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Measurements of cardiac troponin concen-
tration have been proved to be sensitive and specific
methods for the detection of myocardial cell damage
as well as for risk stratification and prognostication
in patients with acute coronary syndromes. A large
body of evidence also indicates that cardiac tropo-
nin T and troponin I may be useful as markers of
cardiac damage in patients with disorders other than
acute coronary syndromes including heart failure,
myocarditis, pulmonary’embolism, sepsis, thermal
injury and subarachnoid hemorrhage. More impor-
tantly, in several of these clinical conditions, levels
of the troponins seem to be able to provide prognos-
tic information and thus, may have an influence on
decision-making in the management of these
diseases. The present review will summarize the
results from recent animal studies and clinical trials
and discuss the possible pathophysiologic mecha-
nisms of myocardial injury arising from these criti-
cal illness.

INTRODUCTION

Over the past decade, results from several
large clinical trials have demonstrated that measure-
ments of cardiac troponin concentrations represent
sensitive and specific biochemical methods for de-
tecting myocardial cell necrosis in patients present-
ing with acute coronary syndromes.'* Measurements
of cardiac troponin T (cTnT) and troponin I (cTnI)
are currently accepted and recommended as the new

standard method for diagnosis of myocardial infarc-
tion (MI), replacing CK-MB measurement.** The
troponins have also assumed a central role in risk
stratification and therapeutic decision-making in the
management of patients with unstable coronary ar-
tery disease (unstable angina, non-Q wave MI).510
According to the American College of Cardiology/
American Heart Association (ACC/AHA) guidelines'!
and the European Society of Cardiology (ESC) task
force report,'? patients with chest discomfort and
elevated troponin concentrations are at high risk of
developing cardiac events (nonfatal MI, death) dur-
ing the short and long terms.

Data from animal and clinical studies have
also indicated that the troponins may be useful as
markers of myocardial cell damage in several clini-
cal conditions other than the acute coronary syn-
dromes.” A wide range of critical illness has been
reported to be associated with chest discomfort and
transient electrocardiographic changes, accompanied
by release of cardiac marker proteins into the circu-
lation."'s  These include acute and chronic heart
failures, myocarditis/pericarditis, sepsis and septic
shock, acute pulmonary diseases, thermal burns and
acute neurologic diseases. The aim of the present
review is to summarize the results from recent ex-
perimental and clinical studies on the role of cardiac
troponin testing in critically ill patients and to dis-
cuss the potential pathophysiologic mechanism of
cardiac myocyte injury arising in these clinical set-
tings.
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Heart failure

The current concept of the pathophysio-
logy of heart failure is largely based on the hypo-
thesis of neuroendocrine activation, leading to ex-
cessive prcduction of hormones of the sympathetic
nervous system and renin-angiotensin-aldosterone
axis.’*!® The role of cytokines in the pathogenesis
of heart failure has also been increasingly recog-
nized.’®'® Previous studies have demonstrated the
presence of increased concentrations of norepineph-
rine in the circulation, which can be observed even
in patients in the early stage of ventricular dysfunc-
tion.?*?! Experimental evidence linking catechola-
mines to myocardial cell injury has been reported in
rats, rabbits and dogs.?? In these animals, multifocal
myocardial necrosis predominantly distributed in the
left ventricular subendocardial areas was found after
catecholamine infusion.

The cardiotoxic effect of catecholamines
has been demonstrated in an experimental animal

model of cardiac injury reported by Mann et al.?**
In this study, norepinephrine treatment of cardiac
myocyte cultures resulted in a significant release of
the enzyme creatine kinase (CK) into the medium. A
similar effect of catecholamines was observed in pigs
after administration of isoproterenol. Moderate in-
creases in CK and aspartate aminotransferase (AST)
activity were present.”? However, since these enzymes
lack specificity for myocardial injury, they should
no longer be used to evaluate cardiac disease. In-
stead, the more cardio-specific troponins (T or I) cur-
rently represent the preferred markers for the diagno-
sis of myocardial injury.” Recently, isoprenaline-
induced cardiac damage using cardiac troponins as
biochemical parameters has been demonstrated in
an experimental model in rats.?® It has been found in
this study that elevations of ¢TnT and cTnl are re-
lated to the severity of histologic changes after car-
diac injury.

Table 1. Frequency of increased cardiac troponin levels in 8 clinical trials of heart failure.

NYHA Cut-off Increased cardiac troponins (%)
n class (ng/ml) cTnT c¢Tnl
Missov et al.?’ 11 - 0.10 - 18
Missov & Mair? 33 I-1Iv 0.10 15 -
La Vecchia et al.? 26 - 0.30 - 23
Setsuta et al* 58 o-1v 0.02 52 -
L IIL; IV) (18; 68; 92)
Sato et al.*! 60 I-1II 0.02 45 -
Hudson* 136 I 0.02 24 -
0.10 4 -
Miller et al.? 13 m-1v 0.10 61 -
0.10 - 69
Perna et al.** 84 I-1V 0.10 55 -
(I-ILII-1IV) (38; 80)
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Evidence linking the presence of increased
norepinephrine levels in patients with heart failure
and evidence of the cardiotoxicity of catecholamines
has led to the question, as to whether it is associated
with release of cardiac marker proteins into the cir-
culation. Table 1 summarizes the results of recent
studies on patients with heart failure using the
troponins as biochemical markers.””* As can be seen,
the frequency of increased cardiac troponin concen-
trations is highly variable, ranging from 4% in one
study to 69 % in another. These differences are mainly
attributed to the different cut-off levels used and the
severity of cardiac dysfunction as estimated by the
New York Heart Association (NYHA) functional class.
A higher percentage of patients with high heart fail-
ure functional class had elevated cardiac troponin
levels (Table 1).3%3 In several trials, the mean car-
diac troponin concentration was slightly (1-3 times)
above the upper reference limit, whereas the CK-MB
levels were reported to be in normal or-near-normal
range in the majority of heart failure patients.?833
Patients presenting with acute congestive heart fail-
ure showed a higher mean concentration of the
troponins than those with stable heart failure.***” Im-
portantly, long-term follow-up studies have provided
evidence that elevated baseline troponin levels are
associated with an increased risk of death or rehospi-
talization for worsening heart failure.**32% Further-
more, persistently increased cardiac troponin con-
centrations during follow-up were found to be closely
related to deterioration of heart function.’** Thus,
measurements of cardiac troponin concentrations at
baseline may indicate the severity of cardiac dys-
function and provide prognostic information, and
serial determinations may allow identification of
heart failure patients in need of more aggressive treat-
ment.*®

Myocarditis/Pericarditis

Early diagnosis of acute myocarditis is es-
sential because the disease may have a fatal outcome
or may progress to dilated cardiomyopathy, a major
cause of congestive heart failure.*** Clinical diag-
nosis of myocarditis, however, is often difficult since
the disease is usually asymptomatic and has an in-
sidious clinical course.*** Furthermore, electrocar-
diographic findings of acute myocarditis are highly

variable : a picture of ventricular arrhythmia, heart
block or changes mimicking acute myocardial
ischemia and infarction may be present.?*** At present,
an endomyocardial biopsy is regarded as the stan-
dard method for a definitive diagnosis of myocardi-
tis.** However, apart from the invasive nature of the
procedure with its’ inherent risk, especially when per-
formed in children,* biopsies have produced highly
variable results, partly because of the insensitivity
of a test performed on a single sample and large
intraobserver variability in the histological diagno-
sis of myocarditis.*6?

Recent experimental and clinical studies
performed on animals and humans have shown that
measurements of cardiac troponin concentration pro-
vide a useful method for detecting cardiac damage
in myocarditis. In a murine model of autoimmune
myocarditis, Bachmaier et al.*® reported that cTnT is
amore sensitive marker for the diagnosis of myocar-
dial damage than the CK-MB isoenzyme (Table 2).
A trend for cTnl elevation to parallel the histologi-
cal severity of myocarditis has been observed in a
similar model of autoimmune myocarditis reported
by Smith et al.* In this study, as well as in 2 other
trials,**’! ¢Tnl and cTnT were also found to be supe-
rior to CK-MB in detecting cardiac myocyte injury
in patients with endomyocardial biopsy-proven myo-
carditis (Table 2). Recently, a significant increase in
cTnI’? and cTnT* levels has been observed in a cer-
tain number of children with acute myocarditis.
These results imply that, determination of cardiac
troponins may be a useful tool for the diagnostic
evaluation of patients with suspected myocarditis.

The frontier between acute myocarditis and
pericarditis is sometimes not clear cut, and the patho-
genic mechanism in both conditions, caused either
by infective agents or toxic substances, is mediated
by an inflammatory process that leads to myocardial
cell damage. Thus it is not unexpected to find in-
creased cardiac marker protein levels in patients with
pericarditis. In two recent studies on patients with
clinical signs and symptoms suggesting acute peri-
carditis (inspiratory or positional chest pain, ST-T
changes on the ECG and pericardial friction rub),
detectable cTnl levels were observed in a high per-
centage (49 and 71 %) of patients.*>> In one study,*
detectable levels of cTnl were found more frequently
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Table 2. Diagnostic performance of cardiac marker proteins in experimental and clinical studies of myocardi-

tis.
CK-MB c¢TnT ¢Tnl
Subject n Sensi-  Speci- Sensi- Speci-  Sensi-  Speci-
tivity ficity tivity ficity tivity  ficity
Bachmaier et al.®*  mice 22 0.00* 1.00 0.43* 1.00 - -
mice 10 0.33**  1.00 0.50%** 1.00 - -
Smith et al.* human 53 0.06 1.00 - - 0.34 0.89
Lauer et al.>! human 80 0.02 1.00 0.53 0.94 - -

Sensitivity at different time points after autoimmunization-induced myocarditis : *day 12; **day 19.

than positive CK-MB levels. Bonnefoy et al.> also
reported a strong relationship between ST-segment
elevation and an increase in c¢Tnl. These results
indicate that, similar to myocarditis, cTnl increase is
common in acute pericarditis. The prognostic sig-
nificance of a positive troponin, however, is at present
not known and remains to be determined by future
investigations.

Acute pulmonary diseases

Pulmonary embolic disease can present with
several clinical features similar to those of acute coro-
nary syndromes. Previous experimental and clinical
studies have shown that the disease is often associ-
ated with myocardial ischemia as aresult of increased
wall tension and oxygen demand as well as reduced
coronary perfusion and oxygen supply.***” Right ven-
tricular infarction with a significant increase in CK-
MB isoenzyme has been observed in patients with
severe pulmonary embolism.?% Myocardial cell
necrosis is not uncommon in moderate and severe
pulmonary embolism as evidenced by reports from 5
recent clinical trials that showed an increase in car-
diac troponin between 21-56 % of patients with pul-
monary embolism.% The median peak concentra-
tion of cTnT of 0.48 ng/ml found in one study is
indicative of minor myocardial injury.” Recently,
Meyer et al.%' reported that positive cTnl tests, and
not CK-MB levels or D-dimer concentrations, were
significantly associated with echocardiographic
signs of right ventricular dysfunction and dilatation.

Of particular importance was the finding in the study
of Giannitsis et al.** and Konstantinides et al.* that
cTnT and cTnl were independent predictors of in-
hospital death. The results imply that cardiac
troponins may be used for risk stratification in pa-
tients with pulmonary embolic disease and may iden-
tify a subset of patients in need of more aggressive
therapy.

Cardiac troponin T has recently been re-
ported to be elevated during the course of lobar pneu-
monia in patients without clinical evidence of car-
diac involvement,® and it has been used as a crite-
rion to exclude cardiac damage in patients with acute
bronchial asthma.®®¢’ In these patients, raised levels
of CK and CK-MB were observed frequently. There
was, however, no increase in cTnT level in all 15
patients with acute severe asthma in the study of
Lovis et al.* In another study,®” only 3 (10%) out of
29 pediatric patients receiving intravenous
terbutaline for the treatment of severe asthma showed
detectable cTnT concentrations. These 3 patients
required prolonged mechanical ventilation and had
the longest duration of terbutaline infusion which
could explain the observed increase in cTnT levels.

Sepsis and septic shock

Myocardial dysfunction has long been
recognized as a complication of sepsis and septic
shock. In a canine model of sepsis, gram-negative
bacteremia produced both severe systolic and dias-
tolic cardiac dysfunction.® Left ventricular systolic
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depression with a reduced ejection fraction and left
ventricular dilatation have been frequently observed
in patients with septic shock.® There is accumulat-
ing evidence that the condition is associated with
myocardial cell damage. Autopsy results in one re-
cent study have demonstrated contraction band ne-
crosis in many patients dying of severe septic shock
due to multiple organ failure.”® Myocardial injury
may be a consequence of the hypotension that de-
velops in septic shock and has been linked with the
effect of circulating myocardial depressant sub-
stances such as tumor necrosis factor oo (TNF-ot) and
interleukins.'¢!

In patients with sepsis and septic shock, a
high prevalence of elevated cardiac marker protein
levels was found, with values ranging from 36 to 85
percent (Table 3).7%>75 The median peak concentra-
tions of cTnT and cTnI of 0.66 and 1.4 ng/ml, respec-
tively, reported in the study of Ver Elst et al.”’ as well
as that of c¢Tnl of 2.4 ng/ml found in the study of
Turner et al.” are indicative of minor but significant
myocardial injury. In septic shock patients, elevated
cardiac troponin levels have been reported to corre-
late significantly with left ventricular dysfunction
as assessed by two-dimensional transesophageal
echocardiography.” A significant negative correla-

Table 3. Prevalence of increased cardiac marker protein levels in sepsis and septic shock.

n Percent increased cardiac markers
¢TnT cTnl CK-MB
Ver Elst et al.” 46 36 50 41
Spies et al.” 26 69 - -
Turner et al.” 15 - 80 -
Thiru et al.”* 37 - 62 37
Ammann et al.”® 20 - 85 45

tion between peak cTnl levels and minimum left
ventricular stroke work index and minimum left ven-
tricular ejection fraction, both markers of ventricular
dysfunction, has also been observed in these pa-
tients.”’* Importantly, elevations of both cTnT and
cTnl concentrations were found to be associated with
an increased mortality rate,”>™ suggesting that the
troponins may be useful as prognostic markers in
patients with sepsis and septic shock.

Thermal injury

Patients with burn injury are prone to the
development of multiple organ dysfunction and
failure. Cardiac failure developing after thermal
burns, in particular, has been shown to be signifi-
cantly correlated with a high mortality rate.”® In the
past decade, the pathophysiologic mechanism of
cardiac dysfunction in thermal injury has been to a
certain extent elucidated. It has been shown in an

animal model of burn injury that circulating myo-
cardial depressant factors such as tumor necrosis fac-
tor (TNF), interleukins or oxygen-derived free radi-
cals produced by neutrophils contribute to cardiac
myocyte injury. Furthermore, inhibition of TNF was
capable of preventing myocardial dysfunction dur-
ing burn shock.”"

In an experimental study with guinea pigs,
Horten et al.” found that the enzyme CK was signifi-
cantly elevated in the coronary perfusate of hearts
from scald burned animals. The same research group
also reported a significant correlation between in-
creased cTnl levels and left ventricular systolic dys-
function in rabbits with postburn injury.® In another
recent study,? elevation of biochemical markers of
myocardial damage (cTnT, CK-MB, cardiac myosin
light chain 1) was observed in parallel with an in-
crease in TNF level in rats after severe burns.
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To our knowledge, there have been thus far
2 trials utilizing the cardiac-specific troponins as an
indicator of myocardial damage after thermal injury
in human patients. Chen et al.*? reported that the
mean c¢Tnl concentration in patients with a total body
surface area (TBSA) of burn > 30 % (0.34 ng/ml) was
significantly higher than in those with less severe
burns (0.09 ng/ml). In another study,® it was found
that all patients with greater than 15 % TBSA injury
had detectable cTnl levels compared with none in
those with lesser thermal injury. Nevertheless, the
effect of postburn myocardial injury on clinical out-
come is at present largely unknown and will require
further investigation.

Acute neurologic diseases

Cardiac dysfunction is a well-known and
frequent complication of several acute neurologic
disorders including acute subarachnoid hemorrhage,
ischemic stroke and cranial trauma.'® In an experi-
mental study on dogs with subarachnoid hemorrhage,
significant increases in heart rate and cardiac output
with ischemic electrocardiographic and echocardio-
graphic changes were observed.* Electron micro-
scopic examination has revealed characteristic myo-
cardial cell lesions, with disruption of the cell archi-
tecture and disappearance of cross striations as well
as subendocardial microinfarcts in most of animals
studied. There is experimental evidence that links
catecholamines to cardiac injury.® Contraction band
lesions developed after isoproterenol infusion were
found to be associated with electrocardiographic and
biochemical changes.® A significant elevation in cat-
echolamine levels in parallel with CK, CK-MB and
cTnT increases were also observed in dogs with ex-
perimentally induced subarachnoid hemorrhage.¥

Results from recent trials also pointed to
the existence of myocardial ischemia in patients with
acute intracerebral disease. An abnormal electrocar-
diogram occurs frequently in these clinical settings,
with ST- and T-wave changes being the most preva-
lent. Patients with subarachnoid hemorrhage may
show echocardiographic wall motion abnormalities
and often have small but significant increases in the

concentration of cardiac enzymes.®* Abnormal myo-
cardial perfusion as determined by thallium-201 scin-
tigraphy has been demonstrated in around one-third
of the patients with subarachnoid hemorrhage and
an abnormal electrocardiogram.”® Recently, cardiac
involvement in acute neurologic diseases has been
affirmed by two studies using cardiac troponins as
biochemical markers. In these clinical settings, Dixit
et al.” and James et al.”2 found raised cTnl and cTnT
concentrations in 19% and 17%, respectively, of pa-
;ients. Dixit et al. also reported that, in most cases,
an elevated cTnl level was associated with electro-
cardiographic and echocardiographic evidences of
cardiac injury. Of particular importance was the
observation in both studies that patients with car-
diac troponin elevation had significantly higher
mortality at short- and long-term follow-up. These
results, again, point to the value of cardiac troponins
as powerful predictors of adverse outcome in patients
with acute neurologic diseases.

CONCLUSION

Cardiac troponin testings have been proved
to be useful as biochemical methods for the detec-
tion of myocardial injury arising from a variety of
clinical conditions other than acute coronary syn-
dromes. In particular, measurement of the troponins
seems to be of value in evaluating the severity and
extent of cardiac damage as well as in providing prog-
nostic information in patients with heart failure, pul-
monary embolism, sepsis and acute neurologic
disease. The prognostic significance of cardiac
troponins in patients with myocarditis and thermal
injury is at present not known and remains to be
determined in future investigations.
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