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Introduction

According to the fourth universal definition of myocardial 
infarction (1), which has been subscribed or endorsed by the 
vast majority of cardiology associations and organizations 
worldwide, an ischemic myocardial injury shall now be 
diagnosed in the presence of a rise and/or a fall of cardiac 
troponins value, with at least one measurement exceeding 
the 99th percentile of the upper reference limit (URL), 
and accompanied by at least: (I) symptoms of myocardial 
ischemia; (II) newly developed ischemic electrocardiography 
(ECG) abnormalities (including Q waves); (III) evidence 
of newly onset loss of viable myocardium or regional wall 
motion abnormalities in a pattern suggestive for ischemia; 
and (IV) detection of intracoronary thrombi during 
angiographic assessment or autopsy.

This latest characterization of acute myocardial infarction 
(AMI), which appears a rather commonsensical evolution 
of the previous definitions (2), further emphasizes a central 
aspect in AMI diagnostics. Essentially, the measurement 
of cardiac troponins has been reiterated as biochemical 
gold standard for diagnosing myocardial injuries, thus also 
including irreversible myocardial ischemia. This conclusion 
is strongly supported by evidence that the measurement of 
additional laboratory tests such as creatine kinase isoenzyme 
MB (CK-MB), myoglobin, copeptin, heart-type fatty acid 
binding protein (h-FABP) or ischemia modified albumin 
among others would no longer be cost-effective, since the 
assessment of these other biomarkers could only provide 
modest or no incremental clinical information whilst 
contextually (and unreasonably) enhancing laboratory 
expenditures (3).

The so-called troponin complex is basically formed by 
three regulatory proteins, which are integral to skeletal and 
cardiac muscle contraction. The three protein moieties have 

been defined according to their basic function in muscle 
contraction. Therefore, troponin I (TnI) is named for 
“Inhibiting” the ATP-ase activity of actomyosin, troponin 
T (TnT) for binding “Tropomyosin” and troponin C 
(TnC) for binding “Calcium” (4). Importantly, although the 
biochemical structure of TnC is almost identical in both 
skeletal and cardiac muscle, TnT and TnI are encoded by 
specific genes in the cardiac muscle, which hence produce 
the cardiac-specific isoforms cTnT (troponin T2 cardiac-
type gene; TNNT2) and cTnI (troponin I3 cardiac-type 
gene; TNNI3) (5). Park et al. (6) carried out a protein 
alignment study and found that human cTnI only displays 
63% and 57% homology with slow-twitch skeletal muscle 
isoform TnI (ssTnI) and fast-twitch skeletal muscle 
(fsTnI), respectively. A direct comparison of the cardiac 
and skeletal muscle isoforms of both cTnI and cTnT is 
provided in Figure 1, as retrieved from the National Center 
for Biotechnology Information (NCBI) protein structure 
database (7).

The providential structural heterogeneity of cardiac 
and skeletal muscle TnT and TnI has then enabled to 
produce monoclonal antibodies specifically targeting 
epitopes contained in the cardiac counterparts, which 
have been successfully used for manufacturing commercial 
immunoassays and for specifically measuring cardiac 
troponins in serum or plasma of patients with cardiac 
injury (8). Although it has been now clearly established 
that the degradation of the troponin complex after cardiac 
injuries may induce post-translational modifications that 
would finally alter antibody binding (9,10), Katrukha et al. 
recently showed that samples drawn at different time points 
from different patients with AMI displayed a quite similar 
array of cTnI fragments, and that monoclonal antibodies 
specifically targeting the central 34–126 amino acid domain 
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of cTnI were capable to bind all the various immunoreactive 
isoforms (11). Similar evidence has been provided for  
cTnT (12),  thus suggesting that cardiac troponin 
degradation occurs at a greater extent in the injured cardiac 
tissue than in the bloodstream.

The unremitting refinement of cardiac troponin 
immunoassays since their first appearance at the end of the 
last century has now allowed to produce and commercialize 
the so-called high-sensitivity (HS) immunoassays (13), which 
enable to detect few micrograms of injured myocardial tissue, 

so allowing to diagnose very modest and even transitory 
cardiac injuries (14-16). The diagnostic superiority and cost-
effectiveness of these innovative methods over the former 
generation of contemporary-sensitive techniques has now 
been unquestionably established (17,18).

Despite the role of cardiac troponins for diagnosing 
myocardial ischemia is hence unquestionable, a dilemma is 
still engaging the minds of many clinicians and laboratory 
professionals. Is the measurement of one cardiac troponin 
(i.e., cTnT or cTnI) better than the other? (19). This 

Figure 1 Predicted protein sequence of human isoforms of troponin I (cTnI) and troponin T (TnT) (7).

Human Troponin I (TnI)

Cardiac troponin I (human) 210 Aa

1   madgssdaar eprpapapir rrssnyraya tephakkksk isasrklqlk tlllqiakqe

61  lereaeerrg ekgralstrc qplelaglgf aelqdlcrql harvdkvdee rydieakvtk

121 niteiadltq kifdlrgkfk rptlrrvris adammqallg arakesldlr ahlkqvkked

181 tekenrevgd wrknidalsg megrkkkfes

Slow skeletal muscle troponin I (human) 187 Aa

1   mpeverkpki tasrklllks lmlakakecw eqeheereae kvrylaerip tlqtrglsls

61  alqdlcrelh akvevvdeer ydieakclhn treikdlklk vmdlrgkfkr pplrrvrvsa

121 damlrallgs khkvsmdlra nlksvkkedt ekerpvevgd wrknveamsg megrkkmfda

181 aksptsq

Fast skeletal muscle troponin I (human) 182 Aa

1   mgdeekrnra itarrqhlks vmlqiaatel ekeesrreae kqnylaehcp plhipgsmse

61  vqelckqlha kidaaeeeky dmevrvqkts keledmnqkl fdlrgkfkrp plrrvrmsad

121 amlkallgsk hkvcmdlran lkqvkkedte kerdlrdvgd wrknieeksg megrkkmfes

181 es

Human Troponin T (TnT)

Cardiac muscle troponin T (human) 298 Aa

1   msdieevvee yeeeeqeeaa veeeedwred edeqeeaaee daeaeaetee traeedeeee

61  eakeaedgpm eeskpkprsf mpnlvppkip dgervdfddi hrkrmekdln elqalieahf

121 enrkkeeeel vslkdrierr raeraeqqri rnerekerqn rlaeerarre eeenrrkaed

181 earkkkalsn mmhfggyiqk qaqterksgk rqterekkkk ilaerrkvla idhlnedqlr

241 ekakelwqsi ynleaekfdl qekfkqqkye invlrnrind nqkvsktrgk akvtgrwk

Slow skeletal muscle troponin T (human) 278 Aa

1   msdteeqeye eeqpeeeaae eeeeapeepe pvaepeeerp kpsrpvvppl ippkipeger

61  vdfddihrkr mekdllelqt lidvhfeqrk keeeelvalk erierrrser aeqqrfrtek

121 ererqaklae ekmrkeeeea kkraeddakk kkvlsnmgah fggylvkaeq krgkrqtgre

181 mkvrilserk kpldidymge eqlrarsawl ppsqpscpar ekaqelsdwi hqlesekfdl

241 maklkqqkye invlynrish aqkfrkgagk grvggrwk

Fast skeletal muscle troponin T (human) 269 Aa

1   msdeeveqve eqyeeeeeaq eeaaevheev hepeevqedt aeedaeeekp rpkltapkip

61  egekvdfddi qkkrqnkdlm elqalidshf earkkeeeel valkeriekr raeraeqqri

121 raekererqn rlaeekarre eedakrraed dlkkkkalss mganyssyla kadqkrgkkq

181 taremkkkil aerrkplnid hlgedklrdk akelwetlhq leidkfefge klkrqkydit

241 tlrsridqaq khskkagtpa kgkvggrwk
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substantial question has persuasively emerged during the 
past decade, and will probably become more relevant in the 
future as an inevitable consequence of the ongoing process of 
reorganization and consolidation of laboratory services (20).  
In this evolving scenario, tenders for purchasing or renting 
laboratory instrumentation will increasingly broaden, will 
lead to enhanced consolidation of clinical chemistry and 
immunochemistry testing, but will also expand beyond 
the physical boundaries of local laboratories, extending to 
many diagnostic services within provincial, regional and 
even national networks (21). This would finally obligate 
both laboratory professionals and clinicians to submissively 
implement cardiac troponin immunoassays (either cTnT or 
cTnI), whose procurement will be included in large tenders 
for supplying laboratory instrumentation and reagents. 
Since finding a reliable answer to the question as to whether 
one cardiac troponin is better than the other would strongly 
condition our practical behaviors, we will try to solve the 
puzzle in the following part of this article, with the help of 
some evidence-based information.

Clinical evidence

The number of studies which have assessed the diagnostic 
performance of cardiac troponins for diagnosing AMI is 
colossal. A simple Medline (PubMed interface) search using 
the keywords “troponin” AND “myocardial infarction” 

produces now over 7,800 hits. To restrict our search, 
we have arbitrarily decided to select the largest studies 
published so far, containing simultaneous information on at 
least 3 different HS cardiac troponin immunoassays, with 
diagnostic performance calculated on admission and 1, 2 
and 3 hours afterward, and including ≥300 patients (Table 1).

The very first study based on the new HS cardiac 
troponin immunoassays was published by Reichlin et al., 
in 2009 (22). The authors used two HS cTnI and one HS 
cTnT immunoassays for studying 718 consecutive patients 
admitted to the emergency department with signs or 
symptoms of acute coronary syndrome, 123 (17%) of whom 
were finally diagnosed has having an AMI. The diagnostic 
performance of the different immunoassays at the different 
time points was almost overlapping, with an area under the 
curve (AUC) comprised between 0.96 and 0.98 (Table 1).

In an ensuing study, Reiter et al used two HS cTnI and 
one HS cTnT immunoassays in 401 consecutive patients 
aged >70 years, admitted to the ED with signs or symptoms 
suggestive for acute coronary syndrome, in 98 (24.4%) of 
whom a final diagnosis of AMI could be adjudicated (23).  
Even in this study the diagnostic performance of the 
different immunoassays at different time points was very 
similar, displaying an AUC comprised between 0.92 and 
0.97 (Table 1).

More recently, Boeddinghaus et al. used two HS 
cTnI and one HS cTnT immunoassays in 1,579 patients 

Table 1 Diagnostic performance of cardiac troponins measured with high-sensitivity immunoassays

Authors  
(reference)

Patients At admission, AUC
Serial sampling

1-h AUC 2-h AUC 3-h AUC

Reichlin et al., 
2009 (22)

718 (123 with AMI; 
17%)

Roche cTnT: 0.96; 
Abbott cTnI: 0.96; 
Siemens cTnI: 0.96

Roche cTnT: 0.98; 
Abbott cTnI: 0.96; 
Siemens cTnI: 0.97

Roche cTnT: 0.96; 
Abbott cTnI: 0.96; 
Siemens cTnI: 0.96

Roche cTnT: 0.98; 
Abbott cTnI: 0.98; 
Siemens cTnI: 0.98

Reiter et al.,  
2011 (23)

401 aged >70 years 
(98 with AMI; 24.4%)

Roche cTnT: 0.92; 
Abbott cTnI: 0.93; 
Siemens cTnI: 0.94

Roche cTnT: 0.95; 
Abbott cTnI: 0.95; 
Siemens cTnI: 0.95

Roche cTnT: 0.96; 
Abbott cTnI: 0.97; 
Siemens cTnI: 0.96

Roche cTnT: 0.97; 
Abbott cTnI: 0.97; 
Siemens cTnI: 0.97

Boeddinghaus  
et al., 2019 (24)

1,579 (243 with AMI; 
15.4%)

Roche cTnT: 0.94;  
Abbott cTnI: 0.92; 
Beckman Coulter  

cTnI: 0.95

Roche cTnT: 0.96; 
Abbott cTnI: 0.94; 
Beckman Coulter 

cTnI: 0.96

Roche cTnT: 0.97; 
Abbott cTnI: 0.93; 
Beckman Coulter  

cTnI: 0.96

Roche cTnT: 0.97; 
Abbott HS cTnI: 0.96; 

Beckman Coulter  
cTnI: 0.98

Twerenbold  
et al., 2015 (25)

447 with renal  
dysfunction (160 with 

AMI; 35.8%)

Roche cTnT: 0.87; 
Abbott cTnI: 0.87; 

Siemens cTnI: 0.89; 
Beckman Coulter  

cTnI: 0.89

Roche cTnT: 0.90; 
Abbott cTnI: 0.89; 

Siemens cTnI: 0.92; 
Beckman Coulter 

cTnI: 0.92

Roche cTnT: 0.91; 
Abbott cTnI: 0.90; 

Siemens cTnI: 0.91; 
Beckman Coulter  

cTnI: 0.93

Roche cTnT: 0.94; 
Abbott cTnI: 0.93; 

Siemens cTnI: 0.91; 
Beckman Coulter  

cTnI: 0.94

AUC, area under the curve; AMI, acute myocardial infarction; cTnI, cardiac troponin I; cTnT, cardiac troponin T.
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consecutively admitted to the emergency department with 
signs or symptoms of acute coronary syndrome, 243 (15.4%) 
of whom were finally diagnosed has having an AMI (24). 
Like previous findings, the diagnostic performance of the 
three different immunoassays at the different time points 
was very similar, with an AUC ranging between 0.92 and 
0.98 (Table 1).

Additional useful information could then be garnered 
from some other investigations, with different populations 
or study design. Twerenbold et al. performed a multicenter 
study, based on the use of 4 HS cardiac troponin 
immunoassays in 2,813 patients admitted with symptoms 
of AMI, 447 (i.e., 16%) with impaired renal function (25). 
A final diagnosis of AMI was made in 160 (i.e., 35.8%) 
patients with renal dysfunction. Interestingly, the overall 
diagnostic performance of the four different cardiac HS 
troponin immunoassays (one HS cTnT and three HS cTnI 
methods) not only was extremely similar in the entire cohort 
of patients (all AUCs comprised between 0.93 and 0.94),  
but was also virtually identical in the subset of patients 
with impaired renal function (Table 1). Another interesting 
study was recently published by Schaaf et al., who studied 
the kinetics of cardiac troponins in 29 consecutive patients 
diagnosed with ST-elevation myocardial infarction  
(STEMI) (26). Cardiac troponins were measured with three 
different HS immunoassays and the course of myocardial 
injury was monitored with contrast-enhanced cardiac 
magnetic resonance. Interestingly, the correlation between 
infarct mass and peak troponin value was 0.73 for Roche HS 
cTnT, 0.69 for Abbott HS cTnI and 0.57 for Siemens HS 

cTnI, respectively, whilst the AUC of cardiac troponin peak 
value for detecting microvascular obstruction was virtually 
identical (Roche HS cTnT, 0.91; Abbott HS cTnI, 0.98; 
Siemens HS cTnI, 0.86).

Conclusions

The current diagnostic armamentarium of cardiac troponin 
immunoassays is relatively vast. Regular updates on the 
characteristics of the different methods can be found in 
the website of the International Federation of Clinical 
Chemistry and Laboratory Medicine (IFCC) (27). Due 
to a licensing agreement, the cTnT HS immunoassay 
is only marketed by Roche Diagnostics, whilst other in 
vitro diagnostic (IVD) companies have developed and 
commercialized cTnI HS methods. It is undeniable that 
a substantial variability still makes the results of currently 
available cardiac troponin immunoassays poorly comparable, 
so that the standardization of HS methods remains an 
unmet target, not only between cTnI and cTnT techniques, 
but also among the various cTnI immunoassays (28).  
Nevertheless, published evidence suggests that the 
diagnostic performance of the currently available HS 
techniques seems highly comparable. Overall, the diagnostic 
efficiency at the different time points has been found nearly 
overlapping, irrespective of renal function, in the four 
large studies that we have reviewed (Table 1). Just minor 
differences were observed, which are not likely to influence 
the diagnostic performance of these immunoassays in clinical 
practice, as shown in Figure 2 and Table 2 (P always >0.5  

Figure 2 Combined diagnostic performance of cardiac troponins measured with high-sensitivity immunoassays at different time points. 
cTnI, cardiac troponin I; cTnT, cardiac troponin T.

0.99

0.98

0.97

0.96

0.95

0.94

0.93

0.92

0.91

A
re

a 
un

de
r 

th
e 

cu
rv

e 
(A

U
C

)

Roche cTnT                      Abbott cTnl                      Siemens cTnl              Beckman Coulter cTnl
Immunoassay



Journal of Laboratory and Precision Medicine, 2019 Page 5 of 6

© Journal of Laboratory and Precision Medicine. All rights reserved. J Lab Precis Med 2019;4:19 | http://dx.doi.org/10.21037/jlpm.2019.04.06

for multiple comparisons).
Therefore, both clinicians and laboratory professionals 

should be reassured that the currently available and 
cl inical ly  val idated commercial  cardiac troponin 
immunoassays perform equally in diagnosing AMI, 
regardless of time of patient admission and renal function. 
According to currently reliable evidence, it seems hence 
reasonable to conclude that one cardiac troponin is not 
better than the other for diagnosing AMI, neither one HS 
cTnI commercial immunoassay seems to exhibit better 
diagnostic performances compared to the others.
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