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PE or no PE? Alternative diagnoses

on CTA

Kelly W. Cupel, MD, and Lynn S. Broderick, MD, FACR

cute pulmonary embolism
A(PE) is the third-most common

cause of cardiovascular death
in the United States, exceeded only by
myocardial infarction and stroke.! Un-
fortunately, the symptoms of pulmo-
nary emboli are nonspecific and often
cause a diagnostic quandary, specifi-
cally in patients who are poor historians
or who have multiple comorbidities.
The 30-day mortality rate for patients
with acute PE ranges from 10-30% if
untreated.? Pulmonary computed to-
mography angiography (CTA) is the
imaging modality used most widely to
evaluate patients for pulmonary embo-
lism, given its high sensitivity and spec-
ificity for the condition.?

However, most patients who undergo
CTA will not be found to have PE, which
has an approximately 10% positivity rate
in the United States.* This article will
review the variety of abnormalities that
can be seen in patients who are undergo-
ing evaluation for the possibility of PE
when there is no evidence of PE.
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Although clinical decision tools have
been developed to determine the pretest
probability of PE in any given patient,
incomplete adherence or nonadherence
to these criteria may occur. Even when
the guidelines are followed, most stud-
ies will be negative for PE. Therefore,
radiologists must diligently search for
alternative diagnoses that might other-
wise explain the patient’s symptoms.
This allows for prompt treatment and
increases the physician’s certainty that
the patient can be safely discharged.

In a retrospective study performed
by Perelas et al, 18% of 641 patients
who underwent CTA for the possibil-
ity of PE were instead found to have
other conditions requiring treatment.
These included pneumonia, pulmonary
edema, malignancy, large pleural or
pericardial effusion, heart failure and
acute abdominal pathology.* Although
some of these alternative diagnoses
may be evident on a chest radiograph,
an exam with far less radiation and cost
than a CTA, in a study by Ferriera et
al, up to 33% of patients undergoing
CTA were found to have significant
pathology as the cause of their symp-
toms that was not identified on a chest
radiograph obtained at the same time.®
In addition to findings directly related
to the patient’s presenting symptoms,
significant incidental findings can also
be identified.*!!

Not surprisingly, alternative diagno-
ses and significant incidental findings
have also been found in patients under-
going magnetic resonance angiography
(MRA) for evaluation of possible PE.
In a retrospective study performed by
Schiebler et al, 8% of 580 patients un-
dergoing MRA for possible PE were
found to have PE, and approximately
17% of those without PE had other ac-
tionable findings.'?

In a number of studies, the most
commonly cited cause of a patient’s
symptoms when the CTA or MRA was
negative for PE was pneumonia.*!?
Other commonly cited etiologies in-
cluded pulmonary edema, malignancy,
pleural effusion, and acute aortic syn-
drome.*!2 In addition, intra-abdominal
pathology was also found to be the cause
of symptoms in many patients.*10-12

Pulmonary abnormalities

Pneumonia was the most common
alternative diagnosis to PE in several
studies that reviewed additional find-
ings in patients without PE (Figure
1).%!2 Patients with pneumonia typi-
cally present with fever and a produc-
tive cough. Consolidation that abuts
the pleural surface, a common feature of
lobar pneumonia, may cause chest pain.
Although pneumonia is commonly di-
agnosed by chest radiography, if the in-
volved area of lung is small, it may not
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FIGURE 1. Pneumonia. 18-year-old woman with body aches, cough and severe right-sided
chest pain, which worsened with inspiration. (A) There is an area of consolidation within the
right lower lobe (*) abutting the pleura. Note the adjacent acinar nodules (arrow) and centri-
lobular ground-glass opacities (arrowheads), typical features of pneumonia. (B) Soft tissue
window at an inferior level shows opacification of the pulmonary arteries supplying the area of
abnormal lung.

FIGURE 2. Mucus plugging. 69-year-old man who was intubated for respiratory failure under-
went CTA for worsening hypoxia. (A) There is occlusion of the left main stem bronchus (arrow)
with complete atelectasis of the left upper lobe (*). (B) Bronchial occlusion (arrows) is present
in the right lower lobe as well, but to a lesser degree.
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be detected. In addition, pneumonia may
not be detected if the patient has had a
portable chest radiograph, rather than a
PA and lateral, in which case the area of
involved lung may not be appreciated.
Hypoinflation of the lung, in a patient
who is unable to take a deep breath be-
cause of chest pain, as well as obesity can
also be limiting factors for the diagnostic
efficacy of radiographs. If there is a focal
area of consolidation at the lung base that
abuts the pleura, including the possibility
of a lung infarct as well as pneumonia in
the differential diagnosis is reasonable.
On CT, pneumonia has the appear-
ance of airspace disease manifesting as
areas of consolidation with air broncho-
grams, ill-defined centrilobular nodules
and adjacent ground-glass opacities.
Larger areas of consolidation are more
likely to be appreciated on chest ra-
diographs. However, early in the dis-
ease process, ill-defined, centrilobular
nodules may not be appreciated on ra-
diographs. In addition, the tree-in-bud
pattern, which can be seen in patients
with bacterial, mycobacterial, fungal or
viral infection, may not be visible on the
chest radiograph. Patients with acute or
chronic bronchitis may develop mucus
plugging or occlusion of bronchi due to
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FIGURE 3. Pleural effusion. 55-year-old woman with severe chest FIGURE 4. Acute myocardial infarction. 55-year-old woman with chest

pain and shortness of breath. She was hypertensive and had lower pain following an argument. CTA was performed due to an elevated

extremity edema on physical exam. Axial MRA shows bilateral large d-dimer. Axial image of the lung base shows smooth thickening of the

pleural effusion (E). interlobular septa (arrows) and peribronchial edema (arrowheads),
consistent with interstitial edema. There is mild left ventricular dilatation
(LV). She later developed ST elevation on electrocardiogram and was
diagnosed with an acute coronary syndrome.
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FIGURE 5. Aortic rupture. 74-year-old woman with history of back
pain for two weeks, cough and hemoptysis. A chest radiograph
(not shown) obtained one week prior showed no acute abnormality.
Axial image shows a contained rupture of the descending aorta with
extravasation of contrast-enhanced blood (bottom arrow) and adja-
cent thrombus (top arrow).
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FIGURE 6. Pericarditis. 24-year-old man with chest pain and shortness
of breath following a recent plane ride. The patient’s d-dimer was ele-
vated. Axial image shows pericardial effusion (*) with mild enhance-
ment of the pericardium (arrows).
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FIGURE 7. Pericardial defect. 71-year-old man with acute chest pain and history of total hip replacement 7 weeks ago. (A) Axial CT image
shows a left pericardial defect (arrow) with lung interposed between the aorta (A) and main pulmonary artery (P). Normally, the pericardium
would cover this area, forming a portion of the superior aortic recess. (B) Axial image at the level of the right (RV) and left (LV) ventricles shows

abnormal posterior and lateral positioning of the heart due to the lack of the sternopericardial ligament.

infected secretions, which can cause dys-
pnea, particularly in patients with poor
pulmonary reserve (Figure 2). Low-at-
tenuation secretions within the bronchi
can also be misinterpreted as pulmonary
emboli on CTA when viewing images
with mediastinal windows.

Pleural disease

Pleural effusion has a variety of
causes and can cause chest pain and
shortness of breath if the volume of

fluid is large (Figure 3). Pleural effu-
sion is identified on chest radiography
when it causes blunting of the normally
sharp costophrenic angle. Patients with
pneumothorax can also present with
chest pain and acute shortness of breath.
Primary spontaneous pneumothorax
typically occurs in relatively younger
patients and is easily detected by chest
radiography. However, if the patient is
not upright, smaller pleural air collec-
tions may not be appreciated.

Cardiovascular disease

The diagnosis of myocardial infarc-
tion is usually made clinically, with
characteristic electrocardiogram (ECG)
changes and an elevated troponin level.
If the presentation is not straightforward
or if there is confounding information,
such as an elevated d-dimer level, pa-
tients may be referred for CTA as they
are being evaluated. Although areas of
decreased subendocardial enhancement
of the myocardium can be seen on CTA
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FIGURE 8. Mediastinal fat necrosis. 32-year-
old woman with left anterior chest pain, which
was increased with inspiration. (A) Axial and (B)
sagittal 2D reformat images show an area of
increased soft tissue in the anterior mediastinal
fat with a central ovoid area of fat attenuation
(arrows), consistent with fat necrosis.

FIGURE 9. Vertebral body fracture. 87-year-old
woman with history of ankylosing spondylitis
developed back pain after a fall. Radiographs
were negative. She was treated with physical
therapy and a fentanyl patch and developed hypoxemia (pO2 81% on room a/r) (A) Axial
image shows vertebral body fracture (arrows) which is more obvious on (B) sagittal 2D refor-
mat (black arrows).
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exams, these findings may not be appre-
ciated depending on the timing of the
contrast bolus and the lack of ECG-gat-
ing.'>'* However, the presence of pul-
monary edema, either due to acute or
chronic heart failure, is readily identified
on CT (Figure 4). The presence of inter-
stitial edema causes smooth thickening
of the interlobular septa and thickening
of the bronchovascular bundles. As the
edema progresses to involve the alve-
oli, dependent ground-glass or airspace
opacities will develop. Pregnant patients
with pre-eclampsia can also present with
pulmonary edema. Such cases typically
occur prior to delivery but can also occur
in the postpartum period. Pregnant pa-
tients are more predisposed to pulmo-
nary edema than non-pregnant patients
due to the presence of physiologic over-
circulation and anemia, as well as low
colloid osmotic pressure. '

In addition, fluid overload can occur
in the peripartum period. Patients who
receive tocolytics are also more prone
to develop pulmonary edema. In a
study of 92 patients with pre-eclamp-
sia, risk factors for patients who devel-
oped pulmonary edema included both
nulliparity and the administration of
magnesium sulphate.'® Note that in this
study, half of the patients developed
pulmonary edema prior to delivery, and
half developed pulmonary edema in the

FIGURE 10. Spine metastasis. 85-year-old woman with history of lung ~ FIGURE 11. Splenic infarct. 67-year-old-woman with left-sided and
cancer developed right pleuritic chest pain and cough. Axial image  substernal chest pain, left-sided upper abdominal discomfort and
shows a lytic lesion within the vertebral body (arrow), which was not  an elevated d-dimer. Axial image shows a focal, wedge-shaped
present on prior exam performed 6 months earlier. area of decreased attenuation within the spleen (arrow) consistent

with infarct.
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right upper abdominal and lower chest pain, tachycardia and hypoxia. (A) Axial image and (B)
coronal 2D reformat images show increased soft tissue stranding in the right superior peri-
nephric fat (arrow). Subsequent urinalysis and follow-up CT of the abdomen (not shown), con-
firmed the diagnosis of pyelonephritis.
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FIGURE 13. Hepatic abscess. 54-year-old woman with cough, fever and dyspnea despite a
5-day course of antibiotics. Axial image of the liver shows a subtle area of decreased attenu-
ation (arrows). Based on this finding, the possibility of a hepatic abscess was raised and con-
firmed on subsequent abdominal CT scan (not shown).
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FIGURE 14. Hemoperitoneum. 33-year-old woman developed shortness of breath as well as
chest and abdominal pain 1 day following a D&C that was performed for post-partum hemor-
rhage and retained placenta. Axial image shows a small amount of fluid adjacent to the liver
(arrows). Density measurements (not shown) showed high attenuation fluid consistent with
blood. She was subsequently found to have a perforated uterus.

ST 2 VA

postpartum period. Pulmonary edema
can also occur in nonpregnant patients
in the setting of over hydration and in
patients with renal failure.

Patients with acute aortic pathology,
including aortic dissection or rupture,
may have a presentation that causes the
referring physician to consider PE as the
primary differential diagnosis. Because
CTA protocols and patient physiology,
respectively differ, opacification of the
aorta may or may not be adequate to
evaluate for dissection. Even if opacifi-
cation of the aortic lumen is suboptimal,
the presence of displaced intimal calcifi-
cation indicates the presence of an aortic
dissection. An abnormal contour of the
outer aortic wall, thrombus and extrav-
asated contrast-enhanced blood can be
seen in the setting of contained aortic
rupture (Figure 5).

Pericardial disease

Patients with pericarditis classically
present with chest pain that increases
with deep inspiration, which can mimic
the symptoms of pulmonary embolism.
Most cases of pericarditis are due either
to a viral infection or are idiopathic and
the diagnosis may be difficult to estab-
lish clinically if the characteristic phys-
ical exam finding of a pericardial rub is
not appreciated. On CT, patients with
pericarditis will usually have a varying
amount of pericardial fluid as well as
thickening and enhancement of the vis-
ceral and parietal pericardium (Figure
6). Pericardial irritation due to hemo-
pericardium can also occur in patients
with perforation of a pacemaker lead or
in postsurgical patients. Such patients
will have similar symptoms of chest
pain with or without the presence of a
pericardial rub.

Although an unusual cause of non-
specific chest pain, patients with con-
genital pericardial defects may be
evaluated for the possibility of PE. In
the setting of complete absence of the
left pericardium, the sternopericardial
ligament will be absent, allowing the
heart to be displaced dependently. The
apex of the heart will also characteristi-
cally extend to the left lateral chest wall.
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Additional findings of congenital peri-
cardial absence include the interposition
of lung between the ascending aorta and
main pulmonary artery due to the lack
of the superior aortic pericardial recess
(Figure 7). Mediastinal fat adjacent to
the pericardium may undergo necrosis,
causing chest pain. The CT features of
mediastinal fat necrosis are similar to the
findings of fat necrosis in the abdomen,
shown as an area of fat stranding and in-
filtration with or without an area of cen-
tral fat lucency (Figure 8).

Musculoskeletal injury

Although post-traumatic rib, spine
and sternal fractures are often clinically
suspected based on the mechanism and
force of injury with potential point-ten-
derness on physical exam, in the setting
of osteopenia, even potentially over-
looked minor trauma can result in a
fracture (Figure 9). Rib fractures may
be radiographically occult, which is less
problematic when there is a clear-cut
history of trauma since rib fractures are
treated conservatively in the absence of
pneumo- or hemothorax.'”When there
is no clear history of trauma, pain asso-
ciated with fracture may be misinter-
preted as pleuritic chest pain due to PE.
Finding an area of cortical disruption
establishes the presence of a fracture,
although if the fracture is not displaced,
especially in the setting of osteopenia,
it may be difficult to identify---even on
CT. This is compounded by the fact that
the exact location of the patient’s pain
is often not available to the radiologist.
Sagittal two-dimensional (2D) refor-
mats are particularly useful for the de-
tection of sternal and vertebral fractures.
Review of axial images and sagittal and
coronal 2D reformats may be necessary
to identify subtle rib fractures. The pres-
ence of focal pleural thickening due to
a subpleural hematoma can help focus
attention on the underlying rib. Bony
metastases may also cause pain. Close

review of the bony structures including
2D reformats is recommended, specifi-
cally in patients with a history of malig-
nancy (Figure 10).

Intra-abdominal pathology
Intra-abdominal pathology can cause
symptoms that seem to be related to
intrathoracic pathology, such as a PE.
For example, disease processes that
occur close to the diaphragm can cause
symptoms that are located in both the
lower chest and the upper abdomen.
Such disease processes include splenic
(Figure 11) or renal infarcts, pyelo-
nephritis (Figure 12), sub-diaphrag-
matic or hepatic abscess (Figure 13)
and pancreatitis. Although CTA exams
are limited to the thorax, the included
abdominal structures should be scruti-
nized for pathology as the cause of the
patient’s symptoms, particularly when
there is no evidence of PE or other intra-
thoracic pathology. Hemoperitoneum
from any cause can result in diaphrag-
matic irritation (Figure 14). Therefore,
it is important to measure the density
of any intra-abdominal fluid since the
perception of high-attenuation hemo-
peritoneum may not be appreciated on a
contrast-enhanced scan.

Conclusion

Patients undergoing CTA for the
evaluation of a possible PE present with
a variety of symptoms and coexisting
pathology. Since most patients who
undergo CTA do not have a PE, a full
understanding of the wide variety of pa-
thology that may be present will allow
the radiologist to adequately search for
and recognize alternative diagnoses.
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