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Abstract

Hydrostatic pulmonary edema is as an abnormal in-
crease in extravascular water secondary to elevated
pressure in the pulmonary circulation, due to conges-
tive heart failure or intravascular volume overload.
Diagnosis of hydrostatic pulmonary edema is usually
based on clinical signs associated to conventional ra-
diography findings. Interpretation of radiologic signs
of cardiogenic pulmonary edema are often question-
able and subject. For a bedside prompt evaluation,
lung ultrasound (LUS) may assess pulmonary conges-
tion through the evaluation of vertical reverberation
artifacts, known as B-lines. These artifacts are related
to multiple minimal acoustic interfaces between small
water-rich structures and alveolar air, as it happens in
case of thickened interlobular septa due to increase of
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extravascular lung water. The number, diffusion and in-
tensity of B lines correlates with both the radiologic and
invasive estimate of extravascular lung water. The inte-
gration of conventional chest radiograph with LUS can
be very helpful to obtain the correct diagnosis. Com-
puted tomography (CT) is of limited use in the work up
of cardiogenic pulmonary edema, due to its high cost,
little use in the emergencies and radiation exposure.
However, a deep knowledge of CT signs of pulmonary
edema is crucial when other similar pulmonary condi-
tions may occasionally be in the differential diagnosis.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Acute decompensated heart failure (ADHF) is
a frequent emergency condition that represents a diag-
nostic challenge for the emergency physicians. Imaging
has a fundamental role in the diagnosis of heart failure,
but the efficacy of the diagnostic process is highly de-
pendent from the ability to integrate information drawn
from lung ultrasound (LUS), chest radiography and
computed tomography (CT). Chest radiography and
LUS are the most used diagnostic tools: the first one
combining relative low cost with the panoramic view
that allows exclusion of many pulmonary conditions
that comes into the differential diagnosis; otherwise
the second one has higher sensitivity in the diagnosis
of the early signs of pulmonary congestion and permit
to perform the examination at bedside during the first
clinical approach. CT scan is the best method to have
a panoramic thoracic view and CT scan is a power-
ful method but it has many limitations due to costs,
availability in emergency situations and relatively high
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radiation exposure. The modern clinician and radiolo-
gist should be aware of the potential and limitations
of these diagnostic tools and be prepared to integrate
information derived from a correct use of ultrasound,
conventional radiology and CT.

an unexpected condition on patients investigated for
other diseases'”.

This review describes the specific signs of cardiogenic
pulmonary edema of these three main imaging tech-

niques and discuss their role in the diagnostic process.
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INTRODUCTION

Acute decompensated heart failure (ADHF) is a frequent
emergency condition that, often represents a diagnostic
challenge for the emergency physicians. Accurate assess-
ment of effectiveness of medical treatment on reducing
pulmonary congestion, which is the consequence of
elevated cardiac filling pressure, is a basic step for a cor-
rect management of patients with ADHE Most patients
hospitalized for ADHF are not submitted to invasive
hemodynamic measurements, and clinical improvement
relies on change in physical findings, radiologic imaging,
and hormone levels. Physical findings of elevated filling
pressure are often inadequate and rarely decisive to assess
real clinical improvement when considered alone!™,

Chest X-ray (CXR) is the traditional first line proce-
dure to assess pulmonary congestion, but interpretation
of radiologic signs, such as vascular opacity redistribution
and interstitial edema, are often questionable and subjec-
tive, while different levels of expertize of the readers may
cause high inter-observer variability.

In doubtful cases, lung ultrasound (LUS) has been
shown to be of value in assessing pulmonary congestion
by the evaluation of vertical comet tail artifacts, named
B-lines. These artifacts represent easy-to-acquire and
highly reproducible bedside signs of diffuse interstitial
syndrome, but their limitation is the low speciﬁcity[4’5].

B-lines are caused by a change of the normal balance
between the air and fluid pulmonary content, when air is
lost and fluid are increased. The multiple and small air-flu-
id interfaces due to small water-rich structures surrounded
by air presenting in the lung periphery, create a reverbera-
tion phenomenon represented on the screen by multiple
B-lines'. However, this phenomenon is irrespective of
the cardiogenic or pulmonary origin of the condition.

Concerning thoracic computed tomography (CT)
scan, it is rarely used for diagnosing pulmonary conges-
tion, unless highly selected cases where other pulmonary
interstitial conditions come into the differential. Signs
of hydrostatic pulmonary edema on high-resolution CT
should always be recognized, even if edema may some-
times be misdiagnosed and the differential diagnosis not
always is easily read by the radiologist. Indeed, sometimes
signs of pulmonary congestion on CT imaging represent
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CHEST X-RAY

In the acute phase of decompensated heart failure, the
early pulmonary alteration is congestion of the vascular
bed due to progressive increase of capillary hydrostatic
pressure. When pressure increases further and the lym-
phatic vessels become congested, fluids begin to ac-
cumulate in the interstitium around arteries, veins, and
airways, and particularly in the intetlobular septa. In the
eatly phase, this mechanism protects the lung against the
final stage of congestion, that is leakage of fluids into the
alveolar spaces, the alveolar edema. The radiologic find-
ings at chest radiography reflect the anatomo-pathologic
alterations.

As severity of congestion increases, the sequence of
signs visible on chest radiographs are: (1) vascular opac-
ity “redistribution” towards the upper lobes and disten-
tion of the upper pulmonary veins; (2) enlargement and
loss of definition of hilar structures; (3) septal lines in
the lower lung, indicated as Kerley A and B lines; (4)
peribronchial and perivascular cuffing with widening and
blurring of the margins; and (5) thickening of intetlobar
fissures with subpleural fluid accumulation (Figure 1),

Redistribution, known also as cephalization, occurs
only in the setting of chronic pulmonary venous hyper-
tension, very often encountered in mitral stenosis (Figure
2). Cardiomegaly and pleural effusions are adjunctive ra-
diologic findings quite frequently detected in cardiogenic
pulmonary congestion. When congestion increases and
becomes alveolar edema, chest radiography shows bilat-
eral and usually symmetric parenchymal opacities, with a
central or basilar distribution, without air bronchogram'’
(Figure 3).

The distribution of alveolar edema may be influenced
by gravity. In this case performing the examination in
supine or orthostatic position and right or left decubitus,
may consistently change the radiologic pattern. Moreover,
a coexistent condition of chronic obstructive lung disease
may influence irregular distribution of edema as fluids
tend to leak in the area of the lung where the structure
of the organ is less subverted.

In the emphysematous lung, edema of the alveolar
spaces will not be imaged because of alveolar destruction
in over-inflated areas, while accentuation of interstitial
signs of congestion may still being detected at CXR.

In case of large, acute myocardial infarction (MI) that
involves the function of the mitral valve, a regional asym-
metric distribution of pulmonary edema may produce
atypical radiologic patterns that mimic non-cardiogenic
edema or, in some cases, even pneumonia (Figure 4).

This pattern is caused by the flow vector due to mitral
regurgitation, which may be massively directed toward
the right superior pulmonary vein!". However, opacities
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Figure 1 Posterior-anterior chest X-ray in a patient with congestive heart
failure and interstitial pulmonary edema. In the figure are shown radiograph-
ic signs that suggest interstitial pulmonary edema including enlarged and loss
of definition of large pulmonary vessels, both Kerley's A and Kerley's B lines
associated with cardiomegaly.

Figure 2 Posterior-anterior chest X-ray demonstrating enlargement of
atrial and left ventricles, with redistribution of lung circulation from bases
to apex suggestive to pulmonary congestion (A), note the blood vessels
are more prominent in the upper lung fields compared to the lung bases,
just the opposite of normal (B).

due to alveolar edema may rapidly change their dimen-
sion and even dissolve on the effect of treatment. Thus,
radiologic follow-up may sometimes contribute to resolve
the diagnostic dilemma.

Signs of pulmonary congestion at chest radiography
may even precede clinical symptoms. Conversely, pulmo-
nary edema may be still visible radiographically for hours
or even days after hemodynamic recovery'”,

To date, CXR represents the first line imaging exam

in patients presenting to the emergency department (ED)
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Figure 3 Supine radiogram in a patient with cardiogenic alveolar edema.
Note that the vascular perihilar structures are not defined because of the pres-
ence of confluent peripheral and gravitational consolidations, with large pleural
effusion. Cardiomegaly is also present.

Figure 4 Antero-posterior chest radiograph with asymmetric pulmonary
edema with grade 3 mitral insufficiency shows pulmonary edema pre-
dominantly within the right upper lobe.

complaining of acute dyspnea. The possibility of correct
diagnosis at CXR is greater the more severe and pro-
longed will be pulmonary congestion, because the radio-
logic signs are more accurate and clearly visible. Relating
the diagnosis of cardiogenic pulmonary congestion, CXR
is moderately specific (specificity 76%, 83%), but not very
sensitive (50%-68%0)!"".

Therefore, CXR does not have a direct role in the
pathway for the diagnosis of heart failure, where the
standard of care is cardiac and LUS. The main reason
of this limitation is that CXR is not sensitive enough,
because heart failure cannot be ruled out with certainty
in the presence of a normal radiologic pattern. However,
our opinion is that CXR is highly useful to diagnose alter-
native diagnoses when they are, together with decompen-
sated heart failure in the differential.

LUNG ULTRASOUND

Quite recently, LUS opened new perspectives in the bed-
side evaluation of pulmonary congestion. Many authors
produced a growing number of papers shovﬁrzlog the
power of LUS in diagnosing pulmonary diseases ™.
Rather than from technologic progress, development
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SIEMENS

Figure 5 Lung ultrasound scan showing multiple B-lines from a case of
cardiogenic pulmonary oedema. When a similar pattern is visualised on mul-
tiple locations in the anterior and lateral chest, it is diagnostic of the interstitial
syndrome.

of modern LUS is mainly based on discovering the sig-
nificance of sonographic artifacts”"!, Particularly, some
vertical echogenic linear artifacts, known as B-lines, are
simple, noninvasive signs of pulmonary interstitial fluid
that can be easily evaluated at bedside. B-lines originate
from multiple small subpleural air/fluid acoustic intet-
faces, due to the fact that air and water are two elements
with opposite values of acoustic impedance[m. This
phenomenon is related to the contrast between air-filled
and water-rich structures, which generate multiple rever-
beration of the ultrasound beam that is visualized on the
screen as linear vertical artifacts, the B-lines (Figure 5).

In the normally aerated lung, only a very few B-lines
can be detected by sonography"”.

When the water content increases and air decreases
due to disease, the thickened interlobular septa and fluid
into the alveolar spaces cause the appearance of multiple
and diffuse B-lines (Figure 6",

Any condition of the lung where alveolar air is par-
tially lost and interstitial fluids or cellularity are diffusely
increased, causes the appearance of B-lines at LUS.
B-lines underlines the so called interstitial syndrome.

The fundamental technique for diagnosing interstitial
syndrome consists of examining the anterior and lateral
chest using four intercostal scans per side, corresponding
to the upper and inferior areas anteriorly and the upper
and basal areas laterally. A positive scan is characterized
by a minimum of three B-lines, whereas a positive exami-
nation is defined by at least two positive areas per side™"”
(Figure 6).

Simple detection of B-lines does not allow differen-
tiation of the disease involving the lung interstitium, but
other organ ultrasound signs can be used to confirm the
diagnosis of pulmonary congestion in decompensated
heart failure. For convenience a focused cardiac sonog-
raphy can be performed using the same probe used for
lung examination, looking for global left ventricle func-
tion impairment, which will be detected in about 50% of
cases with acute decompensated heart failure™,

Regarding LUS, other signs than B-lines may be
evaluated for differentiating similar patterns of interstitial
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syndrome from cardiogenic and non-cardiogenic causes.
These includes evaluation of pleural sliding and irregu-
larities, distribution of B-lines and sub-pleural consolida-
tions. Some studies showed the reliability of these signs
in differentiating signs of cardiogenic pulmonary edema
from ARDS and pulmonary fibrosis””.

The primary diagnosis of pulmonary interstitial fluid
in the emergency setting is crucial for the differential
diagnosis between a cardiogenic and non-cardiogenic
respiratory failure. Some studies showed the usefulness
of B-lines as a primary diagnostic test in acute respiratory
failure patients”™**”, Lung ultrasound appears to be pat-
ticularly useful in differentiating between exacerbation of
chronic obstructive pulmonary disease (COPD), a con-
dition that does not show B-lines, and decompensated
heart failure. In a study performed in dyspneic patients in
the emergency department, diffuse B-lines were detected
in 100% of patients with cardiogenic pulmonary oedema
but was absent in 92% of cases with exacerbation of
COPD and 98.75% of those with normal lungs”. Con-
clusion of the study was that sonographic detection of
B-lines might help distinguish pulmonary edema from
exacerbation of COPD.

Other studies showed the correlation between B-lines
and natriuretic peptides in the primary evaluation of
acute decompensated heart failure in the Emergency
department”’. Pulmonary interstitial fluid, sonographi-
cally demonstrated by B-lines, was strictly correlated with
natriuretic hormones level. Conclusions of these studies
was that LUS can be used alone or can provide additional
predictive power to natriuretic peptides in the immediate
evaluation of dyspneic patients to diagnose the cardiac
origin of the symptom.

Another great potential of LUS is that B-lines are
highly sensitive to the resolution of lung congestion in
patients admitted to the hospital for acute decompen-
sated heart failure. Clearance of B-lines represents a di-
rect sign of effective treatment, but also may be useful to
specify the diagnosis in cases where the origin of B-lines
cannot be differentiated at a first examination™,

Finally, LUS may be also useful to diagnose unsuspect-
ed conditions when it is performed in combination with
other tools, showing similar performances as compared to
other more panoramic chest diagnostic imaging tools™ >,

COMPUTED TOMOGRAPHY

On high resolution computed tomography (HRCT), signs
of hydrostatic edema generally results in a combination
of septal thickening and ground-glass opacities. Inci-
dence and predominance of these signs is individually
variable®” ™ (Figure 7).

Crazy paving and consolidation are also frequently
imaged. In some patients, ill-defined perivascular and
centrilobular opacities may also be detected, or ground-
glass opacity may appear lobular and patchy with a ten-
dency to have a parahilar and gravitational distribution
(Figure 8)™".

There is some evidence that a parahilar or bat wing
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Figure 6 A typical sonographic pattern of diffuse alveolar-interstitial syndrome (left side) and corresponding chest radiograph (right side) in a case of
acute cardiogenic pulmonary oedema. In the sonographic images on either side of the radiogram, the presence of multiple adjacent comet-tail artefacts (at least
three per scan and in all chest areas examined) can be easily distinguished. The images illustrate the sonographic B+ pattern corresponding to the radiological finding

of pulmonary oedema.

distribution of edema is typically found in patients who
have a rapid accumulation of fluid™’. Occasionally edema
may have unilateral distribution, as may happen in pa-
tients with a prolonged lateral decubitus, or asymmettic
and even with bizarre distribution in patients with region-

JBaishideng® W]R I WWW.ngnet.COm

234

al emphysema™. In studies on hydrostatic edema in dog
lungs, high resolution CT patterns showed predominantly
central, peribronchovascular, and posterior distribution
of edema, associated with an apparent increased thick-
ness of bronchial walls™""",
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Figure 7 Computed tomography scan through lower lobes shows, limited areas of ground-glass opacity, with thickening of major fissures reflecting su-
bpleural interstitial edema. Is also present interlobular septal and peribronchovascular interstitial thickening.

Figure 8 Computed tomography scan through aortic arch and pulmonary arteries planes shows ground-glass opacity with geographic distribution and
partial sparing of the lung periphery. Thickening of interlobular septa and sub-pleural edema and bilateral pleural effusion with passive atelectasis of lower lobes is
also present.

Table 1 A proposed diagnostic alghoritm for the diagnosis of Table 2 Diagnostic accuracy of chest X-ray and ultrasound in

pulmonary edema patients with heart failure

Lung ultrasound Chest X-ray Chest CT Sensitivity
First line in emergency and ~ Second line to con-  Third step differ- X-ray 56%
critically ill monitoring and ~ firm doubtful cases in  ential diagnosis us 100%
to assess pulmonary con-  emergency or critically  of Pulmonary
gestion in typical clinical il after haemodynamic Embolism Difference of patients showing radiologic and ultrasound (US) signs of
presentation recovery congestive heart faliure (personal data not pubblished).

CT: Computed tomography.
have a panoramic thoracic view, and much more sensitive
than chest radiography for the first diagnosis of many

STRENGTHS AND WEAKNESSES OF conditions, like pulmonary embolism and eatly phase
INTEGRATED USE OF LUS. CHEST X-RAY of cardiogenic pulmonary edema. However, it has many

limitations due to costs, availability in emergency situa-

AND CT FOR THE DIAGNOSIS OF tions and relatively high radiation exposure. However, in
CARDIOGENIC PULMONARY EDEMA recent years technological advances have made it possible

to improve the modulation of dose exposure to follow

Imaging has a fundamental role in the diagnosis of heart the principles of radiological protection. Besides radia-

failure, but the efficacy of the diagnostic process is highly tion exposure, low availability and feasibility are other

dependent from the ability to integrate information fundamental limitations. CT scan cannot be performed

drawn from LUS, chest radiography and CT (Table 1). as routine technique in heart failure because of the high
Chest radiography has the great advantage of combin- prevalence of this disease and high costs of use.

ing relative low cost with the panoramic view that allows However, while LUS and chest radiography are the

exclusion of many pulmonary conditions that comes into first choice imaging technique in most cases, in selected

the differential diagnosis. CT scan is the best method to cases where multiple conditions are in the differential, CT
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scan may become the method of reference. This is the
case in acutely dyspneic patients when the differential di-
agnosis with pulmonary embolism is a challenge. In other
cases, when the differential diagnosis includes diffuse
parenchymal lung diseases, the high-resolution CT of the
chest may be useful to rule-out or confirm pulmonary
congestion.

Lung ultrasound has the limitation of being a surface
imaging technique far less panoramic than chest radiogra-
phy and CT scan. However, the great advantages of LUS
are a higher sensitivity than chest radiography in the di-
agnosis of the early signs of interstitial thickening due to
pulmonary congestion, and the possibility to perform the
examination at bedside during the first clinical approach
(Table 2).

CONCLUSION

In the diagnostic imaging of pulmonary congestion due
to decompensated heart failure, LUS and CXR are the
most used diagnostic tools. Lung ultrasound does not
fully replace CXR but may be of great help in some
specific situations, like in the emergency setting when a
prompt diagnostic evaluation of dyspneic patients at bed-
side is needed and also for monitoring clinical evolution.
Moreover, LUS outperforms conventional radiology for
the diagnosis of eatly signs of pulmonary congestion and
should always be considered when radiologic signs are
not detected on CXR but heart failure is still considered
a possibility. However, LUS standing alone has a limited
specificity for cardiogenic pulmonary congestion. Indeed,
the main ultrasound signs of the interstitial syndrome,
the B lines, are also detected in other pulmonary condi-
tions, even chronic, characterized by loss of aeration and
increase in fluids. Moreover, CXR is superior to LUS as
a panoramic imaging modality that allows an immediate
and comprehensive evaluation of the thoracic structures.
CT scan is a powerful method for the evaluation of the
thorax and even more panoramic, but is of limited use
in the first diagnosis of decompensated heart failure in
comparison to CXR and LUS. However, in selected cases
it may be of help in the differential diagnosis of intersti-
tial lung diseases or other causes of respiratory failure.
Very often, in cases when a CT study is performed to
investigate other conditions, the diagnosis of pulmonary
congestion is incidental.

Integration of information obtained by the correct
use of these three thoracic imaging, may improve the
accuracy of the diagnostic process for cardiogenic pul-
monary edema. The modern clinician and radiologist
should be aware of the potential and limitations of these
diagnostic tools and be prepared to integrate information
derived from a correct use of ultrasound, conventional

radiology and CT.
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