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Abstract

Acute pulmonary edema (APE) is a clinical condition characterized by severe acute respiratory distress,
frequently accompanied by crackling lung sounds and sudoresis. One classification system divides
APE into cardiogenic or non-cardiogenic adult respiratory distress syndrome — ARDS. This study
reviews cardiogenic APE, which is the most severe clinical presentation of heart failure (ADHF), and
its relationship with the increase of troponin along with other factors such as abnormalities in the
electrocardiogram (ECG) that may be mistaken for acute coronary syndrome (ACS). Atypical symptoms
could occur in the presentation of ACS in 8,4% of cases, as has been shown in the Global Registry of
Acute Coronary Events (GRACE): dyspnea (49%), sudoresis (26%), nauseas or vomiting (24%) and
syncope (19%). The CK-MB enzyme was replaced by cardiac troponin (cTn) as the chosen marker of
myocardial necrosis in the diagnosis of AMI in the late gos. The cTn is a marker of cardiac damage,
not just cardiac ischemia, and this may pose questions as whether there is a myocardium infarction
or not. The positive results of a cTn should be interpreted considering the clinical signs of myocardial
ischemia. The challenge remains and further studies are needed to aid in accurate diagnosis of both
conditions (APE and ACS) as well as cases in which one results from the other because the role of
coronary artery disease in acute heart failure has not been well studied in clinical trials.
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LITERATURE REVIEW

Acute pulmonary edema (APE) is a clinical condition
characterized by severe acute respiratory distress
accompanied by crackling lung sounds and most
often, intense sudoresis.

One of the classifications divides APE into cardio-
genic and non-cardiogenic categories (adult respi-
ratory distress syndrome - ARDS). Amongst these
two types, there are pathophysiological differences.
The first is caused by increased hydrostatic pressure
in the pulmonary capillary bed and the second type
by increased permeability in the alveolar-capillary
membrane.

The difference between the two forms is not always
possible to define, but the clinical history is of great
value, since the diseases related to each type are
well recognized. Diagnostic error may occur due to
coexistence of other diseases in the same individual.
The leading causes of cardiogenic APE are diseases
in the left ventricle or the left atrium while non-
cardiogenic APE (ARDS) may be caused by infection
(pneumonia, sepsis) and trauma with multiple
transfusions and aspiration. Paroxysmal nocturnal
dyspnea, orthopnea, presence of murmurs or third
heart sound increase the possibility of cardiac
etiology for the APE; however, the accuracy to make
the diagnosis of these findings is low.®

The focus of this review is the cardiogenic APE,
which is the most severe clinical presentation of
heart failure (ADHF), and its relationship with the
increase of troponin and other factors, such as
abnormalities in the electrocardiogram (ECG) which
may be mistaken for acute coronary syndrome
(ACS), since atypical symptoms could occur in
the presentation of ACS in 8,4% of the cases as
shown in the Global Registry of Acute Coronary
Events (GRACE): dyspnea is the most common
presentation (49%), followed by sudoresis (26%),
nauseas or vomiting (24%) and syncope (19%).®

The pathological process of cardiogenic APE
is due to plasma extravasation within the lung
interstice and alveoli, resulting from increased
left ventricular filling pressure and therefore,
pulmonary capillary pressure, usually at levels
above 18 mmHg. The exact mechanism of the

sudden increase in pulmonary capillary pressure is
not clearly established yet; however, the accepted
pathophysiological factor is the loss of myocardial
compliance.

Decompensated heart failure is a frequent
condition in the emergency rooms and a public
health concern due to the increased number of
hospitalizations it causes.® It is one of the most
frequent causes of morbidity and mortality in the
industrialized world and is the leading cause of
hospitalization in patients over 65 years old.#?
Therefore, in light of the aging population, the
number of cases of HF tends to increase and
consequently, their hospitalization.

Acute Pulmonary Edema (APE) was considered,
among the modalities of acute HF, second in
hospital costs, being exceeded only by cardiogenic
shock.® Often, their anatomical substrate is severe
coronary artery disease (CAD),”and the main cause
of chronic heart failure (HF).®

The factors involved in HF exacerbation are:
interruption or non-adherence to the treatment,
myocardial ischemia, infection, cardiac arrhythmias
and anemia.® It is considered one of the greatest
life threatening cardiovascular emergencies. For
this reason, the diagnosis and therapy requires
quick medical attention.

In the absence of previous heart disease, the
causes of APE to be considered are: fluid overload,
hypertension, acute dysfunction of the mitral and/
or aortic valve, renal disease and exacerbation of a
systolic or diastolic heart failure. Cardiac tumors and
pulmonary embolism are other possible causes.

Another cause related to APE, often defined as
a synonym for “flash” edema is the renal artery
stenosis, recognized by Pickering in 1988 and
designated Pickering syndrome by Messerli et al,
which defined “flash edema” as the term to describe
more dramatically decompensated heart failure
(APE), and not necessarily renal artery stenosis.
The prevalence of renal artery stenosis > 50%
is estimated at 8%, ranging from 3.1 to 22.9% in
patients with high probability of disease who were
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referred for investigation of renal artery stenosis.
Around 20% of these patients have significant
stenosis.(

The diagnosis of APE is essentially clinical,
with sudden dyspnea, crackling in pulmonary
auscultation, cold skin and sometimes intense
sudoresis as symptoms. The people at risk of
developing this disease are adults with diabetes
mellitus (DM), hypertension and heart disease.

Chest radiography is considered by many
authors as a criteria to identify the APE. Pulmonary
venocapillary congestion and interstitial edema
are the most specific findings. However, in 20% of
acute heart failure situations there are no findings,
mainly in patients with CHF." The hypoxemia that
accompanies the intense respiratory distress can be
detected by blood gas analysis or pulse oximetry.

Routine laboratory tests, such as blood count,
urea, creatinine, potassium and glucose should be
requested. Biomarkers such as troponin and B-type
natriuretic peptide investigations must be ordered
depending on the clinical conditions, although some
authors recommend mandatory troponin dosages,
justified by the association between APE and isch-
emic heart disease. The B-type natriuretic peptide
(BNP) or its N-terminal precursor (NT-pro-BNP)
have been shown to be useful in the evaluation of
dyspnea, especially when the etiology is uncertain.?
Both have shown a better performance in the diag-
nosis of acute HF than chest X-ray, as it has been
showed in a multivariate model in which the NT-
pro-BNP was the strongest predictor to acute heart
failure and the interstitial edema on chest X-ray was
present only in 42%.0

The electrocardiogram (ECG) does not provide
diagnosis, but it may suggest the cause and/or
precipitating factor of HF. The findings with greater
likelihood ratio (LR) for heart failure highlight the
atrialfibrillation (LR=3.8, 95% Cl 1.7t0 8.8), followed
by new T waves (LR =3.0, 95% CI from 1.7 to 5.3).0(4
Echocardiography is a very useful examination to
assess ventricular function and to define the therapy
after the episode. Coronary angiography should be
ordered, undoubtedly, if the clinical course is related
to the acute phase of acute myocardial infarction
with ST-segment elevation (STEMI).

The classic treatment for this serious syndrome
consists of intravenous diuretics, vasodilators
- venous and sublingual - and oxygen therapy.
Diuretics are drugs still classically used in the
treatment of acute HF, despite the lack of evidence
of their best mode of administration and effect
on mortality rates.(s'® Because of the severity of
APE, intravenous administration is the routine
prescription. Non-invasive ventilation has been
recommended in the treatment of this respiratory
discomfort because it reduces mortality and the
need for intubation.(?

The association between APE and acute
myocardial infarction (AMI) is described by several
authors and in epidemiological surveys. Due to the
lack of specificity of clinical, electrocardiographicand
biomarkers used in the diagnosis of acute coronary
syndrome (ACS), the prevalence of this association
- APE and AMI

in fact, the reality, overestimating the diagnosis of

- may vary and do not represent,

AMI associated to APE. Knowing that myocardial
ischemia is one of the main factors involved in
the genesis of the APE does not mean that there
is an ongoing AMI, especially if the troponin is
elevated, because dyspnea is not the most frequent
presentation of AMI, neither is positive troponin
pathognomonic of heart attack.

Javed et al. showed that only 34,2% of patients
with increased troponin had AMI, reinforcing the
importance of recognizing the causes that lead to
its increase and demonstrating that 2/3 of troponin
are not due to heart attack.®

Some authors have defined APE with a positive
myocardial necrosis marker (MNM) as an clinical
expression of a ACS without ST elevation,9 je,
when the MNM are raised in the context of APE,
they consider as a non-ST-elevation AMI associated
APE, since CKMB rises twice the normal reference
value with or without ECG changes. This is probably
the reason that some doctors interpret that a
positive necrosis marker in the APE is associated
with an acute coronary event. On the other hand,
the markers should not be used with diagnostic
purposes in patients with STEMI and the doctors
should not wait for the results to come in before
starting to treat patients.

e Brazilian Journal of Medicine and Human Health. 2016 Jun4(2).72-79 «

A



Troponin (Tn) is a protein of the thin filament
of cardiac and skeletal muscle. The troponin
complex is composed of three distinct proteins,
each participating in the process of regulating the
excitation-contraction of the muscle fiber. This
complex consisting of Tnl, TnT and TnC. TnC is
expressed genetically in the skeletal muscle and Tnl
and TnT are specific to the heart muscle, thus called
cardiac troponin - cTn. They are usually undetectable
in the circulation and when are released by the heart
muscle could represent a cardiac injury signal. Any
type of injury, not only ischemic, can cause the cTn
to be detected in the serum. New laboratory tests
have allowed greater accuracy for detecting cTn
since they were first introduced in the 1990s,®"

when they were first used as a risk marker in ACS
and as a marker of necrosis in 2000, when the first
universal definition of myocardial infarction was
written.®

Since then, the CK-MB enzyme was replaced by
cardiac troponin (cTn) as the marker of myocardial
necrosis of choice in the diagnosis of AMI. Given that
cTn is a marker of cardiac damage, not just cardiac
ischemia, and also that in many cases there is a
high probability of association with atherosclerotic
disease, but not necessarily with acute ischemia,
only clinical symptoms and subsequent evaluations
may clarify the cause of increased cTn, which are
different, as shown below in table - 1?3

Table 1- Increased Cardiac Troponin in the absence of ischemic heart disease

1) Danage caused by secondary myocardial ischemia (AMI type 2)

Tachyarrhythmia and bradyarrhythmia

Aortic dissection

Hypertension or hypotension (e.g.: hemorrhagic shock, hypertensive emergency)

Severe aortic valve disease

Acute and chronic heart failure with or without coronary heart disease

Hypertrophic cardiomyopathy

Coronary vasculitis (e.g.: systemic lupus erythematosus, Kawasaki disease)

Endothelial dysfunction without coronary obstruction (e.g.: cocaine use)

2) Damage not related to myocardial ischemia

Heart bruising

Surgical incision

Radiofrequency or ablation procedure
Rhabdomyolysis with cardiac involvement

Myocarditis

Cardiotoxic agents, such as anthracyclines, herceptin carbon monoxide poisoning

Burns over 30% of body surface

3) Multifactorial or indeterminate group

Apical ballooning syndrome

Severe pulmonary embolism or pulmonary hypertension

Peripartum cardiomyopathy

Acute neurological disease (e.g.: stroke, trauma)

Infiltrative diseases (e.g.: Amyloidosis, sarcoidosis)

Extreme exerrcise
Sepsis

Acute respiratory failure
Multiple defibrillation
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The peak time and duration of troponin response
depend on the mechanism of the injury, the dose
and the frequency of the administration test. A pre-
analytical evaluation of the method used in each
institution must be made by its medical staff. It
is recommended by consensus that the value of
troponin represented by myocardial injury is the
value above the ggth percentile of that in healthy
people and that the coefficient of variation is <10%.

Because the overvaluation of the troponin in
some guidelines related to heart disease, several
clinicians interpret the increased level of troponin
as a synonym of AMI, resulting in an undervaluation
of the clinical signs of myocardial ischemia. This
must have led to an over diagnosis of AMI and
the negative consequences was that its treatment
may cause bleeding and complications of coronary
angiography without the benefit of the diagnosis of
AMI, when these measures are adopted. Thus, the
interpretation of a positive troponin should be linked
to the more classic symptoms of each disease and
associated with other predictors that can improve
the diagnosis, as it was showed in the study of Alcalai
et al,®¥ in which among 615 patients with elevated
troponin T, 53% had a diagnosis of acute coronary
syndrome, in the remaining 41% the increase was
due to nonthrombotic troponin elevation and in 6%
the cause could not be identified.

The first generation of the cTn allowed detection
in 412 hours after the onset of the myocardial
injury peaking between 12 to 48 hours. This marker
has an area under the curve - receiver operating
characteristic curve (ROC) - similar to CK-MB. The
ROC curve is a graph that expresses the sensitivity
versus 1-specificity and it is used to evaluate the
performance of a test. The new tests of cTn high
sensitivity (cTn- hs) provides more than 9o% of
sensitivity for the diagnosis of AMI within 2 hours
of symptoms. With the possibility of detection of
troponin on tenfold lower values and increased
sensitivity in the first 2-3 hours of admission, the
ability to exclude or diagnose AMI was increased
and the possibility of early discharge was greater.®

The main objective of further testing of cTn-hs is

to hasten the diagnosis and to implement therapy
earlier, reducing the overcrowding of emergency

rooms. But the implications of early diagnosis need
to be evaluated carefully. Regardless of whether the
test is or is not sensitive enough, the positivity of
this marker needs to be contextualized regarding
the clinical conditions and the necessary causes of
its increase should be recognized in order to avoid
the over diagnosis of an acute coronary syndrome.

It is recommended that, in the presence of chest
pain, if the first cTn-hs is normal, the second sample
is measured inthree hours, and ifthereis anincrease
= 50%, the diagnosis of AMI can be confirmed
(increase = 20% also was able to establish this
diagnosis). Thus, minor changes in troponin, below
20% of the normal value, are considered sufficient
to rule out AMI when the clinical situation is clear
and the pretest probability is low for ACS. %)

The kinetics of troponin is essential when trying
to differentiate chronic from acute myocardial
damage, as well as if the appropriate increase is, or
is not, secondary to myocardial ischemia (AMI type
1). The higher the value, the greater the likelihood
of AMIL.®?. However, there is no clear numerical
definition for this distinction between two diseases
that can occur independently or in an associated
manner. Considering APE with positive myocardial
necrosis marker, either elevated CK-MB or troponin,
as a clinical expression of ACS, can generate greater
cost and risk, both by the higher request of cardiac
catheterization, as well as with the longer hospital
stays.

Therefore, AMI definition is subject to confound-
ers, by the lack of specificity of the clinical condition,
changes in the electrocardiogram and increases
of troponin. Since dyspnea can be a presentation of
myocardial ischemia, as evidenced in the GRACE
registry®® and Thygesen et al®® and also recogniz-
ing that chest pain can be an expression of other
acute cardiac diseases, the definition of APE pre-
cipitated by an unstable atherosclerotic plaque is
virtually impossible, except in STEMI, where the
ECG has a characteristic evolution.

Rising of troponin in acute or chronic HF has
no clear mechanism; it has been attributed to the
myocardial injury, the myocardial infarction type 2
or the use of drugs to treating acute decompensated
HF. Differentiating whether the increased troponin
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caused or was caused by the ADHF is a major
challenge for the clinician. Some authors suggest
coronary angiography for this differentiation, which
is difficult, since the main cause of heart failure is
coronary artery disease itself. Moreover, the only
certainty that increased troponin would be caused by
an acute coronary event would be the angiographic
visualization of intracoronary thrombus associated
with a correlation between electrocardiographic
findings and the culprit artery.

Most studies that have defined percutaneous
intervention as the best treatment in the presence
of an ACS had as inclusion criteria the symptom
of chest pain suggestive of myocardial ischemia
in the last 24 hours of admission, associated with
increased markers of myocardial necrosis level and/
or ECG changes compatible with ischemia. In these
studies, there is no referral of inclusion of APE as
clinical criteria. So to consider patients with APE
and elevated level of marker of myocardial necrosis
as an ACS and treat them with antiplatelet drugs
and percutaneous intervention is a course of action
that still needs confirmation in studies.

The likelihood of misdiagnosis increases when
electrocardiographic changes are observed, as
marked T wave inversion and increased QT interval,
in the presence of the EAP, without representing an
acute coronary.9

Thus, the challenge remains, and further studies
are needed to aid in accurate diagnosis of both
conditions (APE and ACS) as well as cases in
which one results from another, because the role of
coronary artery disease in acute heart failure has not
been properly studied and understood in clinical
trials.©® This question will probably be solved if a
new test of high sensitivity and specificity, not only
to detect myocardial injury, but to detect necrotic
injury due to ischemia, should be developed. In
addition, acute pulmonary edema should also be
included in the next randomized clinical trials of
ACS without elevation of ST.
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