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Elevated plasma levels of the cardiac tropon-
ins (cTn) I and T are highly sensitive and 

specific biomarkers of myocardial necrosis, and 
are firmly established in the diagnosis and risk 
assessment of acute coronary syndrome (ACS).1 
The universal definition of myocardial infarction 
(MI) published in 2007, requires an increasing 
or decreasing pattern of cTn measurement with 
at least one value exceeding the 99th percentile of 
a normal population (with a coefficient of varia-
tion <10% for that assay).2 In addition, the rise 
in troponin must be accompanied by symptoms 
suggestive of myocardial ischemia, with at least 
one additional factor such as ECG changes or 
imaging evidence of new loss of viable myocar-
dium.

In critically ill patients, the incidence of raised 
serum cTn is high. A meta-analysis by Lim re-
ported the following frequencies; 43% across all 
patient groups (IQR 21%-59%), 60% in septic 
patients, 53% in medical ICUs, 43% in mixed 

medical and surgical ICUs and 32% in mixed 
surgical and trauma ICUs.3, 4 The majority of 
these patients (approximately 70%) do not have 
flow limiting coronary artery disease as judged 
by stress echocardiography or postmortem di-
agnosis.5 Such non-coronary cTn rises are most 
commonly associated with sepsis 6 and respira-
tory failure,7 as well as chronic kidney disease,8, 9 
pulmonary embolism,10 heart failure,11-13 stroke 
14 and atrial fibrillation.15 Although the mecha-
nisms of myocardial injury are poorly under-
stood and multifactorial, the end result of a rise 
in cTn is universally predictive of poor patient 
outcomes (Table I).16-43 There are currently no 
proven therapeutic interventions for this patient 
cohort. The authors of the above reviews in gen-
eral take a common sense approach of treating 
the underlying condition, improving the myo-
cardial oxygen demand and supply balance and 
remaining vigilant for objective evidence of an 
MI.
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A B S T R A C T
Assays of cardiac troponin have become a cornerstone in the diagnosis of myocardial infarction across a broad range 
of clinical settings. In critically ill patients, cardiac troponin is detectable in the plasma in up to 60% of cases, and 
this incidence may increase further as assays become more sensitive. Troponin rises in critical care are commonly 
unrelated to pathology in the coronary arteries, but are frequently associated with conditions such as sepsis and respi-
ratory failure. Such non-coronary troponin release is a significant, independent predictor of poor patient outcomes, 
and can be incorporated into risk scoring systems. Despite adding prognostic value, treatment for non-coronary tro-
ponin rises remains limited to management of the underlying cause, and restoration of a favourable balance between 
myocardial oxygen demand and supply. Conversely, troponin rises secondary to myocardial infarctions are amenable 
to the same interventions as in any other setting, albeit with additional diagnostic and therapeutic challenges. In this 
review, we will explore the utility of troponin as a biomarker in critical care, and we will outline a pragmatic manage-
ment strategy for this patient population. (Minerva Anestesiol 2012;78:1039-45)
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For intensive care patients who have cTn re-
lease secondary to an MI (approximately 30%),5 
there are established treatment pathways. Regu-
lar troponin tests of high sensitivity may lead to 
earlier detection of this cohort.16 This is partic-
ularly true in critical care, as the symptoms of 
ischaemia are often masked by analgesic drugs 
and low consciousness levels, and subtle ECG 
changes can be missed by continuous cardiac 

monitoring. When a MI is detected by troponin 
screening there are often barriers to early com-
mencement of anti-platelets, anticoagulants, 
beta-blockers and ACE inhibitors, because of 
concomitant conditions. Thus, the potential to 
improve outcomes may be unfulfilled.17

Despite the limitations of troponin as a bi-
omarker in critical care, it also has enormous 
utility, and the medical establishment has con-

Table I.—�Overview of literature assessing prognostic value of troponin in high-risk patients

Patient population First author (Year) Troponin cut-off(s) Positive test Hospital mortality; troponin raised vs 
normal (unless stated otherwise)

All ICU patients Lim (2006) 3 Meta-analysis using 
variable cut-offs

43% Odds ratio for death =2.5 [95% 
CI 1.9-3.4, P<0.001]*

ICU patients (non-
coronary rises only)

Stein (2008) 35 cTnI>100ng/L, 
<1490ng/L

38% 28% vs. 5%, P<0.0001*

Sepsis in ICU Mehta (2004) 6 cTnI>1000ng/L 43% 56% vs. 24%, P=0.04
Sepsis in ICU Rosjo (2011) 36 cTnT>10ng/L

HScTnT >14ng/L
cTnT = 60%
HScTnT = 100%

HScTnT higher in non-survivors; 
54 vs. 35 ng/L, P=0.047

Sepsis in ICU (non-
coronary rises only)

Ravindranath (2012) 37 cTnI>100ng/L 56% 36.1% vs. 15%, P<0.01

Acute respiratory disease 
in ICU

Vasile (2010) 7 cTnT>10ng/L 42% 21% vs. 1.5%, P<0.0001*

Vascular surgery Redfern (2011) 38 Meta-analysis using 
variable cut-offs

16% 30 day mortality: 
NSTEMI=21.6%, non-coronary 
rise =11.6%, normal =2.3%, 
P=0.000001

End stage renal failure Hickson (2008) 39 cTnT>10 ng/L 61% Mortality waiting for kidney 
transplant: hazard ratio =1.729 
[95% CI 1.25-2.39, p=0.01]*

End stage renal failure Deegan (2001) 40 cTnT>100ng/L 27% Mortality at 15 months: 65% vs. 
15%, P<0.00001*

End stage renal failure Apple (2002) 41 cTnT>10/30/100 ng/L
cTnI>100/400/600 ng/L

0-82% Relative risk of death: cTnT=3.9 
[95% CI, 1.9-7.9; P<0.001], 
cTnI=2.1 [95% CI, 1.3-3.3, 
P=0.007]*

Atrial fibrillation 
(excluding patients with 
STEMI)

Van den Bos (2011) 15 cTnI>650ng/L 19% Hazard ratio of all cause mortality; 
3.77 [95% CI 1.42-10.02]*

Pulmonary hypertension 
(ACS excluded)

Heresi (2012) 42 cTnI>1ng/L 25% Hazard ratio for death (3 year 
follow up); 4.74 [95% CI 1.89-
11.89, p<0.001]*

Acute heart failure Peacock (2008) 12 cTnT>100ng/L or 
cTnI>1000ng/L

6.2% 8.0% vs 2.7%, P<0.001*

Pulmonary embolism Lankeit (2010) 10 HScTnT>14ng/L 64% HScTnT higher in patients with at 
least one 30-day adverse outcome 
(71.7 vs. 26.4, P=0.027)

Stroke Sandhu (2008) 14 cTnI>400ng/L 14-21% Ischemic stroke; 65% vs. 
4% (P<0.001), Intracerebral 
haemorrhage; 64% vs. 28% 
(P<0.005), subarachnoid 
haemorrhage; 40% vs. 11% 
(P<0.005)

Traumatic brain injury Salim (2008) 43 cTnI>300ng/L 30% 44% vs. 29%, P<0.05*

*Raised troponin is an independent predictor of mortality using multivariate analysis
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Non-coronary troponin rises

In 70% of critical care patients with a tropon-
in rise, there is no demonstrable coronary artery 
pathology.5 A diagnosis of a non-coronary tro-
ponin rise can be made when ECG and echocar-
diography changes do not meet the criteria for 
the universal definition of MI. The aetiology 
of troponin leak in these circumstances is com-
plex and poorly understood.4 A final common 
pathway must involve myocardial cell damage, 
necrosis or apoptosis, leading to cTn release into 
the plasma. The antecedents to this pathway are 
broad and include sepsis, respiratory failure, pul-
monary embolism, atrial fibrillation, renal fail-
ure, heart failure, stroke and high-risk surgery.

Despite HS tests leading to greater detection 
of non-coronary troponin rises, there are still no 
evidence-based interventions shown to improve 
outcomes. Thus, most critical care physicians are 
limited to addressing the underlying condition 
and applying sound clinical principles. A recent 
nationwide survey in the USA revealed broad 
differences in approach amongst 310 intensiv-
ists.25 The most common treatments imple-
mented were aspirin or clopidogrel (76%), beta 
blockers (68.7%), high dose statins (48.9%), 
low molecular weight or unfractionated heparin 
(47.4%) and an ACE inhibitor (37.6%). A large 
proportion would request a cardiology con-
sultation (72.7%) and many would refer for a 
coronary angiogram once stable (51.3%). The 
authors concluded that more research is required 
to determine the treatment for elevated tropon-
ins in cases not associated with ACS.

Although therapeutic options are limited, 
making a diagnosis of a non-coronary troponin 
rise may be useful for prognostic purposes. In 
many conditions plasma troponin levels are 
strongly predictive of short and long-term mor-
tality (Table I). For example, intensive care pa-
tients with acute respiratory disease and a raised 
troponin, have up to a 30-fold increase in their 
observed short, medium and long-term mor-
tality, compared to a very low death rate when 
cTn is not raised.7 In these patients a history of 
coronary artery disease was not a predictor of 
mortality, suggesting a predominantly non-cor-
onary aetiology for the troponin release. Thus, 

tinued to drive improvements in the sensitivity 
of troponin assays. As a consequence, more pa-
tients will be identified as high-risk and the im-
petus for appropriate interpretation increases. In 
this review we aim to additionally address some 
of the uncertainty surrounding the utility of tro-
ponin assays in the intensive care setting, and we 
will outline a pragmatic strategy aimed towards 
improving patient outcomes.

High sensitivity troponin assays

High sensitivity (HS) troponin assays repre-
sent the 5th generation of their class. There is a 
limit of detection 10-100 fold less than conven-
tional assays, and they have been successfully 
developed to facilitate earlier detection of acute 
myocardial infarction.18 Even in a largely cardio-
vascular disease free population, the prevalence 
of a positive HS troponin test is between 19-
24.8%,19, 20 and this is associated with a greater 
5-year mortality. The improved sensitivity is such 
that there may be a role for troponin assays in 
the primary prevention of cardiovascular disease 
or as a chronic marker of established illness.21

The introduction of HS troponin assays into 
clinical practice has lead to an increase in the 
number of patients diagnosed with MIs, and a 
reduction in morbidity and mortality.22, 23 This 
was observed in parallel with an increase in 
cardiology referrals, coronary angiography and 
dual antiplatelet therapy. The impact on the in-
tensive care population is less clear, as few stud-
ies utilise the HS tests. Indeed, there is consid-
erable heterogeneity in the assays employed in 
the literature, making across study comparisons 
difficult. In a move towards standardisation, 
Apple proposed that two criteria must be met 
to qualify an assay as high sensitivity;18, 24 1) the 
coefficient of variation at the 99th percentile be 
≤10%; and 2) the measurable concentrations 
below the 99th percentile should be attainable 
with an assay at a concentration value above 
the assay’s limit of detection for at least 50% of 
healthy individuals. In addition, Apple recom-
mended that concentrations should be meas-
ured in nanograms per litre (ng/L). Adherence 
to these criteria will assist future appraisal of the 
evidence base.

COPYRIGHT© 2012 EDIZIONI MINERVA MEDICA
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In terms of prognostic value, troponin rises as 
part of a diagnosis of MI are highly predictive of 
poor outcomes. In the same prospective study 
described above, Lim reported that patients 
with MIs had a longer duration of mechanical 
ventilation (4 days [0.5-12.5]) compared to pa-
tients with isolated troponin rises (2 days [0-3]) 
or normal levels (1 day [0-2]), P<0.0001. They 
also had a longer duration of ICU stay (5[2-14] 
vs. 4[3-7] vs. 2 [1-4] days respectively, P=0.002), 
and a higher hospital mortality (43% vs. 26.7% 
vs. 2% respectively, P>0.0001).

Clinical management

Not withstanding the limitations of troponin 
as a basis for improving outcomes, we believe 
there is sufficient evidence to justify a degree 
of screening in most critical care units. The fre-
quency of such screening should be determined 
at a local level based on knowledge of the pa-
tient population, access to cardiology services 
and cost. In our practice, we currently perform 
daily troponin assays as part of our routine ICU 
profiles. A retrospective review of our unit before 
HS tests were introduced, demonstrated that 
38% patients had a positive troponin on admis-
sion (cTnI>40ng/L), rising to 52% when the 
whole ICU stay was considered, with even small 
increases in troponin (50-120 ng/L) being asso-
ciated with increased mortality.28. As we now use 
HS tests as standard, we expect the current inci-
dence of troponin rises to be even higher.

The next step is to develop cardiology serv-
ices that can react promptly to a positive tro-
ponin result with clinical assessment, ECG and 
echocardiography investigations as required. 
Thus, patients can be quickly categorised into 
MI and non-coronary groups. The MI patients 
should then be discussed in a multi-disciplinary 
environment to ensure optimal medical man-
agement and follow up are implemented, taking 
into account each patients risk profile and con-
traindications.

Finally, patients in the non-coronary group 
should be identified as an at-risk population, and 
have an urgent clinical review by a senior critical 
care doctor. An emphasis should be placed on 
optimal treatment of the underlying condition 

non-coronary troponin rises have significant 
prognostic value, and this may be enhanced in 
studies employing the higher sensitivity assays.

Myocardial infarction

Patients in intensive care are at high risk of MI 
and there are specific diagnostic and therapeutic 
challenges compared to other settings. North-
ern European studies suggest the incidence of 
ischemic heart disease (IHD) for those admitted 
to a critical care unit is approx 29%, which is 
nearly double that of a comparable age and sex 
matched cohort for the general population.26 
Furthermore, critical illness predisposes to physi-
ological stress, stimulation of prothrombotic 
pathways, hypoxia, tachycardia and imbalances 
in oxygen consumption and delivery. In addition 
to a high incidence of MI, the standard alert proc-
esses are often removed, as sedation and analgesia 
preclude the patient from reporting symptoms. 
Clearly, an ST elevation infarct (STEMI) should 
be detected on continuous cardiac monitoring, 
and primary PCI or thrombolysis can be consid-
ered. It is the non-ST elevation MIs (NSTEMI), 
with only subtle ECG changes or regional wall 
motion abnormalities, that may be missed in this 
population. As NSTEMIs carry a worse long-
term prognosis than STEMIs there is a consider-
able opportunity to improve outcomes.27

To address these issues, Lim et al. conducted 
a prospective study of patients admitted to a 
mixed medical and surgical ICU (N.=112).17 All 
patients underwent systematic screening with 
frequent cTn measurements and ECGs, and 
were classified as having had an MI (35.9%), an 
isolated troponin rise (14.6%), or no troponin 
rise (49.5%). The ICU team were blinded to 
the screening results, and correctly diagnosed 
14 patients (12.5%) as having a MI on clinical 
grounds. Although the screening programme was 
clearly effective at identifying additional patients 
with MIs, the outcomes for those identified by 
routine clinical practice were similar. This equiv-
alence in outcomes may reflect the challenges to 
appropriate and timely medical intervention for 
MIs in this population. Ultimately, larger trials 
will be necessary to further evaluate the utility of 
screening programmes.
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poor prognosis. It may be that myocardial dam-
age leads to relative heart failure and subsequent 
organ dysfunction. Alternatively, cardiac func-
tion may be preserved and outcomes are simply 
related to the severity of the underlying disease.

The evolution of the cardiac troponin assays 
has been driven by the quest for quicker, more 
reliable diagnoses of acute MI, and has accen-
tuated the dilemmas of interpretation in critical 
care. As the sensitivity of assays has increased, 
several interesting observations have come to 
light. For example, a number of healthy indi-
viduals have raised troponins,31, as do nearly 
all marathon runners after strenuous exercise.32 
As yet, these results have not been associated 
with poor outcomes, and may reflect a degree of 
physiologically mediated cardiac remodelling.33 
Drawing a distinction between physiological 
and pathological aetiologies will be of clear im-
portance. There are suggestions that the speed 
and magnitude of troponin rises measured by 
HS tests may illuminate this issue.34

Overall, the use of troponin as a biomarker 
across many clinical settings is the subject of 
intense investigation. In critical care there is a 
role for early detection of MI and improved risk 
modelling. Larger trials are necessary to evaluate 
whether troponin based clinical algorithms lead 
to an improvement in patient outcomes.

In the meantime, we recommend a pragmatic 
approach based on troponin screening, close liai-
son with cardiology services and an experienced 
clinician review for the non-coronary cohort. 
The primary intention is to replicate the im-
provements in detection and outcomes of MIs 
that have been achieved in non-critical care set-
tings. In our opinion, future studies in critical 
care patients should differentiate between non-
coronary troponin rises and MI, and should fo-
cus on novel therapeutic interventions guided by 
the results of mechanistic studies.

and consideration of any other hitherto unrec-
ognised diagnoses e.g. pulmonary embolism. In 
addition, parameters such as heart rate, after-
load, inotropes, haemoglobin and oxygen levels 
should be optimised. Extra vigilance for the evo-
lution of an MI is appropriate and may require 
daily ECGs or interval echocardiography. A 
comparison of the incidence of raised troponin 
on admission and for the whole ICU stay may 
form the basis of a global quality measurement 
for each local unit.

Discussion

As troponin rises in critical-care are frequent 
and carry a poor prognosis, there is a clear im-
petus for further evaluation of the utility of this 
biomarker. A pressing question for local units 
is whether to introduce a screening programme 
based on current evidence. Using public health 
criteria, screening is appropriate when a condi-
tion is important, there is a suitable test, there is 
an accepted treatment for patients with the dis-
ease, and the costs of case finding are justified29. 
We believe that these criteria are met for patients 
with MIs that would otherwise go undetected. A 
by-product of this approach is the identification 
of a large cohort of non-coronary troponin rises, 
which raises further challenges.

The difficult interpretation of non-coronary 
troponin rises reflects the limited understand-
ing of the aetiology of myocardial cell injury. It 
is clear how an acute coronary event or an oxy-
gen supply-demand imbalance can render heart 
cells ischaemic, and how the subsequent necrosis 
leads to troponin release into the plasma. It is 
less clear how a diverse group of disease processes 
can result in troponin leaks with no evidence of 
coronary disease, and why this should be such 
a consistent predictor of poor outcomes. The 
mechanisms of such non-coronary troponin ris-
es are in urgent need of investigation. Recently 
proposed hypotheses include paracrine mediated 
(e.g. natriueretic peptides) increases in cell mem-
brane permeability, direct toxicity from inflam-
matory cytokines and catecholamine-induced 
cellular injury.30 In addition to elucidating the 
mechanisms involved, it will be important to 
understand why troponin release carries such a 

Key messages

—— Troponin rises occur in up to 60% 
of critically ill patients and are strong, inde-
pendent predictors of poor outcomes.

COPYRIGHT© 2012 EDIZIONI MINERVA MEDICA

T
hi

s 
do

cu
m

en
t 

is
 p

ro
te

ct
ed

 b
y 

in
te

rn
at

io
na

l c
op

yr
ig

ht
 la

w
s.

N
o 

ad
di

tio
na

l r
ep

ro
du

ct
io

n 
is

 a
ut

ho
riz

ed
.I

t 
is

 p
er

m
itt

ed
 fo

r 
pe

rs
on

al
 u

se
 t

o 
do

w
nl

oa
d 

an
d 

sa
ve

 o
nl

y 
on

e 
fil

e 
an

d 
pr

in
t 

on
ly

 o
ne

 c
op

y 
of

 t
hi

s 
A

rt
ic

le
.I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
m

ak
e 

ad
di

tio
na

l c
op

ie
s

(e
ith

er
 s

po
ra

di
ca

lly
 o

r 
sy

st
em

at
ic

al
ly

, 
ei

th
er

 p
rin

te
d 

or
 e

le
ct

ro
ni

c)
 o

f 
th

e 
A

rt
ic

le
 fo

r 
an

y 
pu

rp
os

e.
It 

is
 n

ot
 p

er
m

itt
ed

 t
o 

di
st

rib
ut

e 
th

e 
el

ec
tr

on
ic

 c
op

y 
of

 t
he

 a
rt

ic
le

 t
hr

ou
gh

 o
nl

in
e 

in
te

rn
et

 a
nd

/o
r 

in
tr

an
et

 f
ile

 s
ha

rin
g 

sy
st

em
s,

 e
le

ct
ro

ni
c 

m
ai

lin
g 

or
 a

ny
 o

th
er

m
ea

ns
 w

hi
ch

 m
ay

 a
llo

w
 a

cc
es

s 
to

 t
he

 A
rt

ic
le

.T
he

 u
se

 o
f 

al
l o

r 
an

y 
pa

rt
 o

f 
th

e 
A

rt
ic

le
 fo

r 
an

y 
C

om
m

er
ci

al
 U

se
 is

 n
ot

 p
er

m
itt

ed
.T

he
 c

re
at

io
n 

of
 d

er
iv

at
iv

e 
w

or
ks

 f
ro

m
 t

he
 A

rt
ic

le
 is

 n
ot

 p
er

m
itt

ed
.T

he
 p

ro
du

ct
io

n 
of

 r
ep

rin
ts

 fo
r 

pe
rs

on
al

 o
r 

co
m

m
er

ci
al

 u
se

 is
no

t 
pe

rm
itt

ed
.I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
re

m
ov

e,
 c

ov
er

, 
ov

er
la

y,
 o

bs
cu

re
, 

bl
oc

k,
 o

r 
ch

an
ge

 a
ny

 c
op

yr
ig

ht
 n

ot
ic

es
 o

r 
te

rm
s 

of
 u

se
 w

hi
ch

 t
he

 P
ub

lis
he

r 
m

ay
 p

os
t 

on
 t

he
 A

rt
ic

le
.I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
fr

am
e 

or
 u

se
 f

ra
m

in
g 

te
ch

ni
qu

es
 t

o 
en

cl
os

e 
an

y 
tr

ad
em

ar
k,

 lo
go

,
or

 o
th

er
 p

ro
pr

ie
ta

ry
 in

fo
rm

at
io

n 
of

 t
he

 P
ub

lis
he

r.



HAMILTON	 TROPONIN IN CRITICALLY ILL PATIENTS

1044	 MINERVA ANESTESIOLOGICA	 September 2012

in-hospital mortality in patients with ischemic stroke, in-
tracerebral hemorrhage, and subarachnoid hemorrhage. Am 
J Cardiol 200 8;102:632-4.

15.	 van den Bos EJ, Constantinescu AA, van Domburg RT, 
Akin S, Jordaens LJ, Kofflard MJ. Minor elevations in 
troponin I are associated with mortality and adverse car-
diac events in patients with atrial fibrillation. Eur Heart J 
2011;32:611-7.

16.	 Keller T, Zeller T, Peetz D, Tzikas S, Roth A, Czyz E et al. 
Sensitive troponin I assay in early diagnosis of acute myo-
cardial infarction. N Engl J Med 2009;361:868-77.

17.	 Lim W, Holinski P, Devereaux PJ, Tkaczyk A, McDonald 
E, Clarke F et al. Detecting myocardial infarction in critical 
illness using screening troponin measurements and ECG 
recordings. Crit Care 2008;12:R36.

18.	 Apple FS. A new season for cardiac troponin assays: it’s time 
to keep a scorecard. Clin Chem 2009;55:1303-6.

19.	 Leistner DM, Klotsche J, Pieper L, Stalla GK, Lehnert H, 
Silber S et al. Circulating troponin as measured by a sensi-
tive assay for cardiovascular risk assessment in primary pre-
vention. Clin Chem 2012;58:200-8.

20.	 de Lemos JA, Drazner MH, Omland T, Ayers CR, Khera 
A, Rohatgi A et al. Association of troponin T detected with 
a highly sensitive assay and cardiac structure and mortality 
risk in the general population. JAMA 2010;304:2503-12.

21.	 Gilstrap LG, Wang TJ. Biomarkers and cardiovascular risk 
assessment for primary prevention: an update. Clin Chem 
2012;58:72-82.

22.	 Mills NL, Churchhouse AM, Lee KK, Anand A, Gamble 
D, Shah AS et al. Implementation of a sensitive troponin I 
assay and risk of recurrent myocardial infarction and death 
in patients with suspected acute coronary syndrome. JAMA 
2011;305:1210-6.

23.	 White HD, Chew DP. Acute myocardial infarction. Lancet 
2008;372:570-84.

24.	 Apple FS, Collinson PO. Analytical characteristics of high-
sensitivity cardiac troponin assays. Clin Chem 2012;58:54-
61.

25.	 Gundre P KM, Kulbak G, Kupfer Y, Tessler S. Elevated Tro-
ponin Cs in Intensive Care Units - A Nationwide Survey of 
Critical Care Physicians. Chest 2011;140:1013A-A.

26.	 Walsh TS, McClelland DB, Lee RJ, Garrioch M, Maciver 
CR, McArdle F et al. Prevalence of ischaemic heart disease 
at admission to intensive care and its influence on red cell 
transfusion thresholds: multicentre Scottish Study. Br J An-
aesth 2005;94:445-52.

27.	 Terkelsen CJ, Lassen JF, Norgaard BL, Gerdes JC, Jensen 
T, Gotzsche LB et al. Mortality rates in patients with ST-
elevation vs. non-ST-elevation acute myocardial infarc-
tion: observations from an unselected cohort. Eur Heart J 
2005;26:18-26.

28.	 Reynolds T, Cecconi M, Collinson P, Rhodes A, Grounds 
RM, Hamilton M. Raised serum cardiac troponin I con-
centrations predict hospital mortality in intensive care unit 
patients. Br J Anaest 2012;109:219-24.

29.	 Wilson J JG. Principles and practice of screening for dis-
ease. Geneva: WHO; 1968

30.	 Agewall S, Giannitsis E, Jernberg T, Katus H. Troponin el-
evation in coronary vs. non-coronary disease. Eur Heart J 
2011;32:404-11.

31.	 Daniels LB, Laughlin GA, Clopton P, Maisel AS, Barrett-
Connor E. Minimally elevated cardiac troponin T and el-
evated N-terminal pro-B-type natriuretic peptide predict 
mortality in older adults: results from the Rancho Bernardo 
Study. J Am Coll Cardiol 2008;52:450-9.

32.	 Mingels A, Jacobs L, Michielsen E, Swaanenburg J, Wodzig 
W, van Dieijen-Visser M. Reference population and mara-
thon runner sera assessed by highly sensitive cardiac tropo-
nin T and commercial cardiac troponin T and I assays. Clin 
Chem 2009;55:101-8.

33.	 Ellison GM, Waring CD, Vicinanza C, Torella D. Physi-

References

  1.	 Alpert JS, Thygesen K, Antman E, Bassand JP. Myocardial 
infarction redefined--a consensus document of The Joint 
European Society of Cardiology/American College of Car-
diology Committee for the redefinition of myocardial inf-
arction. J Am Coll Cardiol 2000;36:959-69.

  2.	 Thygesen K, Alpert JS, White HD, Jaffe AS, Apple FS, Gal-
vani M et al. Universal definition of myocardial infarction. 
Circulation 2007;116:2634-53.

  3.	 Lim W, Qushmaq I, Devereaux PJ, Heels-Ansdell D, 
Lauzier F, Ismaila AS et al. Elevated cardiac troponin 
measurements in critically ill patients. Arch Intern Med 
2006;166:2446-54.

  4.	 Lim W, Whitlock R, Khera V, Devereaux PJ, Tkaczyk A, 
Heels-Ansdell D et al. Etiology of troponin elevation in 
critically ill patients. J Crit Care 2010;25:322-8.

  5.	 Ammann P, Maggiorini M, Bertel O, Haenseler E, Joller-
Jemelka HI, Oechslin E et al. Troponin as a risk factor for 
mortality in critically ill patients without acute coronary 
syndromes. J Am Coll Cardiol 2003;41:2004-9.

  6.	 Mehta NJ, Khan IA, Gupta V, Jani K, Gowda RM, Smith 
PR. Cardiac troponin I predicts myocardial dysfunction and 
adverse outcome in septic shock. Int J Cardiol 2004;95:13-
7.

  7.	 Vasile VC, Chai HS, Khambatta S, Afessa B, Jaffe AS. 
Significance of elevated cardiac troponin T levels in criti-
cally ill patients with acute respiratory disease. Am J Med 
2010;123:1049-58.

  8.	 Khan NA, Hemmelgarn BR, Tonelli M, Thompson CR, 
Levin A. Prognostic value of troponin T and I among 
asymptomatic patients with end-stage renal disease: a meta-
analysis. Circulation 2005;112:3088-96.

  9.	 Sommerer C, Beimler J, Schwenger V, Heckele N, Katus 
HA, Giannitsis E et al. Cardiac biomarkers and survival in 
haemodialysis patients. Eur J Clin Invest 2007;37:350-6

10.	 Lankeit M, Friesen D, Aschoff J, Dellas C, Hasenfuss G, 
Katus H et al. Highly sensitive troponin T assay in normo-
tensive patients with acute pulmonary embolism. Eur Heart 
J 2010;31:1836-44

11.	 Latini R, Masson S, Anand IS, Missov E, Carlson M, Vago 
T et al. Prognostic value of very low plasma concentrations 
of troponin T in patients with stable chronic heart failure. 
Circulation 2007;116:1242-9.

12.	 Peacock WFt, De Marco T, Fonarow GC, Diercks D, Wyn-
ne J, Apple FS et al. Cardiac troponin and outcome in acute 
heart failure. N Engl J Med 2008;358:2117-26.

13.	 Perna ER, Macin SM, Canella JP, Augier N, Stival JL, Cialze-
ta JR et al. Ongoing myocardial injury in stable severe heart 
failure: value of cardiac troponin T monitoring for high-risk 
patient identification. Circulation 2004;110:2376-82.

14.	 Sandhu R, Aronow WS, Rajdev A, Sukhija R, Amin H, 
D’Aquila K et al. Relation of cardiac troponin I levels with 

—— Screening programmes are successful 
in detecting more patients with MIs, but the 
potential outcome benefits of this effect are 
unproven.

—— There are no specific therapeutic op-
tions available for non-coronary troponin 
rises, and their utility is currently limited to 
improved prognostication.
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