular hypertrophy, 
an ejection fraction greater than 55%, and a mild pericardial effusion. A year later, the patient was seen for a similar complaint (B). The heart size is 
unchanged, although increased fullness of the hilum bilaterally suggests a greater degree of volume overload. Notice how the heart borders are clearer 
in A than in B. In both cases, the patient felt better after dialysis.
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Figure 5-114. Cardiomegaly and thoracic aneurysm in Marfan syndrome.  This 24-year-old patient with Marfan syndrome presented with dyspnea 
(A). His heart appears markedly dilated, as does his aortic root and arch. His ejection fraction at this time was estimated at 10% by magnetic resonance 
imaging. No effusion was seen, despite the globular heart shape. This is a dilated cardiomyopathy. His lung fields, heart borders, and hemidiaphragms 
appear clear, without evidence of pulmonary edema. B, Three years earlier. Compare the heart size and aortic contour at this time, before progression 
of his disease. Sternotomy wires are visible, as the patient had already undergone mitral valve repair.
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Figure 5-115. Congestive heart failure: Ejection fraction of less 
than 15% and mild pericardial effusion.  This  45-year-old  male  with 
a  history  of  hypertension  reported  chronic  dyspnea,  worse  in  the  last 
week. His blood pressure was 190 systolic with bilateral  lower extremity 
edema.  Although  his  cardiac  silhouette  is  enlarged,  his  diaphragm  and 
heart borders are clear without evidence of pleural effusions. His superior 
pulmonary vascular markings are increased, a finding called cephalization 
that is an early marker of increased pulmonary vascular volume and heart 
failure.  An  echocardiogram  was  preformed,  showing  global  hypokinesis 
with  an  ejection  fraction  of  less  than  15%—decreased  from  45%  on 
echocardiogram 3 years prior. Only a mild pericardial effusion was seen, 
indicating that the majority of the increased heart size seen on x-ray is due 
to true cardiomegaly.
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Figure 5-116. Congestive heart failure: Mild left ventricular hypertrophy with restricted filling, ejection fraction greater than 55%, and 
no pericardial effusion.  This 63-year-old male with coronary artery disease, chronic renal sufficiency, and diastolic heart  failure (ejection fraction 
greater than 55%) presented multiple times for dyspnea A, B, and C, first through third clinical presentation. Each of these three x-rays shows signs 
of moderate pulmonary edema. The diaphragms and costophrenic angles are clear, suggesting no pleural effusion. The right heart border in all three 
images is indistinct because of interstitial edema in these locations. Portions of the left heart border are also indistinct. The upper lung fields have a hazy 
appearance indicating mild edema. Fluid is visible in the minor fissure on all three images. Does the similarity of these x-rays mean that edema is not 
the cause of the patient’s dyspnea? No, he simply presented with pulmonary edema on all three occasions.
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Figure 5-117. Pulmonary edema.  A, Anterior-posterior (AP) chest x-ray. B, Close-up from A. This 53-year-old female with end-stage renal disease 
missed dialysis and presented to the emergency department. Her examination demonstrated bilateral rales. Her x-ray shows mild cardiomegaly, bilateral 
interstitial opacities, and cephalization of the pulmonary vascular markings. The minor fissure appears thickened. These findings are consistent with 
pulmonary edema. In addition, peribronchial cuffing is present. As discussed elsewhere, this is a nonspecific thickening of the bronchial wall that can 
occur from edema in the setting of heart failure, asthma, viral illness, or even infections such as pertussis. The thickened wall appears white, whereas 
the air-filled bronchiole appears black and has a circular short-axis cross section.
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Figure 5-118. Congestive heart failure (CHF) with pulmonary edema.  This 56-year-old male with hypertension and CHF presented with 2 weeks 
of dyspnea, orthopnea, paroxysmal nocturnal dyspnea, and diaphoresis. His blood pressure was 200/90 with an oxygen saturation of 98% on room air 
when upright but 90% when supine.  A, On emergency department presentation, the patient had evidence of pulmonary edema with prominent hilar 
markings, indicating full main pulmonary arteries. Streaky lower lung interstitial markings and peribronchial cuffing (small panel, close-up from A) are 
present. B, Two days later, these appear slightly worse. C, One month later, the patient has improved and has crisper diaphragms, clearer lung fields, 
and less prominent hilar fullness.
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Figure 5-119. Pulmonary edema. 
Same  patient  as  in  Figure  5-118. 
A,  Frontal  projection  chest  x-ray. 
B,  Close-up  from  A.  Pulmonary 
edema  is  an  important  finding  to 
recognize,  so  take a moment with 
this x-ray. Note the hazy upper lung 
fields,  the  dense  lower  lungs  with 
prominent  interstitial  markings, 
and the indistinct hemidiaphragms 
and heart borders. B, Peribronchial 
cuffing is also present.
Figure 5-120. Pulmonary edema, resolved.  Same  patient  as  Figure 
5-119, 1 month later. Note the clear diaphragms and heart borders, the 
decrease in vascular markings in the upper lungs, and the resolution of 
lower lung interstitial markings and peribronchial cuffing.
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Figure 5-121. Postpartum congestive heart failure or community-acquired pneumonia?  This 31-year-old  female was 3 days postpartum and 
presented with acute dyspnea and inspiratory chest pain with a nonproductive cough. She was tachypneic and tachycardic, with an oxygen saturation 
of 90% on room air. Postpartum cardiomyopathy, pneumonia, and pulmonary embolism were each considered. A chest computed tomography (CT) 
scan was performed and was negative for pulmonary embolism. An echocardiogram showed an ejection fraction greater than 55% with no pericardial 
effusion. A, Her anterior-posterior (AP) upright chest x-ray shows diffuse opacities  in the right mid-thorax and lower thorax, which mask the right 
heart border and diaphragm. She has a more normal-appearing left lung. Compare this with the chest CT image (B), viewed on lung windows. On the 
CT image, air bronchograms are present, with opacification of alveoli surrounding the bronchi. A suggestion of this is seen on chest x-ray. Can frank 
pulmonary edema be discerned from infectious infiltrate on chest x-ray or CT? Both processes lead to fluid accumulation in alveoli, resulting in similar 
fluid density on either imaging modality. Air bronchograms can occur with either pulmonary edema or infection, as these are the result of fluid in alveoli, 
regardless of the causes. In this case, the marked asymmetry is more suggestive of infection, as the left lung appears quite normal on CT. The patient 
improved with antibiotic therapy.
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Figure 5-122. Congestive heart failure, postpartum: Ejection fraction 
of less than 15%, no pericardial effusion.  This 33-year-old female was 
brought  to  the emergency department after being found unresponsive. 
Her chest x-ray shows cardiomegaly, with the possibility of a pericardial 
effusion.  Both  costophrenic  angles  appear  slightly  blunted,  suggesting 
at  least  small pleural effusions. The right  lung base appears somewhat 
dense,  possibly  indicating  edema;  the  left  base  is  hidden  behind  the 
heart. Vascular markings are prominent in the upper lung fields. Sadly, 
the  patient  was  found  to  have  a  postpartum  cardiomyopathy.  Her 
echocardiogram  showed  an  ejection  fraction  of  less  than  15%  with  no 
pericardial effusion. She had left ventricular thrombus—the source of a 
large ischemic stroke that caused her unresponsive state.
globular cardiac silhouette
suggesting large pericardial
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Figure 5-123. Massive pericardial effusion and tamponade.  This 
23-year-old male has a history of aortic valve replacement for  infective 
endocarditis.  He  presented  with  increased  chest  pain  and  dyspnea. 
His  chest  x-ray  shows a globular  cardiac  silhouette,  suggesting a  large 
pericardial effusion. The lung fields and right costophrenic angle appear 
clear, although the left costophrenic angle is hidden behind the heart and 
cannot be assessed. The patient underwent chest computed tomography 
to evaluate his aorta, as he complained of  severe  interscapular pain as 
well (see Figure 5-125). Also see Figure 5-124, which compares his pre- 
and post-operative chest x-rays.
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Figure 5-124. Massive pericardial 
effusion and tamponade.  Same 
patient  as  Figure  5-123.  His 
preoperative  (A)  and  postoperative 
(B)  chest  x-rays  are  shown  from 
his  aortic  valve  replacement. 
These preceded his presentation  in 
Figure 5-123.
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Figure 5-125. Massive pericardial effusion.  Same  patient  as  Figures 
5-123  and  5-124.  The  patient  underwent  chest  computed  tomography 
(CT)  without  (A)  and  then  with  (B)  intravenous  contrast  to  evaluate  his 
aorta, which was normal. However, the CT confirmed a massive pericardial 
effusion  surrounding  a  normal-appearing  heart.  Without  contrast,  note 
that  fluid  blood  within  the  chambers  of  the  heart  has  a  slightly  lower 
density  than  the  pericardial  effusion,  which  has  a  density  more  similar 
to  that  of  myocardium.  When  contrast  is  administered,  the  ventricular 
chambers  fill  completely,  and  the  myocardium  enhances  and  becomes 
somewhat  brighter  than  the  surrounding  pericardial  effusion.  The  heart 
itself is outlined by a thin stripe of fat, which appears nearly black on soft-
tissue  windows.  The  patient  developed  hypotension,  suggesting  cardiac 
tamponade,  and  pericardial  window  was  performed  for  drainage  of  the 
effusion. In the operating room, the effusion was found to be coagulated 
blood.
B
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ure 5-126. Massive pericardial effusion and tamponade.  This  35-year-old  female  with  a  history  of  pulmonary  fibrosis  treated  with 
lophosphamide was brought to the emergency department by emergency medical services with a systolic blood pressure of 60mm Hg and a heart 
e  of  178  beats  per  minute.  She  complained  of  dyspnea.  Her  chest  x-ray  (A)  showed  an  enlarged  and  indistinct  heart,  with  the  suggestion  of  a 
ural effusion given the hazy appearance of  the  left hemithorax. The emergency physician suspected pulmonary embolism given her  tachycardia 
d hypotension. B, CT with IV contrast was performed, showing no pulmonary embolism but a large pericardial effusion, which was causing cardiac 

ponade. Interestingly, echocardiogram 2 hours before the CT scan was read as showing “trivial pericardial fluid.” However, based on the CT, the 
tient underwent  left anterior  thoracotomy, pericardial window, drainage of hemopericardium, and evacuation of  intrapericardial fibrin clots. Her 

ptoms  resolved.  Echocardiogram  is  the  usual  modality  for  assessment  of  pericardial  fluid.  The  patient’s  body  habitus  likely  interfered  with  an 
urate transthoracic echocardiogram.
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ure 5-127. Pericardial effusion and tamponade (patient underwent pericardial window).  This 58-year-old lung transplant patient presented 
th 1 day of gradual dyspnea and cough. The patient had recently been admitted with Pseudomonas bacteremia and pulmonary embolism, was treated 
ultaneously with ciprofloxacin and coumadin, and had an INR of 2.5.  Initial chest x-ray (A) was read as normal. Chest computed tomography (Figure 
28) was negative for pulmonary embolism but showed a moderate pericardial effusion. The patient was admitted but then developed increased 

ricardial fluid (B) with pericardial tamponade requiring pericardial window. Remember that pericardial tamponade does not require a large volume 
ricardial effusion. Chest x-ray can be relatively  insensitive for pericardial fluid. Consider bedside echocardiogram to assess for pericardial fluid  in 
tients with dyspnea, chest pain, or hypotension.
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Figure 5-128. Pericardial effusion 
and tamponade.  Same  patient  as 
Figure 5-127. The patient’s chest CT 
with  IV  contrast  shows  a  moderate 
pericardial  effusion.  On  soft-tissue 
windows,  unenhancing  fluid  such 
as  pericardial  or  pleural  effusions 
appears  as  an  intermediate  gray. 
The  pericardial  effusion  surrounds 
a  nearly  black  band,  which  is 
pericardial  fat  (fat  is nearly black on 
soft-tissue  windows).  Within  this 
lies the heart itself—the myocardium 
enhances with contrast and appears 
somewhat brighter than the effusion. 
A, B,  Axial  slices  through  the  heart 
viewed  on  soft-tissue  windows.  C, 
Close-up from A.
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Figure 5-130. Pericardial effusion 
and tamponade.  Same  patient 
as  Figure  5-129.  Chest  CT  with  IV 
contrast.  The  patient  has  a  large 
pericardial effusion. A, Axial CT slice 
just  below  the  aortic  arch,  viewed 
on  soft-tissue  windows.  B,  A  more 
caudad slice.

BA enlarged cardiac silhouette

Figure 5-129. Pericardial effusion. 
A,  Posterior-anterior  (PA)  chest 
x-ray.  B,  Lateral  chest  x-ray.  This 
62-year-old  female  with  end-stage 
renal  disease  on  dialysis  presented 
with  dyspnea,  not  improved  with 
dialysis.  Her  cardiac  silhouette  is 
enlarged.  Is  this  cardiomegaly, 
pericardial  effusion,  or  perhaps 
both?  Chest  x-ray  cannot  reliably 
discriminate  between  the  two. 
Her  echocardiogram  showed  a 
moderate  pericardial  effusion  and 
an  enlarged  heart  with  an  ejection 
fraction  greater  than  55%.  She 
also  underwent  chest  computed 
tomography (Figure 5-130).



262 DIAGNOSTIC IMAGING FOR THE EMERGENCY PHYSICIAN
BA
enlarged cardiac silhouette

Figure 5-131. Cardiomegaly: Ejection fraction of 35% and mild pericardial effusion.  A, Anterior-posterior (AP) chest x-ray. B, Lateral chest x-ray. 
This 32-year-old female presented with right chest pain and dyspnea for the past few hours. She reported a history of mitral valve prolapse and had 
recently returned from a long car ride, greater than 16 hours. Does her x-ray give any hint of these abnormalities? Her heart appears enlarged, though 
chest x-ray cannot determine whether this is cardiomegaly or pericardial effusion. Chest computed tomography was performed to rule out pulmonary 
embolism (Figure 5-132) and discriminates these two findings. On bedside echocardiogram by the emergency physician, she was found to have a mild 
pericardial effusion and severe mitral regurgitation. Her ejection fraction was estimated at 35%. The patient was admitted and underwent mitral valve 
replacement.

Figure 5-132. Cardiomegaly or pericardial effusion?  Computed 
tomography  scout  image  from  the  same  patient  as  Figures  5-131  and 
5-133 again shows an enlarged cardiac silhouette. It is not clear from this 
view whether cardiomegaly or pericardial effusion is at play.
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Figure 5-134. Pericardial effusion and cardiomegaly.  Same patient as in Figure 5-133. Here, a small pericardial effusion is visible in a dependent 
position deep to the left ventricle. The ventricle appears quite dilated as well. The pericardial fluid is dark gray and does not enhance with intravenous 
contrast (compare A, without contrast, and B, with contrast). The myocardial wall does enhance and becomes visible in B.
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Figure 5-135. Pericardial effusion and cardiomegaly.  Same patient as in Figure 5-134. Lower in the chest, the pericardial effusion appears larger. 
The pericardial fluid is dark gray and does not enhance with intravenous contrast (compare A, without contrast, and B, with contrast). The myocardial 
wall does enhance and becomes visible in B.
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Figure 5-133. Cardiomegaly.  Chest CT from the same patient as Figures 5-131 and 5-132, without (A) and with (B) contrast. In these images, the heart 
appears significantly enlarged without a pericardial effusion. Without contrast, blood within the chambers of the heart are difficult to distinguish from 
myocardium. When contrast is injected, the chambers become an intense white, whereas the myocardium enhances somewhat.
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Figure 5-136. Pleural effusions or elevated hemidiaphragm?  A, Anterior-posterior (AP) upright chest x-ray. B, Lateral upright chest x-ray. This 
52-year-old male with renal insufficiency and heart failure presented with increasing lower extremity edema and dyspnea. The patient was also febrile 
on emergency department arrival. His chest x-ray shows a density overlying the right lower chest. Remember that for diagnostic imaging findings, a 
differential diagnosis exists. On the anterior–posterior x-ray, this density is fluid density—it is indistinguishable from the appearance of the liver and 
diaphragm. It may be an elevated diaphragm, a subpulmonic pleural effusion, or a dense right lower lobe infiltrate. It appears to form a meniscus with 
the lateral chest wall, which supports pleural effusion. On lateral x-ray, the density is again seen and has a sharp and horizontally oriented upper margin. 
This suggests pleural fluid, although the minor fissure also represents a horizontal boundary in this location. This differential diagnosis can easily be 
explored with bedside ultrasound, which could confirm pleural effusion, or with decubitus x-rays that may show layering fluid. Superior to the density 
we described is a second less discrete density, which may represent an infiltrate. Increased density is also seen on the lateral x-ray behind the heart and 
overlying the lower thoracic spine.
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Figure 5-137. Pleural effusions.  A, Frontal projection upright chest x-ray. B, Lateral upright chest x-ray. This 59-year-old female recently underwent 
aortic valve replacement for bicuspid valve and presented with progressive shortness of breath and fever. Her chest x-ray shows a large left pleural 
effusion that obscures the left heart border and diaphragm on frontal view. It forms a meniscus with the lateral chest wall, another common feature of 
pleural effusions. On lateral chest x-ray, the posterior costophrenic angle is blunted, and a fluid meniscus is seen posteriorly.
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Figure 5-138. Pleural effusions.  Same patient as in Figure 5-137. The patient underwent decubitus x-rays to further delineate her pleural effusions. 
A, Left lateral decubitus chest x-ray. B, Right lateral decubitus chest x-ray. Decubitus views are named for the side positioned down. An x-ray obtained 
with the right side down is a right decubitus view. In the case of this patient, the left pleural effusion is seen to layer along the lateral chest wall in the left 
decubitus view—compare with the upright view in Figure 5-137, which shows the upper lateral left chest to be clear. On the right decubitus view, fluid 
fills the minor fissure, indicating that fluid is also mobile in the right pleural space. A meniscus remains visible in the left thorax on the right decubitus 
view, suggesting partial loculation of the left pleural effusion. Note that the lung in the nondependent position looks more lucent in these examples as 
fluid drains to a dependent position. The nondependent lung also is better aerated, with less atelectasis and less overlying soft tissue.
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Figure 5-139. Pleural effusions.  A, Posterior-anterior (PA) upright chest x-ray. B, Lateral upright chest x-ray. This 62-year-old female with metastatic 
non–small cell lung cancer presented with 2 weeks of increasing dyspnea. Her chest x-ray shows a large left pleural effusion, which obscures the left 
heart border and diaphragm on the posterior–anterior view (A). On the lateral view (B), a fluid level  is visible. Remember that pleural effusion can 
accompany many other disease processes. For this patient, malignant effusion, infection, heart failure, and effusion related to pulmonary embolism 
should be considered. Chest x-ray cannot directly differentiate these. The right chest has no effusion and provides a good comparison of a normal 
diaphragm and costophrenic angle.
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Figure 5-140. Pleural effusions.  Same patient as in Figure 5-139. An 
ultrasound of the chest was performed in preparation for thoracentesis. 
The  large black region  is pleural fluid. Lung tissue  is seen deep to  this 
and has echo characteristics similar  to abdominal solid organs because 
it  is atelectatic because of the pleural effusion. Thoracentesis should be 
possible here with little risk of pneumothorax, because 10 cm of pleural 
fluid separates the chest wall and lung in this location.
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Figure 5-141. Pleural effusions.  A, Upright frontal projection chest x-ray. B, Upright lateral chest x-ray. This 49-year-old female with a history of 
breast cancer metastatic to bone and liver presented with shortness of breath and left-sided pleuritic chest pain. Her chest x-ray shows several findings, 
including a left upper lung opacity and bilateral large pleural effusions. The pleural effusions blunt the costophrenic angles and form meniscuses with 
the  lateral chest walls on the posterior–anterior view. On the  lateral view, pleural fluid fills  the posterior recess. The  infiltrate  is also visible on the 
lateral x-ray. Given the clinical history, many causes for the pleural effusions must be considered, including malignant effusion, pulmonary embolism, 
heart failure, and infection. The infiltrate also may represent infection, metastatic disease, or pulmonary infarction. This is a reminder to consider the 
differential diagnosis for chest x-ray findings.
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Figure 5-142. Pleural effusions.  Chest ultrasound was performed before 
thoracentesis.  The  black  collection  is  pleural  fluid.  The  white  echogenic 
curve is the diaphragm, and beneath that lies the liver. An atelectatic lung 
is visible as well, 10 cm deep  to  the chest wall. Thoracentesis  should be 
performed with little danger of pneumothorax.
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Figure 5-143. Pleural effusions. 
A,  Anterior-posterior  (AP)  upright 
chest  x-ray.  B,  Lateral  upright  chest 
x-ray.  This  71-year-old  female 
presented with dyspnea on exertion 
and  had  a  history  of  sick  sinus 
syndrome and ischemic heart failure. 
A  large  right  pleural  effusion  hides 
the right heart border and diaphragm 
on  the  anterior–posterior  view. 
The  left  costophrenic  angle  is  also 
hidden,  although  it  is  impossible  to 
determine the size of the left pleural 
effusion as the left heart also overlies 
this area. On the  lateral chest x-ray, 
a  fluid  level  is  visible  overlying  the 
heart,  corresponding  to  the  pleural 
effusions  seen  on  the  AP  view.  The 
posterior diaphragmatic recess is also 
filled with fluid.
Figure 5-144. Pleural effusions. 
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A,  Posterior-anterior  (PA)  chest 
x-ray.  B,  Lateral  chest  x-ray.  This 
48-year-old  female  with  end-stage 
renal disease and a history or aortic 
dissection  repair  presented  to  the 
emergency  department  from  clinic 
for  transfusion.  She  denied  chest 
pain  or  increased  dyspnea.  Her 
chest  x-ray  shows  slight  blunting 
of  the  right  costophrenic  angle, 
with  a  large  left  pleural  effusion 
visible  on  the  posterior–anterior 
x-ray.  The  left-sided  effusion 
forms  a  classic  meniscus  with  the 
lateral  chest  wall.  The  lateral  x-ray 
shows  a  large  pleural  effusion.  In 
addition, the major fissure is readily 
visible  because  of  fluid  tracking 
within  it.  The  mediastinum  has  an 
abnormal  contour  and  is  widened. 
Abnormalities  of  the  aorta  and 
mediastinum are discussed in detail 
elsewhere.
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Figure 5-145. Pleural effusions.  A, Posterior-anterior (PA) upright chest x-ray. B, Lateral upright chest x-ray. This 54-year-old female presented with 
sudden onset right upper abdominal pain while exercising. Her chest x-ray shows bilateral pleural effusions on the posterior–anterior (PA) view, with 
the right forming a classic meniscus with the right chest wall. Fluid is also seen in the minor fissure on both the PA and the lateral views. On the lateral 
x-ray, fluid is also seen entering the major fissure. Is the pleural effusion the cause of the patient’s pain? What is the cause of the effusion? Chest x-ray 
does not answer these questions, and a careful differential diagnosis is required based on the history and physical examination. Premature closure based 
on the chest x-ray findings could lead to failure to diagnosis an underlying cause, such as pulmonary embolism, malignancy, heart failure, or abdominal 
pathology with sympathetic pleural effusion.
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Figure 5-146. Pleural effusions.  This 71-year-old female with a history of atrial fibrillation presented with generalized weakness. Her primary care 
physician had also noted decreased breath sounds on the left. A, Her upright frontal projection chest x-ray shows a normal right chest with a clear 
costophrenic angle and right heart border. The left heart border and diaphragm are hidden by pleural effusion, which shares the same water density on 
x-ray. Note the classic meniscus formed between the pleural effusion and the left chest wall. B, On the lateral x-ray, pleural fluid is seen tracking into the 
major fissure and filling the posterior diaphragmatic recess. The effusion was aspirated but grew no organisms and had negative cytology.
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Figure 5-147. Pleural effusions.  A, Posterior-anterior  (PA) chest  x-ray. B, Lateral  chest  x-ray. This 30-year-old male with  lung cancer presented 
with fever, dyspnea, and right chest pain. His chest x-ray shows a large right pleural effusion, as well as opacities of the upper lung that may indicate 
lymphangitic spread of tumor or superimposed infiltrate. How can pleural effusion be discriminated from dense pneumonia in the lower lung? Again, 
decubitus x-rays could demonstrate shifting fluid, or ultrasound could be used to evaluate. Computed tomography can discriminate pleural fluid from 
infiltrated lung as well. On x-ray, the presence of air bronchograms would indicate that the alveoli surrounding air-filled bronchi were opacified. A 
pleural effusion does not create air bronchograms. The absence of air bronchograms does not prove that this is a pleural effusion, because fluid or tumor 
infiltration of bronchi can eliminate air bronchograms even when alveolar opacification is present.
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Figure 5-148. Pleural effusions.  A, Posterior-anterior (PA) upright chest x-ray. B, Lateral upright chest x-ray. This 44-year-old male presents with 
2 weeks of cough, left chest pain, and dyspnea on exertion. Five months earlier, he had sustained a pneumothorax and several left-sided rib fractures. 
His chest x-ray shows a blunted left costophrenic angle with a meniscus along the left chest wall on posterior–anterior view. On the lateral x-ray, a 
meniscus and increased density are visible in the retrocardiac region overlying the lower thoracic spine. Some fluid is visible in the major fissure as well. 
Though the most likely cause may be residual hemothorax from his trauma, the patient was a heavy smoker and computed tomography was performed 
to exclude an underlying mass (Figure 5-149). Pulmonary embolism was also considered.
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Figure 5-149. Pleural effusions. 
Same patient as Figure 5-148. A, CT 
with IV contrast, axial slice viewed 
on  soft-tissue  windows.  B,  Same 
slice  viewed  with  lung  windows. 
A moderate  left pleural effusion  is 
seen. Computed  tomography  (CT) 
cannot  discriminate  the  cause  of 
a  pleural  effusion,  other  than  by 
excluding parenchymal masses and 
pulmonary  emboli.  The  density 
of  pleural  fluid  can  be  measured 
on  CT,  but  this  is  relatively 
nonspecific, as blood, serous fluid, 
and infected pleural fluid can have 
overlapping densities. Aspiration of 
pleural fluid  for  cytology,  cultures, 
and  chemical  testing  is  necessary 
to  further  delineate  the  cause.  No 
pulmonary emboli or masses were 
found on the patient’s CT.
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Figure 5-150. Pleural effusions. 
A,  Anterior-posterior  (AP)  upright 
chest  x-ray.  B,  Lateral  upright 
chest  x-ray.  This  85-year-old  male 
presented  with  new  right  facial 
weakness  and  slurring  of  speech. 
His chest x-ray shows a large right 
pleural  effusion  that  obscures  the 
right heart border  and diaphragm. 
This  is  visible  on  the  lateral  chest 
x-ray as well. The patient has taken 
a  very  small  inspiration—notice 
how high the diaphragm is on the 
left  on  the  AP  view  and  on  the 
lateral  x-ray.  Low  lung  volumes 
make  the  lungs  look  denser 
because of the crowding together of 
blood vessels.
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Figure 5-151. Pleural effusions. 
A,  Frontal  projection  upright  chest 
x-ray. B, Lateral upright chest x-ray. 
This  60-year-old  female  presented 
with  chest  pain  and  dyspnea.  She 
had  undergone  coronary  artery 
bypass  and  grafting  2  weeks  prior 
and had noted some swelling of her 
leg  near  the  site  of  her  saphenous 
vein harvest. Her chest x-ray shows 
a left pleural effusion with blunting 
of  the  costophrenic  angle  and  a 
meniscus.  Computed  tomography 
was performed because of concern 
for  possible  pulmonary  embolism 
(Figure 5-152).



IMAGING THE CHEST: THE CHEST RADIOGRAPH 271

A B

pleural
effusions

dense
lung
tissue

loculated right
anterior pleural

effusion

Figure 5-152. Pleural effusions.  Same patient  as Figure 5-151. CT with  IV  contrast was negative  for pulmonary embolism but  showed bilateral 
pleural effusions, including a loculated right anterior effusion that did not move with gravity. A, Lung windows. B, Same slice viewed on soft-tissue 
settings. On lung windows, the dependent lung appears denser—this is likely due to compressive atelectasis from the adjacent pleural effusions.
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Figure 5-153. Pneumopericardium.  A, Posterior-anterior (PA) chest x-ray. B, Lateral chest x-ray. This 8-year-old female presented with acute onset 
of coughing the previous night. She was hypoxic to 90% on room air. Her chest x-ray shows evidence of pneumopericardium. Look carefully at the 
diaphragm on the posterior–anterior view. Normally, the diaphragm cannot be seen beneath the heart, because both structures are water density on 
chest x-ray. In this case, the diaphragm can be seen because a thin stripe of air in the pericardial sac separates the heart and the diaphragm. This is called 
the continuous diaphragm sign. A fine ribbon of lucent air also outlines the left heart border. On the lateral view, a thin stripe of air is visible as a linear 
lucency anterior to the heart. Linear lucencies in the neck are subcutaneous emphysema originating in the mediastinum. What happened to this patient? 
She likely has asthma exacerbated by a viral infection, given the hyperinflated anterior–posterior diameter of her chest on x-ray and the streaky opacities 
around her hilum. Coughing or bronchospasm against a closed glottis can force air into the mediastinum and pericardium.
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Figure 5-154. Pneumopericar dium and pneumomediastinum: Close-up views from Figure 5-153.  A, PA view. B, Lateral view. A, Air is visible 
between the inferior wall of the heart and the diaphragm, two structures that are normally indistinguishable on x-ray because they share the same 
density. This is called the continuous diaphragm sign. B, Air is also visible anterior to the heart on the lateral image.
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Figure 5-155. Pneumopericar dium.  Same patient as Figures 5-153 and 5-154, the following day. A, Posterior-anterior (PA) chest x-ray. B, Lateral 
chest x-ray. The continuous diaphragm sign is still present, because of air creating contrast between the otherwise similar densities of the soft tissues of 
the heart and the diaphragm. Air is visible in the soft tissues of the shoulders. On the lateral x-ray, air is clearly visible anterior to the heart and along 
the anterior aspect of the great vessels of the mediastinum.
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Figure 5-156. Pneumopericardium.  Close-ups from Figure 5-155. A, PA view. B, Lateral view. The continuous diaphragm sign and air in the anterior 
mediastinum are present. Subcutaneous air is visible within the soft tissues of the left shoulder.
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Figure 5-157. Esophageal rupture: Boerhaave’s syndrome.  This  55-year-old  male  has  metastatic  colon  cancer,  for  which  he  had  undergone 
mediastinal  irradiation. The patient had an esophageal stent placed and subsequently  removed 4 weeks ago  for a stricture because of a metastatic 
lesion. He now presents with persistent coughing and emesis,  tachycardia  to 118, and hypoxia  (pulse oximetry 83% on room air).  Chest x-ray  (A) 
demonstrates a right middle  lobe infiltrate and right-sided pleural effusion. These findings are nonspecific but should be recognized in this clinical 
setting as potential findings of esophageal perforation, not simply pneumonia with associated pleural effusion. Unrecognized esophageal perforation 
may lead to mediastinitis and death. Consider the diagnosis of esophageal perforation in a patient with a history of forceful coughing or emesis, or a 
history of instrumentation of the esophagus. Chest x-ray may be normal or may show infiltrate, pleural effusions, pneumothorax, pneumomediastinum, 
or  subcutaneous  emphysema.  A  Gastrografin  swallow  study  (B)  shows  contrast  beyond  the  borders  of  the  esophagus  (arrowheads),  indicating  an 
esophageal perforation. Although less sensitive than barium swallow, Gastrografin swallow is the preferred initial study to confirm the diagnosis, as 
Gastrografin is less reactive than barium if leaked into the pleural space or mediastinum. If high suspicion remains after a negative Gastrografin study, 
barium swallow or contrast-enhanced computed  tomography scan should be ordered.  Broad-spectrum antibiotics and early cardiothoracic surgery 
consult are the mainstays of initial treatment for esophageal perforation; nonoperative therapy with tube drainage of fluid collections is an emerging 
therapy.  The patient underwent pigtail catheter thoracostomy and esophageal stent placement in the operating room with subsequent recovery.
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Figure 5-158. Subcutaneous emphysema.  Figure 5-156 showed subtle subcutaneous emphysema in the context of pneumopericardium. This patient 
presented with massive and increasing subcutaneous emphysema after a right thoracoscopic upper lobectomy for a stage I non–small cell lung cancer. 
Increasing  subcutaneous  emphysema  after  a  procedure  suggests  an  ongoing  air  leak  from  the  respiratory  tract  and  should  prompt  a  search  for  a 
pneumothorax. This patient was treated with a chest  tube for a right apical pneumothorax, visible  in C.  A, Posterior–anterior view. Air  is visible  in 
the chest wall, including the axilla, and in the subcutaneous tissues of the neck.  B, Lateral view, showing dramatic subcutaneous air anterior to the 
sternum.  C, Close-up from A shows air dissecting between fibers of the pectoral muscles. The pleural line associated with a right-sided pneumothorax 
is also faintly visible.
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Figure 5-159. Lung mass presenting with hemoptysis.  A,  Posterior-anterior  (PA)  chest  x-ray.  B,  Lateral  chest  x-ray.  This  83-year-old  female 
presented with hemoptysis of a quarter-sized clot. Her posterior–anterior chest x-ray shows a rounded right lower lobe density. On the lateral view, this 
is visible in the retrocardiac space. This density measures 7.6 cm in diameter. Pneumonia, neoplasm, or abscess could have this appearance on chest 
x-ray. Computed tomography was performed to further delineate the pathology (Figure 5-160).
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Figure 5-160. Lung mass presenting with hemoptysis.  Same  patient  as  in  Figure  5-159.  Noncontrast  computed  tomography  was  performed 
(contrast was withheld as a consequence of  the patient’s  renal dysfunction) and shows a 6 by 6 cm round  lesion abutting the oblique fissure (also 
called the major fissure) and lateral chest wall. A, Soft-tissue windows. B, Lung windows. On soft tissues windows, the center appears slightly darker, 
indicating lower density that may represent central necrosis. If IV contrast had been given, an area of necrosis would have failed to enhance. Infection 
or infarction is technically possible, but a pulmonary neoplasm is the most likely explanation for this lesion. Biopsy showed this to be a moderately 
differentiated squamous cell carcinoma.
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Figure 5-162. Lung mass.  Same 
patient as Figure 5-161. Computed 
tomography  was  performed  the 
same  day;  images  are  shown  with 
lung  windows.  Two  separate 
processes  are  present  here.  A, 
Evidence  of  pneumonia  is  present, 
with  a  “tree  in  bud”  appearance 
(C,  close-up).  The  opacities  have 
a  ground-glass  appearance  with 
lobular  sparing,  which  in  an 
immunocompromised  host  could 
suggest  Pneumocystis carinii.  (now 
called  Pneumocystis jirovecii)  This 
patient actually was found to have a 
CD4 count of 1667, essentially ruling 
out  opportunistic  infection.  B, 
A  lobulated  mass  is  seen  in  the 
left  upper  lobe,  consistent  with 
neoplasm.

Figure 5-161. Lung mass.  This  48-year-old  with  asthma  and 
human  immunodeficiency  virus  was  brought  to  the  emergency 
department  by  emergency  medical  services  with  dyspnea,  fever, 
productive cough, and wheezing. Her chest x-ray shows opacities 
in  the  bilateral  lower  lung  fields,  partially  obscuring  the  right 
diaphragm,  compatible with pneumonia. Apparently  incidentally, 
along  the  margin  of  the  left  mediastinum  and  aortic  knob  is  a 
rounded left upper lobe opacity, concerning for a mass. The patient 
was  treated  with  ceftriaxone  and  azithromycin  for  pneumonia, 
with resolution of her lower lung opacities, but the mass persisted. 
Testing for pneumocystis pneumonia and tuberculosis was negative. 
The mass was biopsied and was found to be adenocarcinoma.
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Figure 5-163. Lung mass.  A, Posterior-anterior (PA) chest x-ray. B, Lateral chest x-ray. This 59-year-old male with stage IIIB non–small cell  lung 
cancer presented with an episode of hemoptysis during which he expectorated approximately 1⁄2 mL of blood mixed with sputum. On the posterior–
anterior view, the patient’s mass is present just above the minor fissure and has caused volume loss in the right upper lobe. Retraction of the right upper 
lobe like an accordion has pulled the minor fissure cephalad (remember, the minor fissure should be a thin horizontal line on the frontal chest x-ray). 
On the lateral view, the mass extends to the major fissure. Although technically an upper lobe pneumonia could be associated with mucous plugging 
and atelectasis with volume loss, these findings should suggest an associated mass. If the clinical history suggests pneumonia, with fever, cough, and 
sputum production, treat for possible postobstructive pneumonia—but arrange follow-up imaging to evaluate for an underlying mass. See additional 
chest x-rays from this patient, Figures 5-164 and 5-165.
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Figure 5-164. Lung mass presenting with hemoptysis.  Same patient as Figure 5-163. A, Posterior-anterior (PA) chest x-ray. B, Lateral chest x-ray. 
This chest x-ray preceded his cancer diagnosis. On this occasion, he presented with chest pain and was diagnosed with a right upper lobe pneumonia. 
Note the volume loss, indicated by elevation of the minor fissure on the posterior–anterior view. On the lateral view, the density is bounded inferiorly 
by  the major fissure. The  radiologist diagnosed  right upper  lobe pneumonia but appropriately  recommended “radiographic  follow-up  to complete 
resolution.” The lesion failed to resolve completely, leading to the diagnosis of lung cancer.
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Figure 5-166. Metastatic disease with cannonball emboli.  A,  Posterior-anterior  (PA)  chest  x-ray.  B,  Lateral  chest  x-ray.  Any  neoplasm  with 
hematogenous spread to lung can form so-called cannonball emboli. These are small tumor emboli that shower the lungs, implant, and then grow in 
situ. The characteristic appearance is of scattered, rounded, bilateral lung opacities. Septic emboli from endocarditis could have a similar appearance. The 
primary neoplasm cannot be determined from the radiographic appearance. As these lesions grow, they can become confluent and lose their rounded 
shape.  This  66-year-old  female  with  metastatic  non–small  cell  lung  cancer  and  rectal  carcinoma  presented  with  right  upper  back  pain  and  upper 
extremity paresthesias. Review her CT images in Figure 5-167.
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Figure 5-165. Lung mass.  Same patient as Figures 5-163 and 5-164. A, Posterior-anterior (PA) chest x-ray. B, Lateral chest x-ray. Two years later, 
the patient has progression of his cancer and has continued chest pain. The lesion has caused more volume loss in the right upper lobe. Not only is the 
minor fissure pulled cephalad, but the trachea is also deviated to the right. The right diaphragm is now elevated as well because of right lung volume 
loss. A subpulmonic effusion is also possible.
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Figure 5-167. Metastatic disease 
with cannonball emboli.  Same 
patient as Figure 5-166. CT with IV 
contrast, viewed on lung windows. 
A,  B,  and  C  are  axial  slices  at 
various  levels  through  the  chest, 
depicting  the  extent  of  metastatic 
disease.  Some  of  the  lesions  have 
undergone  central  necrosis  and 
have air–fluid levels (remember, air 
is  black  on  lung  windows).  Septic 
emboli  from  endocarditis  could 
result  in small  lung abscesses with 
an identical appearance.
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Figure 5-168. Metastatic disease 
with cannonball emboli.  A, 
Posterior-anterior  (PA)  chest 
x-ray.  B,  Lateral  chest  x-ray.  This 
46-year-old female with metastatic 
cervical  cancer  presented  with 
lower  extremity  weakness  and 
gait difficulty. Her x-ray shows the 
same pattern of scattered, rounded, 
bilateral,  fluffy  densities  as  in  the 
previous  patient,  a  hallmark  of 
metastatic tumor emboli.
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Figure 5-169. Metastatic disease 
with cannonball emboli.  Same 
patient  as  Figure  5-168.  The 
patient’s chest CT with IV contrast 
shows  numerous  rounded  lung 
densities  consistent  with  diffuse 
metastatic  disease.  Some  have 
lower  density  centers  (darker  gray 
on lung windows), consistent with 
central  necrosis.  A, B,  and  C,  axial 
slices  at  various  levels  through 
the  chest  depicting  the  extent  of 
metastatic disease, viewed on lung 
windows.
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Figure 5-170. Metastatic disease 
with cannonball emboli.  A, 
Posterior-anterior  (PA)  chest  x-ray.  
B, Lateral chest x-ray. This 27-year-
old female with metastatic pancreatic 
cancer  presented  with  fever.  Her 
fever workup  included a chest x-ray 
that shows metastatic disease  in the 
same pattern as the previous figures, 
with  multiple  scattered,  rounded, 
bilateral lung densities.
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Figure 5-171. Metastatic disease 
with cannonball emboli.  Same 
patient  as  Figure  5-170.  The 
patient’s chest CT with IV contrast 
shows the same pattern of scattered 
bilateral  rounded  lung  lesions, 
characteristic  of  metastatic  tumor 
emboli.  Tiny  emboli  shower  the 
lungs,  implant,  and  grow.  Some 
have  lower-density  centers, 
suggesting  central  necrosis.  The 
rounded  appearance  occurs  from 
concentric  growth  of  a  clone  of 
tumor cells. A-C, Axial slices viewed 
on lung windows, progressing from 
cephalad to caudad.
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Figure 5-172. Metastatic 
disease with cannonball 
emboli.  A,  Posterior-anterior 
(PA)  chest  x-ray.  B,  Lateral 
chest  x-ray.  This  patient  with 
metastatic  osteosarcoma  has  the 
classic  appearance  of  pulmonary 
metastatic  disease,  with 
innumerable  rounded,  bilateral 
nodules.  These  occur  as  tumor 
cells  are  carried  hematogenously 
to  the  lungs,  implant,  and grow. 
Nodules  of  different  sizes  may 
have seeded at different times.
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Figure 5-173. Metastatic disease with cannonball emboli.  Same patient as Figure 5-172. A, Chest CT with  IV contrast,  axial  image viewed on 
lung windows. B, Same image viewed on soft-tissue windows. Here, confluent metastatic lesions are creating a unique problem: the left pulmonary 
artery  is  surrounded  and  compressed.  Compare  the  diameter  of  the  right  and  left  pulmonary  arteries.  Consider  if  this  patient  were  to  undergo  a 
ventilation–perfusion (VQ) scan for suspected pulmonary embolism. Extrinsic compression of a pulmonary artery can create VQ mismatch, resulting in 
a false-positive result for thrombotic pulmonary embolism.  Another feature of these lesions is internal calcifications, although a noncontrast computed 
tomography would demonstrate this more clearly. The white markings within the lesions are calcium deposits, not injected contrast material.
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Figure 5-174. Metastatic disease 
with cannonball emboli.  Same 
patient  as  Figure  5-172  and 
5-173.  The  right  pulmonary  artery 
remains patent despite encroaching 
metastatic lesions. A, Chest CT with 
IV  contrast,  axial  image  viewed 
on  lung  windows.  B,  Same  image 
viewed on soft-tissue windows.
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Figure 5-175. Metastatic disease 
with cannonball emboli: Testicular 
cancer.  Previously  healthy  22-year-
old  male  presenting  in  respiratory 
distress.  A,  Anterior-posterior  (AP) 
chest  x-ray  showed diffuse  cannon-
ball  emboli.  These  are  so  extensive 
that they are becoming confluent. On 
examination, he was noted to have a 
previously  undiagnosed  testicular 
mass.  B,  Posterior-anterior  (PA) 
chest  x-ray  obtained  months  later, 
the patient has shown a response to 
chemotherapy, albeit incomplete.
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Figure 5-176. Wide mediastinum.  This  64-year-old  male  presented 
with  interscapular  back  pain,  chest  pain,  and  neck  pain.  Chest  x-ray 
shows  a  wide  mediastinum  with  an  indistinct  right  heart  border  and 
medial right diaphragm, corresponding to possible infiltrates in the right 
middle and lower lobes. Is this a pleural effusion? The right costophrenic 
angle is not blunted. What is your interpretation? Compare this with the 
posterior–anterior and lateral chest x-ray in Figure 5-177 and the CT in 
Figure 5-178.
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Figure 5-177. Wide mediastinum.  Same patient as Figure 5-176. A, Posterior-anterior (PA) chest x-ray. B, Lateral chest x-ray. The PA chest x-ray 
shows  a  bizarre  mediastinal  contour,  wide  at  the  top  and  even  more  so  near  the  diaphragm.  Without  other  clinical  information,  an  appropriate 
interpretation could be densities overlying the right heart border and right medial diaphragm, corresponding to the right middle and lower lobes. On 
the lateral view, the retrocardiac space appears dense, without the normal increase in lucency of the thoracic spine approaching the diaphragm (the 
spine sign). Computed tomography was performed for evaluation of the aorta and mediastinum (Figure 5-178).
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Figure 5-178. Liposarcoma of mediastinum.  Same patient as Figures 5-176 and 5-177. His chest x-ray showed a wide mediastinum. A-C, Chest CT 
with IV contrast, axial images viewed on soft-tissue windows. A through C progress from cephalad to caudad. His CT showed a normal aorta—a wide 
mediastinum is not synonymous with aortic pathology. Instead, a large mediastinal mass surrounding the aorta was found. This mass is fat density—
compare with subcutaneous fat on the same images. The mass surrounds the esophagus and displaces the heart anteriorly. It also surrounds the trachea 
and esophagus and displaces the main bronchi. Look back at the chest x-rays in the prior two figures. The mediastinal silhouette is more understandable 
with the CT findings in mind.
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Figure 5-179. Mediastinal mass with superior vena cava syndrome.  A, Posterior-anterior (PA) chest x-ray. B, Lateral chest x-ray. This 39-year-
old healthy female presented with 1 week of bilateral neck pain, shortness of breath, and lightheadedness. She also noted enlarging neck veins a few 
days prior. Her chest x-ray shows prominence in both hila on the posterior–anterior view. The lateral view shows soft-tissue density in the retrosternal 
space anterior  to  the heart—suspicious  for an anterior mediastinal mass. Compare  this with Figures 5-16 and 5-17, which show both normal and 
abnormal retrosternal spaces. Also compare with Figure 5-183, where hilar masses are present on the frontal projection, but the lateral x-ray shows 
a clear retrosternal space. The clinical presentation suggests either superior vena cava syndrome or a pericardial effusion. The heart size is normal on 
this chest x-ray, and the other findings suggest an anterior mediastinal mass with superior vena cava syndrome. Chest CT from the patient is shown in 
Figure 5-180.
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Figure 5-180. Mediastinal mass with superior vena cava (SVC) syndrome because of extrinsic compression.  As suggested by the chest x-ray in 
Figure 5-179, this patient has an anterior mediastinal mass. Chest CT with IV contrast, viewed on soft-tissue windows. A, A single complete axial slice 
is shown for context. The remaining slices have been cropped to focus on the mass and great vessels. B through E progress from cephalad to caudad. 
Between the sternum and the ascending aorta lies a large soft-tissue mass. This is extrinsically compressing the SVC to a slit, explaining the patient’s 
dilated neck veins. Compare with the next case, which shows internal thrombosis of the SVC, also causing SVC syndrome. Biopsy here confirmed diffuse 
large B cell lymphoma, primary mediastinal.
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Figure 5-181. Superior vena cava (SVC) syndrome.  A, Posterior-anterior  (PA) chest  x-ray. B, Lateral  chest  x-ray. This 75-year-old  female with 
Mycobacterium avium and subsequent bronchiectasis presented with 2 days of  increasing swelling  in  the  face and dilatation of her neck veins. The 
presentation suggests SVC syndrome or large pericardial effusion impairing venous return to the chest. However, on her chest x-ray, the heart size 
appears normal and the mediastinum appears normal in size, making mediastinal mass less likely. The trachea does appear deviated on the posterior–
anterior view, which can be a sign of a mediastinal mass. On the lateral view, the retrosternal space is clear, making anterior mediastinal mass unlikely. 
The patient has a portacath in the right chest. A chest CT was performed to assess further (Figure 5-182).
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Figure 5-182. Superior vena cava (SVC) syndrome from internal thrombosis of the SVC.  Same patient as in Figure 5-181.  Chest CT with IV 
contrast, viewed on soft-tissue windows. A, Single full axial slice is shown for context. C, The image outlined in a dashed line is a cropped view from 
the full slice (A). The other views are cropped and enlarged to focus on the great vessels. B through E progress from cephalad to caudad. Her CT shows 
thrombosis of the SVC at the point at which her portacath tubing enters from the right subclavian vein—note the absence of contrast within the SVC. 
The portacath tubing is visible as a bright white circle, surrounded by thrombus. F, Cephalad to the entry of the catheter, the internal jugular veins are 
patent and contrast filled—in fact, dilated because of the obstructed SVC. Not shown, the SVC becomes visible again below the level of thrombosis and 
is filled with contrast. Compare this case with the prior case of SVC syndrome from extrinsic compression (Figures 5-179 and 5-180).
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Figure 5-183. Lymphoma versus sarcoidosis.  A, Posterior-anterior (PA) chest x-ray. B, Lateral chest x-ray. This 31-year-old male presented with 
hematuria,  suprapubic  abdominal  pain,  nausea  and  vomiting,  and  nonproductive  cough.  Chest  x-ray  showed  bilateral  hilar  and  suprahilar  lymph 
nodes. On the posterior–anterior and lateral views, these are seen as densities outlining the trachea and main bronchi. The anterior mediastinum does 
not appear to be involved, as a normal lucency persists anterior to the heart on the lateral x-ray. The differential diagnosis includes sarcoidosis and 
lymphoma. Computed tomography was performed (Figure 5-184). The patient’s workup was consistent with sarcoidosis.
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Figure 5-184. Lymphoma versus sarcoidosis.  Same patient as Figure 5-183, where chest x-ray shows bilateral hilar lymphadenopathy. A, Soft-tissue 
windows. B, Lung windows. The patient’s chest CT without IV contrast shows soft-tissue densities consistent with lymph nodes near both hila. The right 
lymph node has a central area of decreased (fluid) density, consistent with necrosis. The air collection adjacent to the left lymph node can be tracked 
through adjacent CT slices and is actually a branch of the left main bronchus, not an air–fluid level in the lymph node. Importantly, no other mediastinal 
nodes are seen, and the remainder of the patient’s CT of the chest and abdomen was negative for other adenopathy. His workup was consistent with 
sarcoidosis, not lymphoma.
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Figure 5-185. Hiatal hernia.  A, Anterior-posterior (AP) chest x-ray. B, Lateral chest x-ray. This 82-year-old female with chronic obstructive pulmonary 
disease presented with 10 days of cough and dyspnea. Her heart rate was 129 with a temperature of 38.2°C and an oxygen saturation of 92% on room 
air. Her chest x-ray shows an air–fluid level overlying the heart on the anterior–posterior view and behind the heart on the lateral view. The patient 
is severely kyphotic. Consider  the normal mediastinal anatomy. The esophagus  lies  in  the posterior mediastinum behind the heart and anterior  to 
the aorta. Note the absence of a gastric air bubble in the left upper quadrant. The mass with the air–fluid level in this case is a hiatal hernia. CT was 
performed to rule out a pulmonary abscess, given the patient’s fever and respiratory symptoms (Figure 5-186). A gastric volvulus could have a similar 
appearance and could be evaluated with barium swallow.
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Figure 5-186. Hiatal hernia.  CT with IV contrast, viewed on soft-tissue 
windows.  Compare with the chest x-ray from the same patient in Figure 
5-185. This image is taken at the level of the left atrium, which lies just 
anterior to the air- and fluid-containing structure—a hiatal hernia. Just 
left of the stomach is herniated fat (compare with subcutaneous fat).
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Figure 5-187. Esophageal foreign bodies (coin).  A, Frontal projection chest x-ray. B, Lateral chest x-ray. This 11-month-old child developed cough 
and irregular breathing and was thought to have ingested a foreign body. Chest x-ray shows a disc-shaped object with the classic appearance of an 
esophageal coin. This had the dimensions of a nickel and was removed with a coin forceps under general anesthesia.  Typically, coins in the esophagus 
orient themselves en face in the frontal plane so that they appear circular like an “O” on frontal chest x-ray (think of the British spelling oesophagus). 
Naturally, they appear linear on lateral x-ray. Tracheal coins tend to orient themselves in a midsagittal plane, apparently because of the incomplete 
cartilaginous tracheal rings, which are open posteriorly. Remember also the risk of esophageal perforation from an ingested watch battery, which can 
have a similar appearance to coins. An example is shown in the abdominal imaging chapter (Chapter 9). Learn one more lesson from the images here: 
when searching for an ingested foreign body, undress the patient and remove any unnecessary external radiopaque foreign bodies to avoid confusion.
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Figure 5-188. Misplaced central venous catheter.  Chest  x-rays  are  routinely  obtained  to  assess  the  position  of  medical  devices  such  as  central 
venous catheters and to identify complications such as pneumothorax. Routine parts of the process of image review should be to locate foreign bodies, 
assess their  identity, and determine whether they are correctly positioned. This patient has multiple  foreign bodies visible. The  left  internal  jugular 
catheter does not take the expected course toward the superior vena cava on the patient’s right. Instead, it turns laterally into the left subclavian vein.  
A, Anterior-posterior (AP) supine chest x-ray. B, Close-up from A.
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Figure 5-189.  Misplaced nasogastric tube.  Always assess the chest x-ray image for foreign bodies and attempt to determine their locations.  In this 
patient, a nasogastric tube has been placed. The tube unexpectedly leaves the midline and courses through the left chest before terminating as expected 
in the left upper quadrant of the abdomen. This unusual path makes it unlikely that the tube is within the esophagus, which is usually a midline structure 
until it crosses the diaphragm and reaches the stomach. Instead, the nasogastric tube appears to diverge left at the level of the carina—meaning that it 
has been erroneously placed into the trachea and then the left main bronchus. Had the patient been fed or received lavage through this tube, the results 
could have been disastrous.  A, Frontal projection chest x-ray. B, Close-up from A.
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Figure 5-190. Pacemaker wire not attached.  A, Frontal projection chest x-ray. B, Lateral chest x-ray. This 25-year-old female recently underwent 
thoracic  pacemaker  replacement  with  an  abdominal  pacemaker  because  of  local  site  irritation.  She  presented  with  lightheadedness.  The  inferior 
epicardial pacemaker wire does not connect to the pacemaker (see the close-up in Figure 5-191). When a pacemaker problem is suspected, always 
inspect the course of the wires for kinks or discontinuities.
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Figure 5-191. Pacemaker wire not attached.  Same patient as in Figure 5-190. A, Close-up from lateral chest x-ray. B, A very enlarged view from A 
with the contrast and brightness adjusted to visualize the disconnected pacemaker wire.
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Figure 5-192. Pacemaker wires.  A, Posterior-anterior (PA) chest x-ray. B, Lateral chest x-ray. This 58-year-old male with a history of coronary artery 
disease, heart failure, and renal insufficiency presented with increasing dyspnea and edema to the lower abdomen.  His chest x-ray shows the normal 
configuration of an implanted pacemaker with right atrial and ventricular leads. The wires connect to the pacemaker appropriately and show no kinks or 
breaks. The tips are in the expected positions overlying the right atrium and ventricle. An electrocardiogram and pulse examination are needed to assess 
whether the pacemaker is firing appropriately and achieving capture.
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Figure 5-193. Transvenous pacemaker wire.  Frontal projection chest 
x-ray.  This  77-year-old  female,  recently  discharged  after  admission 
for  rapid  atrial  flutter,  had  increased  her  calcium  channel  and  beta-
blocker  doses.  Today,  her  husband  noted  the  patient  felt  “sick.” 
Emergency  medical  services  found  the  patient  to  be  diaphoretic, 
hypotensive,  and  bradycardic.  In  the  emergency  department,  the 
patient had an unmeasurable blood pressure with a heart rate of 35. Her 
electrocardiogram  showed  atrial  flutter  with  third-degree  heart  block 
and  a  junctional  escape  rhythm.  She  did  not  respond  to  medications 
and a transvenous pacemaker was placed by a right internal jugular vein 
approach by an emergency physician using ultrasound guidance. Note 
the relatively straight course of the catheter from this entry point, which 
makes this the preferred approach. Physical examination for pulses and 
electrocardiogram are needed to confirm that the pacemaker is achieving 
capture.
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Figure 5-194. Transvenous pacemaker wire.  This 58-year-old male with a history of paroxysmal atrial fibrillation and sick sinus syndrome underwent 
an atrioventricular nodal ablation 2 days earlier. He presented with syncope and was unable to stand. His electrocardiogram showed no P waves and 
a junctional rhythm. No blood pressure could be obtained, and the patient remained lightheaded, bradycardic, and dyspneic despite medications. A 
transvenous pacemaker was placed by a right internal jugular vein approach. The electrode is coiled in a position overlying the right ventricle. Despite 
this,  it achieved capture and the patient was stabilized. Notice  the heterogeneous opacities consistent with pulmonary edema—this patient was  in 
cardiogenic shock because of his bradycardia. A, Anterior-posterior (AP) supine chest x-ray. B, Close-up from A to demonstrate the coiled electrode.
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Figure 5-195. Transvenous pacemaker wire.  Same patient as Figure 
5-194.  The  pacing  electrode  has  been  repositioned  and  is  no  longer 
coiled. The patient’s lung fields appear clearer than in the previous x-ray, 
indicating resolution of his pulmonary edema now that his pacemaker is 
functioning and his heart rate is appropriate. Small panel is an enlarged 
view from the AP chest x-ray, with contrast adjusted to accentuate the 
pacemaker wire.
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Figure 5-196. Transvenous pacemaker wire.  Same patient as Figure 5-195, the following day. The pacemaker has been removed, as the patient had 
returned to normal sinus rhythm. The introducer catheter is still present through the right internal jugular vein. A, Anterior-posterior (AP) chest x-ray.  
B, Close-up from A, focused on the internal jugular catheter.
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Figure 5-197. Permanent implanted pacemaker.  Same  patient  as 
Figures 5-194 through 5-196. The patient presented again with syncope 
and  bradycardia.  A  permanent  pacemaker  was  placed  with  right  atrial 
and ventricular leads.
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TABLE 5-8.  Assessment of a Chest X-ray Technique in Preparation for Interpretation

Action Error Prevented
Lower the room lights Improves contrast resolution, making low-contrast lesions more visible.

Confirm that the image belongs to the 
patient in question

Prevents “wrong patient” error.

Confirm that the date of the image being 
viewed corresponds to the current or 
desired date

Prevents erroneous action based on previous radiograph.

Note the exam technique (e.g., PA, AP, 
supine, upright, or lordotic)

Reminds the physician of diagnostic limitations and artifacts associated with 
specific x-ray techniques.

Assess for lordotic positioning May cause asymmetrical magnification of mediastinum and heart.

Confirm right–left orientation Prevents “wrong site” error.

Assess for patient rotation Prevents false appearance of mediastinal widening, mediastinal shift, or tracheal 
deviation due to rotation.

Assess adequacy of lung expansion– 
inspiratory effort

Checks for poor inspiratory effort, which can simulate pulmonary edema.

Assess chest x-ray exposure Checks for underexposure, which can simulate pulmonary edema, and overex-
posure, which can hide lung field details such as pneumothorax.

Compare the current exam with 
 previous images from the same  
patient

May reveal an abnormality on the current examination to be unchanged from 
prior examinations and therefore not the likely cause of current acute symp-
toms. Unnecessary diagnostic testing and therapeutic interventions may be 
prevented by such a comparison. In other cases, a subtle abnormality on the 
current exam may prove to be new compared with prior images and thus cause 
for concern, with further diagnostic testing or treatments being indicated.
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Figure 5-198. Situs inversus or dextrocardia with gunshot 
wound.  This 34-year-old male presented with gunshot wounds to the 
left upper abdomen and lower chest. On examination, small bowel was 
noted  to  be  protruding  from  center  of  the  anterior  chest.  Clearly,  the 
patient requires operative exploration, and imaging plays a limited role. 
However, chest x-ray in this case shows several important findings. The 
heart lies completely in the right chest. From this x-ray, it is not clear if this 
is isolated dextrocardia or situs inversus. In the operating room, the patient 
was found to have situs inversus with left upper quadrant liver injury from 
the gunshot wound. The left diaphragm is obscured on this chest x-ray. As 
we discussed earlier, in the supine position this may indicate pleural fluid 
(hemothorax), pulmonary contusion, or diaphragm injury with herniation 
of abdominal contents into the chest. If a chest tube is placed, special care 
must be taken to avoid injury to any herniated abdominal contents. The 
eviscerated bowel  is  visible  as  a density  in  the  central  abdomen. Bullet 
fragments are also seen. No pneumothorax was visible, although a chest 
tube was placed because of obvious concern for this.
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TABLE 5-9.  Mnemonic for Systematic Interpretation of Chest X-ray

A Airway
 •  Review the airway, inspecting the trachea and main-stem bronchi and looking for deviation or evidence of luminal 

obstruction.
  •   Is the trachea deviated, suggesting tension pneumothorax, lobar collapse, or other mass effect?

B Bones and Breast Shadows
 •  Inspect the bones for radiographic density, fractures, lytic lesions, or deformity.
  •   Are lytic lesions present?
  •   Are fractures evident from cortical disruptions?
  •   Is the medial scapula visible? Do not mistake this for the pleural line of a pneumothorax.

 •  Note breast shadows to avoid mistaking these for lower chest pathology such as infiltrate or effusion.

C Cardiac Silhouette
 •  Assess the cardiac and mediastinal silhouette for general size and contour.
 •  Note an enlarged cardiac silhouette, suggesting cardiomegaly or pericardial effusion.
 •  Inspect for pericardial air, air in the soft tissues of the neck, or a continuous diaphragm sign.
 •  Inspect the borders of the heart and mediastinum. If the margins are not easily discerned, this may indicate the 

pathologic silhouette sign of an adjacent infiltrate or effusion.
 •  Note the width of the mediastinum.
  •   A wide mediastinum may be due to patient position or x-ray technique, a mediastinal mass, or aortic pathology.

D Diaphragm
 •  Assess the diaphragm, with attention to the contour and costophrenic angle, bilaterally.
 •  Look for blunted costophrenic angles, suggesting pleural fluid.
 •  Note a deep sulcus sign, suggesting tension pneumothorax.
 •  Look for an elevated or irregular diaphragm.
  •   Are both diaphragms distinct? If the margin of the diaphragm is indistinct, consider an adjacent infiltrate or 

effusion.
  •   Is one diaphragm higher than the other? (Right normally is higher than left.) The appearance of an elevated 

diaphragm may indicate volume loss, pleural effusion, infiltrate, diaphragmatic paralysis, or diaphragmatic hernia.
  •   Are abdominal organs or nasogastric tubes visible in the chest, suggesting diaphragmatic hernia or diaphragm 

rupture?
 •  Is a black line visible beneath the diaphragm, indicating pneumoperitoneum?
 •  Is a continuous diaphragm sign visible, indicating pneumopericardium?

E Everything Else
 •  Review everything else around the lung fields, including the subcutaneous soft tissues and pleural boundaries.

F Lung Fields
 •  Review the lung fields themselves, looking for evidence of pneumonia, pulmonary edema, parenchymal mass, 

pleural effusion, or pneumothorax.
 •  Is a pneumothorax present?
  •   Do lung markings extend to the periphery?
  •   Is a pleural line visible?
  •   Is subcutaneous air visible?

 •  Is a pleural effusion present?
  •   Is the density of one hemithorax different from the other?
  •   Is a meniscus visible?

 •  Is a parenchymal opacity visible?
  •   Are air bronchograms present, confirming airspace consolidation?
  •   Is cephalization present, suggesting pulmonary edema?

 •  Are cavitary lesions present, suggesting abscess or tuberculosis?

F Foreign Bodies or Devices
 •  Are foreign bodies present? Are two orthogonal views available to confirm the location (within or external to the 

patient)?
 •  Are medical devices properly positioned?
  •   Endotracheal tube: Terminates 1 cm above the carina and below the suprasternal notch
  •   Central venous catheters: Follow the expected course of the target vessel
  •   Thoracostomy tubes: all fenestrations are within pleural space
  •   Nasogastric and orogastric tubes: Should not deviate from midline above diaphragm
  •   Pacemaker and AICD wires: Not kinked or discontinuous

L Lateral View
 •  Have you inspected the lateral view, if one is available?

Adapted from Crausman RS: The ABCs of chest X-ray film interpretation. Chest, 113:256-257, 1998.
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TABLE 5-10.  Pitfalls and Pearls in Interpretation of the Chest X-ray

Pitfall Example Pearl
Failure to interpret the image for findings 
other than those relevant to the clinical 
presentation

Failure to note a lung mass in a patient 
presenting with fever and cough

Establish a clinical question, but recog-
nize and perform a systematic review of 
the entire image as outlined in Table 5-9.

Distraction by obvious abnormalities Not noting a small pneumothorax in a 
patient with significant cardiomegaly

Follow a systematic search pattern, as 
outlined in Table 5-9.

After completing the image review, ask 
yourself the following:
 •  Do additional abnormalities exist that 

I have overlooked due to my focus on 
the obvious?

Failure to notice second (third, fourth, 
etc.) abnormalities once a single  
abnormality is found

Failure to observe pneumoperitoneum 
in a patient with a pleural effusion

Follow a systematic search pattern, as 
outlined in Table 5-9.

After completing the image review, ask 
yourself the following:
 •  Did I answer the clinical question?
 •  Did I review all important features of 

the x-ray systematically?

Failure to consider the differential  
diagnosis of an abnormality due to 
use of simple pattern recognition

Interpretation of all parenchymal opacities 
as infectious infiltrates, forgetting that 
pulmonary infarction can have a similar 
appearance; thus, a patient with pulmo-
nary embolism might be misdiagnosed 
with pneumonia

Consider the differential diagnosis of all 
imaging abnormalities.

Ask yourself the following:
 •  Am I certain that the image abnormal-

ity represents the diagnosis I have 
ascribed to it?

 •  Could other disease processes 
explain the radiographic appearance?

Failure to confirm that the image being 
evaluated is from the correct patient

Chest tube placed in the wrong patient Confirm the patient’s name on the 
 imaging study.

Failure to confirm that the image being 
evaluated is from the correct date

Chest tube placed in the correct patient 
but for a pneumothorax that was present 
on an x-ray from the prior year

Confirm the image date.

Failure to confirm that the image 
being evaluated has the correct image 
orientation

Chest tube placed on the wrong side Confirm the image’s left–right orientation.

Failure to recognize limitations due to 
the radiographic technique

Inability of a supine x-ray to identify 
 subdiaphragmatic air

Note the radiographic technique.
Consciously ask the following:
 •  Does this technique have diagnostic 

limitations in evaluating certain dis-
ease processes?
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