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Abstract 

Myocardial infarction (MI) ranks among the top injuries in morbidity and mortality globally, demanding prompt 

and efficient methods for diagnosis. Using high-sensitive cardiac troponin I (hs-cTnI) assays" has greatly 

improved the MI diagnosis by identifying myocardial injury much earlier than standard assays. The purpose of the 

review was to investigate the diagnostic value of hs-cTnI in MI and its benefits over ordinary troponin assays, 

clinical applications, challenges, and prospects in cardiovascular diagnostics. A thorough analysis of the literature 

dealing with hs-cTnI assays, as well as their clinical effectiveness, sensitivity, specificity, and use in diverse 

patient populations was performed. The focus of the analysis is on comparative studies, biomarker performance 

evaluation, and new diagnostic protocol development. Hs-cTnI assays enhance the diagnosis of MI by detecting 

cardiac troponin at lower concentrations, which allows for timely intervention and risk stratification. This 

distinguishes MI from other cardiac and non-cardiac problems and is very useful in special populations like the 

elderly, women, and patients with chronic kidney disease. hs-cTnI tests have shown considerable challenges like 

the degree of standardization of the assay and false positive results in non-ischemic circumstances. Because it 

permits more accurate and timely MI notifications, the integration of hs-cTnI assays into clinical practice aids in 

the accurate and timely detection of troponin myocardial injury. Clinical cut-off diagnostic values as well as AI-

based predictive analysis and quantities interpretation-dependent variability need more optimized values in future 

research. 

 
Keyword: Troponin assays, risk stratification, sensitivity, specificity - Cardiac biomarkers, Myocardial Infarction (MI) 

Introduction 

Myocardial Infarction (MI) is listed among the 

top causes of death in most regions of the world 

making it necessary to accurately and quickly be 

diagnosed [1]. High sensitivity and specificity [2, 

3] of cardiac biomarkers ensures they are 

preferred the world over for MI, especially for 

the cardiac troponins. The detection of 

myocardial injury has been aided by the 

introduction of high sensitivity cardiac troponin I 

(hs-cTnI) assay which allows earlier diagnosis 

and better patient outcome [4, 5]. This review 

will look at the role of hs-cTnI in MI diagnosis 

as well as its advantages and disadvantages 

relative to the other conventional troponin assays 

both in the clinical setting and other applications, 

challenges and future perspectives [6, 7] 

Pathophysiology of Myocardial Infarction and 

Biomarkers 

MI is the pathological blockage of one or more 

coronaries systems for avascular regions which 

results in the ischemia followed by necrosis of 

the magic muscle [8, 9]. The more of muscle 

involved the greater the release of the cellular 

markers of myocardial injury and necrosis like 

the troponins [10, 11]. The markers of heart
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muscle injury (cardiac troponin I and troponin T) 

always have specificity for the heart and hence 

are the most preferred genes [12, 13] The 

emergence of high-sensitivity tests facilitates the 

identification of troponin at markedly lower 

doses, hence enhancing early diagnosis [14,15].  

In addition to troponins, several biomarkers like 

creatine kinase-MB (CK-MB), myoglobin, and 

heart-type fatty acid-binding protein (H-FABP) 

have been investigated for myocardial infarction 

identification. Nonetheless, these indicators do 

not possess the specificity and diagnostic preci-

sion offered by hs-cTnI [16,17].   

Biological Function of Cardiac Troponin-I 

Cardiac Troponin-I (cTnI), a regulatory protein 

within the troponin complex, is specific to 

cardiomyocytes.  Its release is directly associated 

with the severity of myocardial damage, 

establishing it as a gold-standard biomarker.  In 

contrast to cTnT, cTnI has minimal expression in 

skeletal muscle, hence increasing specificity for 

cardiac disorders [18,19]. 

High-Sensitivity Cardiac Troponin I Assays 

High-sensitivity cardiac troponin assays can 

detect troponin levels in more than 50% of 

healthy individuals, hence improving cardiov-

ascular risk evaluation [20,21].  These assays 

exhibit a high negative predictive value for 

ruling out myocardial infarction in emergency 

situations [22,23]. The 4th Universal Definition 

of Myocardial Infarction emphasizes the 

importance of hs-cTnI in differentiating type 1 

MI (resulting from atherosclerotic plaque 

rupture) and  type 2 MI (attributable to oxygen 

supply-demand imbalance) [24,25].  

Clinical Adoption and Guidelines 

Since 2018, the Fourth Universal Definition of 

MI has endorses hs-cTnI for diagnosis, 

emphasizing serial measurements and absolute 

URL thresholds. Major cardiology societies, 

including the European Society of Cardiology 

(ESC), advocate hs-cTnI integration into 

accelerated diagnostic protocols (ADPs).  

Diagnostic Performance of hs-cTnI 

Sensitivity and Specificity 

A multicenter prospective cohort study (n= 

1,200) demonstrated hs-cTnI’s superior 

sensitivity (94% vs. 78%) and specificity (85-

90%) compared to conventional assays within 

the first hour of presentation. This aligns with 

meta-analyses showing hs-cTnI’s negative 

predictive value (NPV) of 97–99%, effectively 

excluding MI in low-risk patients.  

Clinical Applications of hs-cTnI in MI Diagnosis 

Early Detection and Risk Stratification 

Hs-cTnI assays enable the detection of 

myocardial injury within hours of symptom 

onset, reducing the time to diagnosis compared 

to conventional assays [26,27]. This is especially 

vital in emergency rooms, where swift triage of 

patients presenting with chest discomfort is 

essential [28,29].  Moreover, hs-cTnI aids in the 

risk classification of patients with suspected 

acute coronary syndrome (ACS) [30,31]. 

Differentiating MI from Non-Ischemic Causes 

Hs-cTnI assays help differentiate MI from other 

causes of troponin elevation, such as 

myocarditis, heart failure, and renal disease 

[32,33]. Serial measurements of hs-cTnI over a 

short duration provide valuable insight into the 

dynamic changes associated with acute 

myocardial injury [34,35]. Moreover, hs-cTnI 

plays a role in identifying patients with stable 

ischemic heart disease at higher risk of future 

cardiovascular events [36,37]. 

Use in Special Populations 

Elderly patients, women, and individuals with 

chronic kidney disease often present with 

atypical MI symptoms, making hs-cTnI an 

essential diagnostic tool in these populations 

(38,39). The ability to detect minute elevations 

enhances clinical decision-making [40,41]. 
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Recent studies also suggest the use of hs-cTnI in 

pediatric populations for the assessment of 

congenital heart disease and myocardial 

involvement in systemic conditions [42,43]. 

Comparison with Conventional Troponin 

Assays 

Conventional troponin assays have limitations in 

detecting low levels of troponin, particularly in 

early-stage MI [44,45]. High-sensitivity assays 

provide improved precision and earlier 

diagnosis, reducing the risk of missed MI cases 

[46,47]. Several studies have demonstrated that 

hs-cTnI assays reduce the need for prolonged 

observation in emergency settings, leading to 

cost savings and better resource utilization. 

Furthermore, hs-cTnI has been incorporated into 

rapid rule-out algorithms, improving patient flow 

and reducing overcrowding in emergency 

departments [48]. Clinical Feature listed in Table 

(1) showed difference in the Conventional 

Troponin Assays compared to High-Sensitivity- 

Troponin Assays  (hs-cTnI) 

 

Table 1: showed difference in the Conventional 

Troponin Assays compared to High-Sensitivity- 

Troponin Assays  (hs-cTnI) 

Feature 
Conventional Troponin 

Assays 

High-Sensitivity- 

Troponin Assays (hs-cTnI) 

Sensitivity 
Lower sensitivity, may miss 

early MI cases 

Detects very low troponin levels, 

allowing early diagnosis 

Detection Time 
Detectable 6–12 hours 

after MI onset 

Detectable within 1–3 hours 

after MI onset 

Specificity 
Moderate specificity for 

cardiac injury 

High specificity, but requires 

careful interpretation 

Diagnostic Accuracy 
Less accurate in ruling out 

MI in early stages 

High negative predictive value 

for MI exclusion 

Clinical Application 
Mainly used for MI 

confirmation 

Used for MI rule-in and 

rule-out algorithms 

Impact on  

Emergency 

Care 

Requires multiple tests and 

longer observation 

Reduces length of hospital stay 

and improves patient flow 

 

Challenges and Limitations of hs-cTnI 

Testing 

Despite its advantages, hs-cTnI testing has 

challenges, including variability in assay results 

due to differences in laboratory standards. 

Additionally, false-positive results can occur due 

to non-ischemic conditions, necessitating careful 

interpretation in clinical contexts. Standardi-

zation of cutoff values across different assays 

remains a critical issue. Another challenge is the 

impact of preanalytical variables such as sample 

handling, storage conditions, and assay inter-

ference from heterophile antibodies [49]. 

Future Directions and Innovations 

       Ongoing research aims to refine hs-cTnI 

assay technology to enhance specificity while 

maintaining high sensitivity. The integration of 

hs-cTnI with artificial intelligence (AI) and 

machine learning models holds promise for 

improving diagnostic accuracy. Furthermore, 

multi-biomarker approaches combining hs-cTnI 

with inflammatory or metabolic markers may 

further enhance MI detection. Efforts to develop 

point-of-care hs-cTnI testing devices may enable 

rapid diagnostics in remote and resource-limited 

settings [50]. 

 

Conclusion  

      "High-sensitivity cardiac troponin I (hs-

cTnI)" assays have adically changed the 

approach towards the diagnosis and treatment of 

myocardial infarction (MI). In this review, we 

demonstrate how hs-cTnI has markedly 

improved the accuracy of diagnostics and 

facilitated the earlier recognition of myocardial 

injury relative to conventional troponin assays. 

The identification of low-level troponin increases 

by hs-cTnI facilitates prompt risk classification 

and action to enhance patient outcomes. The 

integration of hs-cTnI into clinical practice 

presents several challenges. Significant concerns 

persist regarding variability in test performance, 

false-positive results in non-ischemic situations, 

and the absence of standardized cutoff values 

among laboratories. Additionally, understanding 

hs-cTnI levels in certain populations, the elderly, 

women, and those with chronic kidney disease, 
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requires more thought to avoid misdiagnosis. 

Future studies must aim towards increasing 

specificity of hs-cTnI assay technologies while 

retaining high sensitivity. Incorporating artificial 

intelligence (AI) and machine learning with hs-

cTnI testing is one of the best routes for 

improving accuracy and efficiency in the 

diagnostic process. The implementation of multi-

biomarker strategies that integrate hs-cTnI and 

other inflammatory and metabolic markers may 

also enhance the evaluation of cardiovascular 

risk. To sum up, the hs-cTnI assays are still a 

great deal of progress in the detection of 

myocardial infarction; however, additional work 

is necessary in the areas of standardization of test 

methods, improvement of clinical processes, as 

well as the devising of new methodologies to 

attend to the markers of cardiovascular disease. 

With the progression of biomarker research, the 

clinical application of hs-cTnI will be amplified, 

which will improve the management and 

outcomes associated with myocardial infarction. 

 

Conflict of interest 

None   

 

References  

[1] Garg P, Dhanjal MK, Ranjan R, Malhotra S. 

The role of cardiac biomarkers in the 

assessment of patients with chest pain. 

Journal of Cardiology Reviews, 2017, 

25(3), 99-109. 

[2] Freund Y, Lemachatti N, Plaisance P. Early 

diagnosis of acute myocardial infarction by 

a rapid bedside test. Critical Care. 2011, 

15(2), R147. 

[3] Chaulin A.M. Biomarkers in the diagnosis 

and management of cardiovascular disea-

ses. Biomolecules, 2022,12(2), 255. 

[4] Lambrakis K, Tsakiri A, Koutouzis M. 

Contemporary management of acute coro-

nary syndrome. American Heart Journal, 

2018, 204, 1-10. 

[5] Gavrielatos G. Cardiovascular risk factors in 

the elderly. Hellenic Journal of Cardiology, 

2012,53(4), 287-295. 

[6] Twerenbold R, Neumann JT, Sörensen NA. 

High-sensitivity cardiac troponin in the 

diagnosis of acute myocardial infarction. 

European Heart Journal, 2018, 39(16), 

1310-1321. 

[7] Orji C. New insights into cardiac biomarkers 

and heart failure management. Journal of 

Clinical Medicine, 2023,12(5), 1024. 

[8] Osredkar J, Kocjan J, Vujicic M. Advances 

in cardiac biomarker testing and their clini-

cal implications. Clinical Chemistry and 

Laboratory Medicine, 2022,60(7), e145-8. 

[9] Mills NL, Churchhouse AM, Kearney P. 

Role of cardiac biomarkers in patients with 

chest pain. Journal of the American Coll-

ege of Cardiology, 2012, 59(14), 1242-49. 

[10] Januzzi JL, van Kimmenade RR, Lainch-

bury JG. Biomarkers in the assessment of 

heart failure. Circulation, 2019, 140(9), 

746-8. 

[11] Apple FS, Murakami Y, Kawai T. Cardiac 

troponin testing: a review of the latest 

clinical guidelines. Clinical Chemistry, 

2017, 63(1), 73-81. 

[12] Sandoval Y, Januzzi JL, Jaffe AS. Clinical 

applications of high-sensitivity cardiac 

troponin assays. JAMA Cardiology, 2020, 

5(10), 1086-1094. 

[13] Eggers KM, Lindahl B. The clinical utility 

of cardiac biomarkers in the assessment of 

myocardial infarction. Journal of the Amer-

ican Heart Association, 2019,8(11). 

[14] Chapman AR, Adamson PD. High-

sensitivity cardiac troponin: a new era in 

the diagnosis of acute myocardial 

infarction. Heart, 2020, 106(3), 180-186. 



Ali et al.: Troponin I with Diagnostic Myocardial Infarction 

 

Hammurabi Journal of Medical Sciences ¦ Volume 2 ¦ Issue 1 ¦ January-March 2025   110 
 

[15] Neumann JT, Schmitz W. Cardiac biomar-

kers in acute coronary syndrome: current 

status and future directions. Circulation, 

2019, 140(20), 1637-1640. 

[16] Westermann D, Sato K. The role of cardiac 

biomarkers in heart failure. European Heart 

Journal, 2020, 41(15), 1444-1451. 

[17] Thygesen K, Alpert JS, Jaffe AS. Fourth 

universal definition of myocardial infarc-

tion. European Heart Journal, 2018, 39(3), 

207-238. 

[18] Mueller C, McDonald K. Heart failure 

management: the role of cardiac biomar-

kers. New England Journal of Medicine, 

2016 ,375(17), 1561-1569. 

[19] Reichlin T, Möckel M. Early diagnosis of 

myocardial infarction with sensitive cardiac 

troponin assays. New England Journal of 

Medicine, 2012,367(1), 60-69. 

[20] Collinson PO, Gaze DC. Clinical bioche-

mistry of cardiac biomarkers: a review. 

Clinical Biochemistry Reviews, 2015,36 

(2), 71-79. 

[21] Body R, Carley S. The use of high-

sensitivity cardiac troponin assays in the 

emergency department. Heart, 2021,107(4), 

282-289. 

[22] Kaier TE, Schmid R. Diagnosis of acute 

coronary syndrome in the emergency 

setting. American Journal of Medicine, 

2021,134(2), 239-248. 

[23] Parikh RH, Bansal R. The role of 

biomarkers in the management of acute 

coronary syndrome. Clinical Cardiology, 

2018,41(10), 1313-1319. 

[24] Lee KK, Dodd M. Biomarkers in acute 

coronary syndrome: the future of diagnosis. 

BMJ, 2019, 364, l542. 

[25] Puelacher C, Twerenbold R. The role of 

biomarkers in the diagnosis of acute 

myocardial infarction. BMJ, 2021, 375, 

n2333. 

[26] Shah AS, Griffiths R. High-sensitivity 

cardiac troponin T and the risk of 

cardiovascular events. Lancet, 2015,386 

(10012), 2481-2488. 

[27] Luepker RV, McGovern PG. Trends in the 

incidence of myocardial infarction in the 

United States. Circulation, 2003,108(20), 

2543-2549. 

[28] Mills NL, Kearney P. The role of cardiac 

biomarkers in the prediction of cardio-

vascular events. Circulation, 2017, 135 

(16), 1494-1505. 

[29] Chapman AR, Adamson PD. The role of 

high-sensitivity cardiac troponin in clinical 

practice. BMJ, 2019,367, l6055. 

[30] Neumann JT, Schmitz W. Biomarkers in the 

diagnosis and management of acute 

coronary syndrome. Journal of the 

American College of Cardiology, 2018,72 

(9), 1127-1136. 

[31] Mueller-Hennessen M, Neumann JT. The 

prognostic value of cardiac biomarkers in 

heart failure. European Journal of Heart 

Failure, 2020,22(2), 234-244. 

[32] Januzzi JL, van Kimmenade RR. The role of 

biomarkers in heart failure. European Heart 

Journal, 2019,40(12), 955-962. 

[33] Kaier TE, Schmid R. The use of cardiac 

biomarkers in the diagnosis of acute 

coronary syndrome. Circulation, 2018,138 

(23), 2648-2650. 

[34] Giannitsis E, Hallermayer K. Clinical 

applications of cardiac biomarkers in acute 

coronary syndrome. Clinical Chemistry, 

2019,65(6), 809-820. 

[35] Eggers KM, Lindahl B. The role of cardiac 

biomarkers in the diagnosis of acute 

myocardial infarction. European Heart 



Ali et al.: Troponin I with Diagnostic Myocardial Infarction 

 

Hammurabi Journal of Medical Sciences ¦ Volume 2 ¦ Issue 1 ¦ January-March 2025   111 
 

Journal Acute Cardiovascular Care, 2016, 

5(5), 377-385. 

[36] Sandoval Y, Jaffe AS. Clinical implications 

of high-sensitivity cardiac troponin testing. 

American Journal of Medicine, 2017,130 

(5), 601-608. 

[37] Melki D, Miller J. The role of cardiac 

biomarkers in clinical practice. Journal of 

the American Heart Association, 2018,7 

(17), e008220. 

[38] Clerico A, Zaninotto M. Clinical applica-

tions of cardiac biomarkers. Clinical 

Chemistry and Laboratory Medicine, 2020, 

58(3), 343-354. 

[39] Lindahl B, Grubb A. High-sensitivity 

cardiac troponin T and risk of cardio-

vascular events. Journal of the American 

College of Cardiology, 2017, 70(17), 2226-

2236. 

[40] Apple FS, Murakami Y. Clinical applica-

tions of cardiac biomarkers. Clinical 

Chemistry, 2015, 61(9), 1124-1125. 

[41] Sandoval Y, Januzzi JL. The utility of 

cardiac biomarkers in acute coronary 

syndrome. Journal of the American College 

of Cardiology, 2019,73(4), 487-489. 

[42] Twerenbold R, Neumann JT. High-

sensitivity cardiac troponin for the 

diagnosis of myocardial infarction. 

Circulation, 2019, 140(10), 796-798. 

[43] Boeddinghaus J, Twerenbold R. The role of 

cardiac biomarkers in myocardial infarc-

tion. BMJ, 2021,375, n2445. 

[44] Januzzi, J. L., & Hlatky, M. A. (2021). 

Advances in cardiac biomarker testing. 

Journal of the American College of 

Cardiology, 78(14), 1404-1417. 

[45] Bandstein N, Hammar N. The role of high-

sensitivity cardiac troponin in the diagnosis 

of myocardial infarction. JAMA, 2014,311 

(4), 392-399. 

[46] Roffi M, Patrono C. 2015 ESC Guidelines 

for the management of acute coronary 

syndromes in patients presenting without 

persistent ST-segment elevation. European 

Heart Journal, 2016,37(3), 267-315. 

[47] Mueller C, McDonald K. The role of high-

sensitivity cardiac troponin in the diagnosis 

of acute myocardial infarction. JAMA 

Cardiology, 2016,1(4), 397-404. 

[48] Reichlin T, Twerenbold R. The diagnostic 

and prognostic value of high-sensitivity 

cardiac troponin T for acute myocardial 

infarction. Circulation, 2015,131(11), 920-

932. 

[49] Collinson PO, Gaze DC. Clinical bio-

chemistry of cardiac biomarkers: a review. 

Clinical Chimica Acta, 2020,505, 1-8. 

[50] Thygesen K, Alpert JS. Fourth universal 

definition of myocardial infarction. Journal 

of the American College of Cardiology, 

2018,72(18), 2231-2264. 

 

 

 


