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Elevation of troponin I in acutely ill medical
patients: a pilot study and literature review
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Abstract

revious studies have identified a significant
Pincidence of clinically unrecognised myocardial

ischaemia in intensive care unit (ICU) patients, as
determined by elevation of serum troponin. This pilot
study demonstrates a similar high frequency of such a
phenomenon in patients who are acutely ill, but
without clinical evidence of myocardial ischaemia, on
the general medical wards of a large city hospital.
Elevation of serum troponin in these patients is
associated with higher hospital mortality and increased
lengths of hospital stay. Recognition that slight
elevation of troponin levels may occur in the context of
significant medical illness in acute general medical ward
patients is important as it may avoid erroneous
diagnosis of myocardial infarction and subsequent
unnecessary investigations. A literature review of the
various causes of an elevated troponin result is then
presented.

Key words: troponin, myocardial ischaemia, APACHE Il s

&
,g\

Br J Cardiol (Acute Interv Cardiol) 2005;12:AlC 9—A|%

Introduction \% C)

Acutely ill patients admitted to the medical @ft Q risk
factors for coronary atherosclerosis and %e 2 % be sus-
ceptible to silent myocardial ischaemia @pl @ nder phys-

iological stress.” Previous studies&ve trated silent
myocardial ischaemia, as determi y ion of troponin, in

ICU patients. This may indicat rex pfognosis.>* Currently, it
is not clear what proporti @utt@!ﬂ'medical ward patients
have clinically unrecog 'QTardiac injury, as troponin assay is
not usually indicate ir management.

Recognition t Q;nically unrecognised myocardial ischaemia
may occur inc) cutely ill medical patients is important as it
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may suggest an alternative rationale upon which to base the aeti-
ology of elevated troponin in similar patients in the future.
Furthemore, appreciation of a potentially distinct pathogenesis of
myocardial ischaemia in these patients is Iii@o lead to a differ-
ent management strategy compared to % patients with ele-
vation of troponin due to acute coronafy sya@romes. Identification
of these patients may also be impogtdwt ds they may have a poor-
ardial ischaemia.

er prognosis than those witho
stidy was to determine the inci-

The main purpose of thi
dence and prognostic v ot elevated troponin | in acutely ill
nt$ who do not have clinical evidence

general medical war
iaksu myocardial infarction or angina.
0 infestlgéte any association between tro-

of myocardial ischa
ponin | level.aNd g&oo finess severity as defined by APACHE

lll score.® im uld be made of any association between
elevati tro bQ , length of hospital stay and mortality.

m s
@ﬂ-met local requiraments for ethical approval. Patients
ale and female adult admissions to the Acute General

S
d
. icine Unit in Southern General Hospital, Glasgow, between
y 2003 and November 2003. Criteria used to identify clinical

vidence of significant illness were based on the presence of sev-
eral physiological abnormalities such as tachycardia, hypotension
and dyspnoea. Severity of illness was graded according to APACHE
Il score, which can provide initial risk stratification for severely ill
hospitalised patients.® Patients were excluded if they had clinical
evidence of definite or possible myocardial ischaemia such as
myocardial infarction, unstable angina or chest pain. Patients with
clinical evidence of left ventricular failure, myocarditis, pericarditis,
pulmonary embolism and cardiac arrhythmias were also excluded.
Electrocardiograms were reviewed, if available.

Blood samples for troponin | were obtained at least 12 hours fol-
lowing admission. Serum troponin | was measured using the
Beckman Coulter Access analyser Accu Tnl assay. The upper limit of
normal range for troponin | level was defined as 0.04 pg/L (99th per-
centile of the normal range). Analytical variability at cut-off was 14%.

Results

A total of 27 patients were prospectively evaluated in the study
period. Two patients in the original analysis were excluded (one
had myocardial infarction and one had pulmonary embolism).
The incidence of myocardial injury as determined by elevation of
troponin | greater than 0.04 pg/L was 40% (10 of 25 patients).
Baseline characteristics of these patients are shown in table 1.
Comparison is made of those patients with and without eleva-
tion of troponin | with regard to APACHE Ill score and other phys-
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Table 1.  Baseline characteristics of patients in the pilot study according to

(interquartile range) or absolute numbers (%)
q 9

the level of cardiac troponin | (cTnl). Results are expressed as medians

Characteristic All patients
(n=25)
Tnl, pg/L 0.04 (0.02-0.06)
APACHE Ill score 40 (28-57)
Age, y 68 (62-76)
Male, n (%) 15 (60)
Female, n (%) 10 (40)
Mean arterial BP, mmHg 90 (80-100)
Heart rate, beats/min 95 (88-110)
RR, breaths/min 18 (16-20)
Temp = or > 38°C, n (%) 7 (28)
PaO, = or < 8kPa, n (%) 7 (28)
Any renal impairment*, n (%) 8 (32)
Significant renal impairment**, n (%) 3(12)

*Any renal impairment is defined as serum creatinine > 130 pmol/L; **Significant
Key: y = years; BP = blood pressure; RR = respiratory rate

Normal cTnl Elevated cTnl
(n=15) (n=10)
0.02 (0.02-0.03) 0.07 (0.06-0.08)
40 (23-52) 44 (35-60)
62 (60-71) 76 (71-82)
7 (47) 8 (80)
8 (53) 2 (20)
100 (90-105) 0 (76-88)
100 (89-110) @(83—1 05)
20 (16-30) &@17 (16-20)
3(20) N\ 4 (40)
3 (20) 4 (40)
N\
3 (20) 5 (50)
1(7) \/ 2 (20)

renal impairment is defined as

@ cre@e > 200 pmol/L
/ 2

Table 2.  Patient outcomes by troponin I. Results are expressed as

medians (interquartile range) or absolute numbers (%)

Patient outcome Normal troponin |  Elevated troponin |

(n=15) (n=10) \
Length of hospital stay (days) 27 (15-46) 50 (27-62) %
Hospital mortality 4 (28.6) 4 (4@
Ps y 4

\%‘(/ Q’\

iological variables. In patients with elevate ni sfemic
sepsis was implicated more commonly ( 0 @atients)
than in patients with normal troponin ( f @ients). The
three remaining patients with elevafed tro ad either an

exacerbation of chronic lung di
monaty disease or pulmonar
sation (hyperosmolar non,, N st

None of the differe tween va
significance but patj ith elevated troponin | tended to have
a higher APACH&@, be older, male, have lower mean arte-
rial blood pre yrexia, significant hypoxia and renal impair-
ment. Patient@)&h normal troponin | tended to be slightly more
tachycardic and tachypnoeic.

Comparison is made between patients’ level of troponin | and
their outcome in table 2. Patients with raised troponin | were more
likely to have longer hospital admissions and higher mortality.

A scatter plot of APACHE Il score against troponin | level is
shown in figure 1. There was a slight trend for troponin | to rise
with APACHE Il score.

Ic obstructive pul-
tabolic decompen-

Q

riables reached statistical

Discussion
The main purpose of this study was to identify the proportion of
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pa‘uen@h sigMi1€aAt medical illness but no clinical evidence of
my ischgemia that would have an elevated troponin as a

unrecognised cardiac injury. The observed fre-

t infection, troponin | was 0.46 pg/L. This was not associated
ith clinical or electrocardographic features of myocardial

\ chaemia. Otherwise, elevated troponin | levels were not greater

than 0.13 pg/L. Whilst there was a tendency for patients with
raised troponin to have more deranged physiological variables,
statistically significant results are precluded due to the sample size.
These results compare to previous ICU studies that identified
15.3% and 15.8% of medical ICU patients to have cardiac injury,
as defined by elevation of troponin 1.>* The reason for the differ
ence in this observation may be accounted for partly by the greater
severity of illness of the study population. The overall hospital mor-
tality in this group was 34.8%, compared to 18.7% and 17.7% in
previous studies.>* There was also a greater incidence of renal
impaimrent in this study population, which is known to cause ele-
vation of troponin.® However, even after excluding all patients with
serum creatinine above the normal range, the incidence of raised
troponin | was 29.4% (five of 17 patients). This study confirms pre-
vious associations between elevation of troponin | and patient out-
comes such as length of hospital stay** and hospital mortality.?

An overview of elevated troponin

The cardiac structural proteins, troponin | and troponin T, represent
a new generation of biochemical markers of myocardial cell injury
and, due to their superior sensitivity and specificity compared to tra-
ditional cardiac enzymes such as creatine kinase MB (CK-MB), have
recently become the preferred marker in the diagnosis of myocar-
dial infarction.”® Troponin measurement has now become an inte-
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Figure 1. Scatter plot of APACHE Il score against troponin | (Tn 1) level
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gral part of the assessment of patients with acute coronary syn-
dromes thanks to its potential in predicting prognosis and aiding
identification of patients who are likely to benefit most from early
invasive strategies, glycoprotein lib/llla antagonists and low molecu-
lar weight heparins.® However, since the introduction of troponin
measurement, elevation of cardiac troponin has also been reported
in a wide range of different clinical situations. This presents the clin-
ician with the possibility that the aetiology of an elevated troponin
is not an acute coronary syndrome as a consequence of unstable
coronary arterydisease but rather an alternative cause.
The various conditions that may cause elevation of tro
not related to unstable coronary artery disease are pre

The information was obtained via a literature se@ si,%

Medline and Embase.

Myocarditis and pericarditis Q\ \)

In one study of 80 patients with clinically @carditis,
troponin T predicted myocardial cell inj r @twely than
conventional determination of card&&e}n les. An elevat-
ed troponin was highly prediQ?\ r Qnunohistologically-
proven myocarditis.” Neverth M

I was insensitive for
identifying immunohistologically=pro yocarditis and a nega-

tive result could not beqraably used to rule it out. All patients
with histologically p *ekmyocarditis had an elevated troponin.™
Another stud@milar size showed troponin | to be superior
to CK-MB f ction of myocyte injury in biopsy-proven
myocarditis. T(Q@nin | elevations were substantially more common
in the first month after the onset of heart failure symptoms, sug-
gesting that the majority of myocyte necrosis occurs early and thus
the window for diagnosis and treatment may be relatively brief."
Two recent studies showed that troponin | elevation is fre-
quently observed in viral or idiopathic acute pericarditis and
appears to be particularly associated with young age and ST-seg-
ment elevation.'>* Troponin | increase is roughly related to the
extent of myocardial inflammatory involvement and, unlike acute
coronary syndromes, is not a negative prognostic marker.”
Because it has a similar temporal pattern of release, elevation of
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troponin cannot distinguish between acute pericarditis and acute
ischaemic myocardial injury."

Heart failure

Even in the absence of an acute coronary syndrome, decompen-
sated heart failure may cause elevation of cardiac troponin and,
perhaps unsurprisingly, this is associated with more severe grades
of heart failure and subsequently with a worse prognosis, includ-
ing increased risk of death.” Mild elevation of troponin may
occur in more stable patients with chronic heart failure, and indi-
cates a highly significantly increased risk for hospitalisation and
death regardess of whether the aetiolo f heart failure is
ischaemic or non-ischaemic.””*® &

The detection of increased serum/% of cardiac troponin is
thought to imply ongoing myocardi ge or leakage of myofib-
rillar components and to reflect sistent loss of viable cardiac
myocytes characteristic of progressive heart failure, due to possible
underlying mechanisms s s [0ss of cell membrane integrity and

38 patients with advanced heart failure

apoptosis.”* In a stu
refened for cardiacf n Wﬂ evaluation, 49% had detectable

levels of troponin to hese patients have increased mor-
tality, they werdal m&g ely to experience progressive left ven-
tricular dy: f%s suggested that they might derive particu-
lar ber@sm ggressive treatment strategies, such as heart
tra@i ti eart failure device therapy.

lac causes
iah study found that troponin | was elevated in a signifi-
proportion of patients with hypertension and left ventricu-
hypertrophy compared to hypertensive patients without left
entricular hypertrophy and normal controls.?? A further study,
mainly of hospital in-patients, showed that slight elevations of
troponin were associated with increased left ventricular mass
index.Z There is also some evidence of persistent troponin eleva-
tion in patients with hypertrophic cardiomyopathy, which may
predict clinical and echocardiographic deterioration.?

Despite the common observation in clinical practice, no evi-
dence was found for the association between new-onset atrial
fibrillation with a fast ventricular response and elevation of tro-
ponin. One study did, however, report elevation of troponin in
four patients with supraventricular tachycardia.?® A study of 57
patients assessed the effects of elective electrical cardioversion of
atrial fibrillation or flutter: it found no elevation of troponin in
any patient, compared to frequent elevation of traditional car-
diac enzymes.” Another study of 35 patients demonstrated that
minimal elevation of troponin following elective electrical car-
dioversion of atrial fibrillation or flutter may occur but is uncom-
mon.? In addition, one study found that troponin was not ele-
vated either before or after electrical cardioversion for ventricular
arrhythmias in 27 patients with coronary artery disease.?® This
implies that common elevations of ‘traditional’ cardiac enzymes
following transthoracic cardioversion are likely to be related to
simultaneous skeletal muscle damage and that elevation of tro-
ponin in a stable patient with an atrial or ventricular arhythmia
may suggest an ischaemic precipitant.
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A recent study has identified a slight rise in troponin follow-
ing exercise testing in patients with chronic heart failure.?* An
elevation of troponin was also found in a small proportion of 100
patients with chronic stable angina following an exercise test,
and it was suggested as a potential aid to predict three vessel
coronary artery disease even if the exercise test is negative.®

Troponin may be elevated after cardiac surgery and can be
used to predict morbidity and mortality by measurement pre-
operatively®' or post-operatively.? Similar prognostic information
regardng death and adverse events can also be obtained by
measurement of troponin either before or after percutaneous
coronary intervention.®

Other possible cardiovascular causes of a raised troponin are
coronary vasospasm,* cardiac contusion,® cardiac amyloidosis,*
atrial septal defect closure®” and radiofrequency ablation.*

Respiratory disease

Troponin elevation is now well recognised in acute pulmonary
embolism and can independently predict in-hospital matality.®
Increased right ventricular wall stress and low cardiac output
with low coronary perfusion pressure in combination are recog
nised pathophysiological changes that occur with a significant
pulmonary embolism,* and are likely to contribute to the eleva-
tion of troponin. Given that troponin elevation can performas a
surrogate marker of right ventricular dysfunction and identify
patients with the highest risk of death, future studies are likely to
investigate whether troponin levels can accurately aid the identi-
fication of patients who are likely to benefit most from more

A study of 71 consecutive patients with a severe exa
chronic obstructive pulmonary disease who were

admission to be at risk for requiring ventilatory su ho tbbt

elevation of troponin | was present in 18% of
independent risk factor for in-hospital deathy |
than half if the test was positive.® There

rise in troponin T in two patients Wlt a without any
evidence of acute coronary syndr rre ilure.® A paediatric
pilot study of 25 patients foun %I may be elevated in
children hospitalised with r vrrus (RSV).#

Renal disease

First-generation in T assays were limited by the fact that they
detected trop @soforms expressed in human skeletal muscle
in response t; nic renal disease and therefore could not deter-
mine if measured troponin T was of cardiac origin.* The second-
and third-generation troponin T assays still demonstrate elevated
troponin T concentrations in patients with renal failure — this is
thought to be due to accumulation of troponin T fragments that
can not be cleared by the diseased kidney.*

Whilst troponin T is found fairly frequently in patients with
renal failure, troponin I is found less commonly and the result may
depend on the assay used.”“ Elevation of troponin | is also likely
to be related to reduced elimination.* The largest and most useful
analysis of troponin in renal failure was a study looking at 733
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aggressive medical and surgical treatment strategies su
early use of thrombolytic therapy or mechanical emboIe@ Q
ther
.

patients with end-stage renal disease, which calculated the per-
centage of patients with increased troponin T versus troponin | at
each cut-off, as follows: 99th percentile, 82% versus 6%; 10%
coefficient of variation (the lowest troponin concentration that
demonstrates a 10% total precision), 53% versus 1.0%; and ROC
(receiver operator characteristic, optimised for sensitivity and speci-
ficity for detection of myocardial infarction), 20% versus 0.4%.
After adjustment for other risk factors, elevated troponin T was
predictive of increased mortality using all cut-offs but only above
the 99th percentile for troponin I (almost certainly because too few
patients had elevated troponin | above the 10% co-efficient of vari-
ation cut-off).*® Importantly, despite the rel ly common eleva-
tion of troponin T in patients with renal f% ey are still able to
predict shat-term prognosis in patie acute coronaty syn-
dromes, regardess of their level of@%&tr ine clearance.”

ICU patients \
Elevation of troponin | i ‘pxre ts with sepsis, septic shock and
systemic inflammato se syndrome (SIRS) is common and
one study showed ib k with Streptococcus pneumoni-
ae infection.® E ion% onin T has been reported as a
poor progn ar U patients with early sepsis without
clinical e cardial ischaemia;? elevation of troponin
| has @ h represent unrecognised cardiac injury in
Mcreased morbidity and mortality in critically ill
I@ In another study involving medical ICU patients,
vat onin | was associated with increased length of hos-

y ‘and multiorgan dysfunction but was not an indepen-
terminant of hospital mortality.*

uncommon causes
Troponin | may also become raised in patients after high-dose
chemotherapy and may be used to predict development of left
ventricular dysfunction following treatment.” Elevation of tro-
ponin | has also been reported following extreme physical
endurance activities.* Subarachnoid haemorrhage has been
reported to cause elevation of troponin I in a patient with normal
coronary arteries, the proposed mechanism being raised cate-
cholamine concentrations and metabolic abnormalities leading
to reversible cardiac dysfunction.*

Assay interference

It is possible that heterophilic antibodies, present in the serum of
some patients, may interfere with the troponin assay to produce a
false positive result. As assays become more technically advanced,
it would be hoped that such interference will become a rare cause
of falsely elevated troponin. One recent study determined that the
incidence of falsely increased troponin | results attributable to het-
erophilic antibodies that were consistent with the receiver opera-
tor characteristic (ROC) cut-off for acute myocardial infarction on
an original assay was 0.17% of all patients with submitted tro-
ponin | samples and 1.6% of all troponin | samples with values >
1.4 pg/L (above the upper limit of ROC cut-off). Use of a revised
assay considerably improved the accuracy of the test in the major-
ity of cases.* Similarly, rheumatoid factor may interferewith the
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Table 3.  Definition of myocardial infarction from The Joint European
Society of Cardiology/American College of Cardiology

Committee for the redefinition of myocardial infarction

Criteria for acute, evolving or recent Ml

Either of the following criteria satisfies the diagnosis for an acute, evolving
or recent Ml:

1) Typical rise and gradual fall (troponin) or more rapid rise and fall (CK-
MB) of biochemical markers of myocardial necrosis with at least one of
the following:

- ischaemic symptoms

- development of pathologic Q waves on the ECG

- ECG changes indicative of ischaemia (ST segment elevation or
depression); or

- coronary artery intervention (e.g. coronary angioplasty)

2) Pathologic findings of an acute Ml

Key: MI = myocardial infarction; CK-MB = creatine kinase MB;
ECG = electrocardiogram

assay to produce falsely elevated results and this may vary accord-
ing to the nature of the immunoassay used.”” Accordingly, clini-
cians should be aware of the possibility of a technical error, par-
ticularly in the context of a totally unexpected result, and should
discuss the situation with the local biochemistry laboratory staff.

Conclusion
From the available evidence, there is now a myriad of caus
a raised cardiac troponin. There is little doubt that future
will show elevation of troponin related to many ot
and surgical conditions. The pilot study in this arti
strates elevation of troponin in medical ward ;@\

ct

nificant degree of medical illness but with evi-
dence of myocardial ischaemia.
It is now well recognised that both troponin T

are highly sensitive and specific blom%ers 0 c injury. Their
detection may be a consequerc Qlly obvious acute
ischaemic or inflammatory my other times it may
indicate subclinical ischaenpi ent| ue to physiological or
haemodynamic compro rther studies are requiredto inves-
tigate whether this r ’rs a greater risk of underlying coronary
arterydisease an ther current secondary prevention measures
are beneficial. s likely that such events simply represent an
imbalance of ardial oxygen supply and demand. It is possible,
however, that the presence of a systemic inflammatory syndrome
could unmask coronaty artery disease by adverse effects on coro-
nary plague stability and thrombogenicity. Otherwise, elevation of
troponin may relate to ongoing chronic cardiac myocyte loss in
conditions such as severe heart failure or reduced renal clearance.

Aside from patients with renal failure, there should be no dif-
ferences in interpretation between troponin | and troponin T
results. In order to clarify the place of cardiac troponin in the diag-
nosis of acute myocardial infarction, a consensus document of The
Joint European Society of Cardiology/American College of
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% Key messages

® The pilot study demonstrated that 40% of patients with
significant medical illness but no clinical evidence of
myocardial ischaemia had raised troponin levels

® Accurate diagnosis of myocardial infarction should not
rely solely on elevation of troponin

® Other cardiac causes of raised troponins include
myocarditis, pericarditis, heart failure and left ventricular
hypertrophy
clude acute
sepsis

® Non-cardac causes of raised trop
pulmonary embolism, renal falK

S

Cardiology Committee h cehtly redefined the diagnostic crite-
ria (see table 3). Sinc ﬁmﬁ troponin | assays are not directly
comparable (there |£Q/ roponin T assay available due to
patent reasons), @ on% ocument recommends that each
its cut-offs individually at the 99th
control group, with a < 10% variance.®

Cardiac Society Working Group suggested

#ical myocardial infarction.®® Importantly, however, it is

g clear that elevation of cardiac troponin in many clinical
arios is likely to represent irreversible myocardial injury and

indicate a poorer prognosis regardless of the aetiology.
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