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Abstract

In the Emergency Department cardiac troponins heepreferred biomarkers for the diagnosis of acuoy@cardial
infarction (MI) and are useful for risk stratifioat of patients with acute coronary syndrome (A@8&J stable ischemic
heart disease. The introduction of ‘high sensiivitroponins (hscTn) in many tertiary care centeas transformed the
diagnostic scenario, wherein, the time from ongethest pain to its diagnosis has significantlyrbeeduced. With the
advent of new hsTnl assays, which have a low liafitdetection, low imprecision and low reference itimthe
possibility of more patients with unstable angirginly classified as having non-ST-elevation myogrdifarction
(NSTEMI) will now increase. Its use will identify are high-risk patients with undifferentiated chpain, that will help
‘rule-in’ or ‘rule-out’ acute myocardial infarction conclusion, it may be said that hsTropl iseasitive, albeit less
specific marker of MI. In patients of mildly eleeat hsTropl and without evidence of ST elevatiosedal assessment
of the biomarker is suggested. This will likelyristate into more improved outcomes in this diffiquitient population
when ECG findings and clinical presentation doswggest a clear diagnosis.
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Introduction

Cardiovascular disease is the leading cause ofhdeatldwide and coronary artery disease is its npostvalent
manifestation. In clinical practice cardiac tropmi(cTn) are the cornerstone of diagnosis, risktiftration and
selection of optimal treatment strategy in patiemith acute coronary syndrome. According to thedthipdate of the
universal definition of myocardial infarction (MIETn is the preferred cardiac biomarker of myoardecrosis in the
setting of acute myocardial ischemia.

Cardiac troponins | (cTnl) and T (cTnT) have fondg been used as standard biomarkers for deteafiomyocardial
injury, for risk stratification in patients suspedtof acute coronary syndrome, and for the diagnosimyocardial
infarction. However, there is increasing evidenesda on recent clinical database, which favoursuie of high-
sensitivity (hs) troponin assays as the initial keafor acute cardiac conditions (1,2).

The purpose of this review is to analyse the sicguiice of the prefix ‘hs’ in the background of thiechemistry of cTnl
and to address the issues arising from biologieaiation, assay imprecision characteristics andiptes ‘rule-in’ and
‘rule-out’ of myocardial infarction using hs tropgan assays.

Human cTnl occurs in cardiac muscle tissue as glesisoform of 209 amino acid residues, with a roolar weight of
approximately 23-24 kDa. Three human cTnl isofohage been described: one is produced in cardiaclengsTnl),
and one isoform each is produced in slow-twitch fast-twitch skeletal muscles (slow sTnl and fastisrespectively)

).
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Fig-1: Arrangement of cTropl in the cardiac tissue

Significance of ‘hs’: The term “high sensitivity” reflects the charagtécs of the assay and does not refer to a difieze

in the form of cardiac troponin being measured.es@wnames have been used in the literature feethssays, including
“high-performance,” “highly sensitive,” “high-setisie,” “ultrasensitive,” “novel highly sensitive,”sensitive,” and
“high sensitivity.” In a scorecard concept, an gdgsgproposed to be ‘high sensitivity’ or ‘hs’ if ineets 2 basic criteria
(4). First, the total imprecision (CV) at the 94ibrcentile value should b€10%. Second, measurable concentrations
below the 99th percentile should be attainable Withassay at a concentration value above the 'adsaif of detection

for at least 50% (and ideally >95%) of healthy widiials to attain the highest level of scorecarsigt@ation. Troponin
assays have been developed with successive gemsratich that they can detect increasingly lowlseoEtroponin (5).

This has incrementally reduced the diagnostic éfstfor the rule-out of Ml from 0.5ug/L in the first generation assays
to the levels of 0.05-0.4g/L (3rd generation), which are in widespread wgtay. However, the recent development of
high-sensitivity troponin (hsTn) assays, which arause in a few centres, can detect levels as 9W0.03ug/L (3
ng/L).The highly sensitive troponin assays remadve heed to wait for several hours after the on$athest pain
symptoms required by previous assays in orderli@bitg detect enough circulating troponin to confior exclude MI. It
also means that the concept of a 'negative' tropbacomes relatively redundant as troponin at siewa can almost
always be detected even in healthy patients. Theseepts will therefore, have widespread clinicaplications. The
diagnostic sensitivity of hsTn assays (ability tderout MI) are of the order of 90-95% when test¢dhe point of
admission (6,7). When compared with older assaigsisha marked improvement, but it still allows thetential for
missing 5-10% of all Mls, with potentially adversensequences for patient care.

The counterpoint to the excellent sensitivity of hdesting is a lower specificity (ability to ruie-Ml). Although cardiac
troponin is, by definition, completely specific foryocardial injury, it is not specific for the diagsis of acute MI. This
leads to a problem for hsTn where specificity hasrbreported to be 80-85% (6). Phosphorylatioraadiac troponin
| (cTnl) by protein kinase C (PKC) is implicateddardiac dysfunction. Recently, Serine 199 (Ser1€#®) identified as
a target for PKC phosphorylation and increased ®:phosphorylation occurs in end-stage failing hainmgocardium
compared to the non-failing myocardium. Ser199 deegrhosphorylation decreased cTnl binding to battinaand

actin-tropomyosin.

Moreover, altered susceptibility of cTnl to protgsis by calpain | was found when Ser199 was pseimsphorylated.
Published data demonstrate that low levels of Jen199 pseudo-phosphorylation (~6%) increase nayoéht Ca
(2+)-sensitivity in human cardiomyocytes, most ljkby decreasing the binding affinity of cTnl foctan-tropomyosin.
In addition, cTnl-Ser199 pseudo-phosphorylatiomaitation regulates calpain | mediated proteoly&isiml (8).
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Gender specificity of hs Tropl: Gender is an important determinant of cardiovasais, and men generally develop
cardiovascular disease earlier than women. Incdelesels of hs-Tnlhave been shown to be prediativeardiovascular
death, with stronger effects in women. Howevereihains unclear whether the stronger associatibmea® hs-Tnl and
cardiovascular death in women is based on thetyhifihs-Tnl to predict myocardial infarction (MOr heart failure
(HF). One study aimed at assessing the influenggeofler on the association between levels of hsamdlincidence of
MI and HF. hs-Tnl was measured in 5,060 women a4 men (all free from known cardiac disease atlize)
participating in the prospective observational gtuthe C-index for hs-Tnl was stronger for womearthmen for Ml
(p <0.001), and it was concluded that in the gdrmopulation, the association between hs-Tnl cottaéons and Ml is
stronger in women than in men. For HF, the impdajender on the prognostic value of hs-Tnl was tbtm be less
pronounced. Increased levels of troponin |in wommeay thus reflect an adverse phenotype more pron¢he
development of cardiovascular disease (9).

Another study showed sex-dependent differences sfinhin the 99th percentile of healthy populatiomith
concentrations in women being approximately 50% elowAlthough increasing the proportion of women hwit
increased troponin |, adopting sex-specific cuteffth the hs-Tnl assay did not lead to an increasgMI diagnoses in
females, or in the number of women undergoing ajrgiohy (10). Another study included 2077 adultsrfithe general
population aged 25-41 years without cardiovascdiaease. cTnl was measured using a high-sensitasgay. A
stepwise backward linear regression analyses wdsrped to identify variables independently asswdawith hs-Tnl
levels. Sex, age, and systolic blood pressure feengd to be the strongest determinants of hs-Ttieialthy adults. The
99th percentile was three times higher in men coethao women. Hence, it was concluded that sexipeit-off
values may be preferable when applying hs-Tnl éoeesning purposes (11).

‘Rule in” and ‘Rule out’ of AMI: In a prospective, observational study of consgeypatients presenting to emergency
departments where high-sensitivity cardiac tropohiihs-Tnl) was measured on clinical indicationg thegative
predictive value (NPV) and diagnostic sensitivifyam hs-Tnl concentration <limit of detection (LoB) presentation
was determined for acute myocardial injury andAbtl or cardiac death at 30 days. It was observed éhsingle hs-Tnl
concentration <LoD rules out acute myocardial ipjuegardless of etiology, with an excellent NP\d atiagnostic
sensitivity, and identifies patients at minimakrisf AMI or cardiac death at 30 days (12). Anoteardy compared the
incidence of undetectable (below the limit of détat (LoD)), measurable (LoD to 99th percentil@)dancreased cTnl
(concentrations above the 99th percentile) betwegin-sensitivity cTnl (hs-Tnl) and contemporary tRssays. It was
concluded that the hs-Tnl assay provides cliniciaitk more numeric cTnl concentrations. This ocotesa shift from
results below the LoD to those between the LoD #ired 99th percentile and does not increase the nuwibeTnl
concentrations above the 99th percentile (13).yEhdgnosis of acute myocardial infarction (AMI)ncansure quick and
effective treatment but only 20% of adults with egency admissions for chest pain have an AMI. hs-a$says may
allow rapid rule-out of AMI and avoidance of unnssary hospital admissions and anxiety. Eighteedietuwere
included in a clinical effectiveness review.

The optimum strategy used a limit of blank (LoB)liarit of detection (LoD) threshold (depending dre tmanufacturers
guidelines) in a presentation sample to rule outl ARatients testing positive were then subjected forther test at 2
hours with a conclusion that a result above thé @8ntile on either sample and a delta ¢f > 20% has some potential
for ruling in an AMI whereas a result below thel®8entile on both samples and &f <20% can be used to rule out an
AMI. There was some evidence to suggest that hste3ting may provide cost-effective approach tdyeare-out of
AMI. However, further research is needed to cladfptimal diagnostic thresholds and testing strate¢l4). The early
triage of patients toward rule-out and rule-in ofite myocardial infarction (AMI) is challenging. &itefore, one study
aimed at developing a 2-h algorithm high-sensitidardiac troponin | (hs-Tnl). hs-Tnl was measuatgresentation
and after 2 h in a blinded fashion. A simple altjori incorporating hs-Tnl baseline values and alleahih changes
allowed a triage toward safe rule-out or accurate-in of AMI in the majority of patients (15). krtnational guidelines
recommend that early serial sampling of high seiitsittroponin be used to accurately identify AMh ipatients
presenting with chest pain. The background evideocehis approach is limited. One study evaluatdtether on
presentation and 4-hour hs-Tnl could be used tarately rule-out AMI. This study concluded that Tisk>99th
percentile thresholds measured on presentationratddhours was not a safe strategy to rule-out AMithis clinical
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setting irrespective of whether sex-specific 99¢ércpntiles were used, or whether hs-Tnl was condbingh ECG
results (16). Another multicentric study aimed togpectively derive and validate a novel 1h-al¢ponitusing hs-Tnl for
early rule-out and rule-in of acute myocardial mfaon. Using a simple algorithm incorporating Hasehs-Tnl values
and the absolute change within the first hour alosafe rule-out as well as accurate rule-in of eaguyocardial
infarction in 70% of patients presenting with sugpd acute myocardial infarction (17). Another stedaluated the
incidence of major adverse cardiac events (MACE) ytar in emergency department (ED) patients pitssible acute
coronary syndromes, stratified by high hs-Tnl cani@ions using sex-specific cut points compareth wiverall cut
points. It was observed that sex-specific cut gointprove the identification of women but not merrigk for 1-year
MACE and the net-effect across the whole ED poprdatvith possible cardiac chest pain was minintalvds suggested
that lowering the clinical cut-off point for botlexes may be appropriate for prognostic purposes (& prospective
multicenter diagnostic study, 1,500 patients presgrwith suspected AMI to the emergency departmegrie enrolled.
The final diagnosis was centrally adjudicated bindependent cardiologists blinded to hs-Tnl conediuns. The hs-
Tnl 0-/2-hour algorithm incorporated measuremeetsggmed at baseline and absolute changes withiout. The study
concluded that the hs-Tnl 0-/1-hour algorithm perfe very well for early rule-out as well as ruleehAMI and may be
used as a safe and effective approach to subskantiduce the time to diagnosis (19).

Assessment of patients with suspected non-ST éevatyocardial infarction (NSTEMI) is based on dacdtroponin
(cTn) levels with the 99th percentile as cut-offovtever, cardiovascular risk starts already at loweponin
concentrations. The utility of 2-hour algorithmsngsthe hs-Tnl 97.5th percentile as cut-off wasnested. It concluded
that the hs-Tnlat 97.5th percentile integrated Rvwour algorithms provided high diagnostic estesaand could, due to
better prognostic properties serve as an altemadtvthe 99th percentile (20). A prospective, neeltitric study was
conducted to analyse whether levels of hs-cTn béf@iv respective 99th percentile can be usedsaisgle parameter to
rule out AMI at presentation. hs-cTn was measur@dgufour different methods (hs-cTnT Roche, hs-$Sidmens, hs-
Tnl Beckman Coulter and hs-Tnl Abbott) in conseatpatients presenting to the emergency departmihtacute
chest pain and the patients were followed for deatAMI during a mean period of 24 months. It wasmduded that
normal hs-Tnl levels at presentation should notis¥ed as a single parameter to rule out AMI as 6%-28adjudicated
AMI cases had normal levels of hs-cTn levels asengation. It also highlighted the lack of standsation among hs-
Tnl assays resulting in substantial differenceseinsitivity and NPV at the 99th percentile (21)atother study, a third-
generation high sensitivity "guidelines acceptaldeponin | assay (hs-Tnl) was evaluated againstbmatemporary
“clinically usable" troponin assay (cTnl). Baseliard 90-minute samples of patients suspected tsuffering from
acute coronary syndrome were analyzed for cTnlhaadinl. Sensitivity, specificity, positive and néiga predictive
values for AMI and 30-day adverse cardiac evenSEAwere compared.The hs-Tnl assay achieved a B0tenrule
out for AMI and detected more than three times asymAMI cases. The specificity increased with #80% criteria.
The hs-Tnl assay also detected more cases of patieisk for adverse cardiac events at 30 dayk @2veral assays for
the measurement of cardiac troponin (cTn) are abks| but differences in their analytical performas may affect the
diagnosis of acuteMI.A survey was conducted aDalhish departments of clinical biochemistry at li@dp receiving
patients with suspected acute Ml to gather infoimmatibout the assay and cut-off value used. It e@xluded that
several assays for the measurement of cardiac riop(Tn) are available, but differences in themalgtical
performances may affect the diagnosis of Ml (23).

Factors influencing levels of hsTropl:In another study conducted to ascertain correlatés-Tnl and its incremental
prognostic utility for incident coronary heart dise (CHD) among older asymptomatic subjects, hsaBsl measured in
stored baseline serum samples. After a medianwellp of 11.3 years, 164 CHD events were documentbd. most
significant correlates of hs-Tnl were black racedy mass index, hypertension, LDL cholesterol astimated
glomerular filtration rate (eGFR) (24). In anotlstudy, blood was collected from apparently healtigyviduals and the
outcome as to all-cause death and incidence ofaascular disease (CVD) and coronary heart dis€@stb) was
followed up to 10 years. It suggested that hs-Teflects the status of the myocardium even in segyihealthy
individuals and that the measurements of hs-Tnl bwwseful for primary prediction of heart diseaBeis could form
the basis of future prospective clinical trials étermining whether measuring hs-Tnl can be usetd prevention of
CVD/CHD (25). Another study compared the diagnosiicuracy of conventional troponin/traditional auaoy artery
disease (CAD) assessment and hsTn l/advanced C#éssament for acute coronary syndrome (ACS) duthiagridex
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hospitalization. It was concluded that hsTnl at time of presentation followed by early advancedooary CTA

assessment improves the risk stratification andrdiatic accuracy for ACS as compared to converitivoponin and
traditional coronary CTA assessment (26). In anostady, the relationship of cardiac troponin (cTeyels with

conventional and ambulatory blood pressure (BR)oung and healthy adults was evaluated. Usingas$ay, hs-Tnl
was detectable in virtually all participants of aupg and healthy population. hs-Tnl was indeperngesisociated with
systolic BP and left ventricular hypertrophy (2&nhother study was conducted to determine whethdmhswhich is

detectable in a higher proportion of normal sulggbtin hsTnT, is associated with a major advensiczaascular event
(MACE) in patients of type 2 diabetes mellitusdé&monstrated that elevated hs-Tnl in patients W&BM is associated
with increased MACE, HF, Ml and cardiovascular rabty. Importantly, a normal hs-Tnl level has ancelient

negative predictive value for future adverse caraézular events during long-term follow-up (28).oftmer study was
designed to evaluate simultaneously conventional to§ether with their corresponding highly sensitdeterminations
in stable hemodialysis (HD) patients. Ability of o stratify HD patient risk was assessed. A lgogeportion of

patients free of acute coronary syndrome (ACS) i@uad to have hs-cTn lhigher than the 99th peitenthich could

be seen as a limiting factor for ACS screening .(29)

Patients with end-stage renal failure were foundexhibit a chronic elevation of serum cardiac tmaipo(cTn)
concentration. In order to facilitate the diagnasfisnyocardial infarction in these patients, ihiscessary to distinguish
an increased cTn concentration due to a acute gvent that being a manifestation of chronic elévatlt was seen that
long-term biological variation of ¢Tn in stable haedialysis patients is similar to that in healtimgividuals and in
patients with stable coronary arterial diseaseiabeneasurements are required to detect significiiainges in cTn
concentrations and support diagnosis of myocaidfatction in these patients (30). A well-charaized community-
based cohort of 2042 study participants underwimtal assessment and echocardiographic evaludiiaseline hs-Tnl
measurements were obtained in 1843 individuals.sMiedole hs-Tnl was identified in 93% of the comny+biased
study cohort and 88% of the healthy reference dohor

Parameters that significantly contributed to highsfTnl concentrations in the healthy referenceodoimcluded age,
male sex, systolic blood pressure, and left vemticmass. Glomerular filtration rate and body miaskex were not
independently associated with hs-Tnl in the healdigrence cohort. Individuals with diastolic arygtslic dysfunction,
hypertension, and coronary artery disease (buimpaired renal function) had significantly highes-Tinl values than
the healthy reference cohort (31).

Conclusion

It has been seen generally that chest pain is anoom myocardial infarction. The use of hs-Tnl assaysl wil
presenting symptom in the emergency department; identify more high-risk patients among millions who
however, the majority of these chest pain admission  present to the Emergency Departments each year with
are not due to AMI. AMI can be life threatening and  undifferentiated chest pain. This will likely traate

early diagnosis or rule out of AMI might potentiall into more appropriate care and improved outcomes in
improve morbidity and mortality, as well as redtioee this difficult patient population when ECG findingad

to decision and overall treatment costs. Over st | clinical presentation do not suggest a clear diaigno
few years newer hs-cTnassays have been develoged th  Recent studies have shown that their utilizatioanse
are more sensitive than conventional assays, hawve | to improve the diagnostic accuracy in detecting il
limit of detection, low imprecision and low refegen patients presenting with chest pain. However, the
limits. improved sensitivity comes along with a decreased

specificity, though serial hs-Tnl measurements #ed
The development of hsTropl assays enables precise detection of early changes could improve the sjwtyif

guantification of extremely low  troponin and the overall diagnostic performance. Moreovearta
concentrations. Such hs-tropl assays are recomrdende from their use in the diagnosis and risk strattfiwa of
in early rule-out protocols for AMI, when measuraid MI and acute coronary syndromes, hs-Tnl assays seem

presentation and again at 3-6 h. With the advent to have a key role in risk stratification and shand
ofnew hs-Tnl assays, more patients with unstable long-term prognosis in a variety of cardiovascular
angina will be classified as having non-ST-elevatio modalities such as stable coronary disease, haiairtef

International Journal of Medical Research and Review Available online at: www.ijmrr.in 84 | Page



January, 2017/ Vol 5/Issue 01

ISSN- 2321-127X

and acute pulmonary embolism. In addition, studies
have suggested that hs-Tnl may be used as a biemark
in the primary prevention of cardiovascular disease
leading to the identification of high-risk poputats or
individuals with silent heart disease.

However, due to assay variability, the deploymena o
standardization and harmonization method is reduire
before their wide use in clinical practice. In clus@on,

it may be said that these hs-Tnl assays will define
high-risk patient population that was not possivieh
older generation assays and will probably lead tmem
appropriate therapy and improved outcomes in these
patients.
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