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Abstract

Introduction: Troponin levels are vital for diagnosing myocardial infarction (MI) and assessing cardiac chest pain.
While traditionally used for MI, elevated troponin is also observed in various cardiovascular and non-cardiovascular
conditions. Recent research across Nigeria indicates an increasing trend in MI cases and coronary artery disease risk
factors. This study aimed at examining the connection between troponin levels, ECG abnormalities, and causes of
heightened troponin and abnormal ECG.

Method: The study included 47 patients with elevated troponin levels from 1266 who underwent troponin testing at
GoodHeart Medical Consultants Hospital between January 2018 and December 2022. ECG data were assessed,
considering ST elevation or depression as present if the ST-segment sloped upward or downward for at least 0.08s in
one or more of the 12 leads, excluding aVR.

Results: All patients in the study had 100% compliance with ECG recordings and troponin measurements. The mean
age was 61 * 16.58 years, with 53% males and 47% females. Hypertensive heart disease affected 74.47% of the
population. Over five years, abnormal troponin prevalence was 3.71% (n = 47/1266), with myocardial infarction
prevalence at 46.81%. Among those with myocardial infarction, 72.73% showed ST elevation, 22.73% had ST
depression, and 4.54% showed neither.

Conclusion: The study demonstrated the complementary roles of cardiac troponin (cTn) status and quantitative ST
deviation in assessing Acute Coronary Syndrome (ACS) patient risk, usable dependently or independently for prognosis.
While both are valuable risk indicators, cTn proves more helpful than ST elevation in diagnosing non-ST-segment
elevation myocardial infarction (NSTEMI).
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1. Introduction

Cardiac Troponin (cTn) represents a pivotal protein complex involved in the contraction of the myocardium. Detectable
levels of cTn in the bloodstream serve as a critical marker for assessing damage to the heart muscle. The measurement
and interpretation of troponin levels play a significant role in diagnosing acute myocardial infarction (AMI) and
evaluating cases of potential cardiac chest pain (1).
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It's important to note that while the presence of troponin in the bloodstream is not exclusive to myocardial infarction,
it demonstrates an exceptional level of sensitivity in the diagnosis of AMI. The high-sensitive troponin tests have
demonstrated their significant utility in accelerating the diagnosis of AMI and forecasting the occurrence of
cardiovascular disease (CVD) in individuals who may lack symptoms or any prior record of CVD (2). These assessments
hold the promise of improving the speed at which AMI can be diagnosed and offer valuable information about the risk
of developing cardiovascular disease, often before any symptoms become apparent.

Measurable levels using modern or high-sensitive troponin tests serve as a clear indicator of cardiac injury in acute
coronary syndrome (ACS) and various other pathological conditions, encompassing heart failure (HF), pulmonary
embolism, and arrhythmias (3).

Three different clinical presentations—unstable angina, non ST-segment elevation MI (NSTEMI), and ST-segment
elevation MI (STEMI)—are indicative of acute coronary syndrome (4). The existence of myocardial infarction
symptoms, abnormalities in the electrocardiogram (ECG), and cardiac biomarkers, especially cardiac troponins, are
used to differentiate between these subtypes (5). When deciding whether patients need higher-level monitoring—such
as telemetry or the cardiac care unit—troponin can be a helpful metric.

Troponin testing (assay) has always been used to diagnose MI but the presence of elevated troponin levels does not
really mean one has M], so this study is to examine or find out if everyone who did troponin testing with elevated
troponin level result at GoodHeart Medical Hospital was diagnosed of MI or other heart conditions and also to compare
with their ECG to know if troponin alone can be used to diagnose MI.

Recent research in the majority of Nigeria's states has revealed a progressive deterioration of MI cases and risk factors
for coronary artery disease (CAD). In a five-year evaluation of CAD in Kano, Nigeria, 22 patients were treated (6).
Similarly, four acute MI cases that were reported in 2003 in Zaria, Northern Nigeria, raised concerns about its
prevalence (7). A tertiary hospital in Ilorin, North-Central Nigeria has reported a rise in the number of MI cases among
patients hospitalized to our medical units since 2006 (8).

This study is aimed at determining the relationship between levels of abnormal troponin and ECG abnormalities (ST
deviation) in a newly established private tertiary hospital. It also assesses the prevalence of abnormal troponin and
myocardial infarction (MI), and assess if there are patient with abnormal troponin with any deviation in the ST segment
of their ECG result.

2. Materials and methods

2.1. Study design/population

The medical records of forty- seven patients with abnormal troponin T and I level over a five-year period (January 2018
to December 2022) at Goodheart Medical Consultants Hospital laboratory information system were retrieved for
analysis.

The information extracted included factors such as age, gender, height, blood pressure, pulse, TnT, Tnl, S-T Elevation,
S-T depression, Rhythm, ECG indication and mortality.
2.2. Troponin measurement

All troponin quantitative measurement done in the GoodHeart Medical Consultants were done using Point of Care Test
(POCT) machine. The ‘Cobas’ machine measured troponin T (TnT) while the ‘Ichromax’ machine measured for troponin
[ (Tnl). The normal range for Tnl <0.10 ng/mL and that of TnT is <50 ng/mL.

2.3. ECG parameters
All ECG data were evaluated from the electronic database at the ECG room of GoodHeart Medical Consultants and also
from the ECG printouts in the patients’ folders.

The ECGs were recorded in 12-lead format at a paper speed of 25 mm/s. The ST elevation and depression was judged
to be present if there was an upward or downward sloping ST-segment for at least 0.08s respectively in one or more of
the 12 leads except aVR.
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2.4. Statistical Analysis

A descriptive analysis of the included studies was performed. MI prevalence for the study was calculated by dividing
the number of patients diagnosed with MI by the total number of patients evaluated in the study. Statistical analysis was
undertaken using Excel 2016 and SPSS V15. Descriptive analysis and cross tabulation were used for the results in forms
of tables and Bar chat

3. Results

3.1. Patients

A total of 47 patients with elevated troponin levels were screened in GoodHeart Medical Consultants Hospital during
the study period. The frequency of ECG recordings and troponin measurements for each patient, was at 100% for all
included in the study.

The prevalence of abnormal/elevated troponin levels within the five - year period calculated by

Abnormal troponin levels

X 100

Prevalence = -
Total number of patients

The prevalence of abnormal troponin is 3.71%

Fig 1 shows the year distribution. This study analyzed abnormal troponin level between year 2018 and 2022. The
highest number of abnormal troponin was recorded in year 2020. The second highest was in year 2019, then 2018. The
lowest number of abnormal troponin was recorded in year 2021.

Patient characteristics according to ST segment deviation (Elevation and Depression) are summarized in Table 1. The
mean * standard deviation age of the patients was 61 + 16.58 years and 25 (53.19%) were males while 22 (46.81%)
were females.

Patients with ST depression were older, more of female as compared to male, and less likely to have undergone prior
percutaneous coronary intervention. These patients had higher heart rates and diastolic blood pressure (BP). Patients
with ST elevation most likely had hypertensive heart disease (HHDX) and myocardial infarction.
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Figure 1 The distribution of number of patients with abnormal troponin across the years
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Table 1 Patient clinical characteristics

Baseline Total ST elevation ST depression | No ST deviation
Age (years; mean +SD) 61 +1658 | 60.15+15.13 | 68.23+17.12 54.44 + 18.47
Male (n; %) 25 (53.19) | 18(72) 6 (24) 1(4)

Female (n; %) 22 (46.81) | 8(36.36) 7 (31.82) 7 (31.82)

Heart Rate (bpm; mean +SD) | 86.55 +21.62 | 87 +20.04 89.4 +25.78 78.0 £15.60
Systolic (mmHg; mean #SD) | 168 +63.49 | 175.33 £ 67.37 | 152.92 +58.44 | 173.89 £60.47
Diastolic (mmHg; mean +SD) | 74.15 #23.00 | 75.96 +23.92 74.77 £25.59 69.33 +13.19
Diagnosis (n; %)

HHDX 35  (74.47) | 20 (42.55) 11 (23.40) 5(10.64)
Myocardial infarction 22 (46.81) | 16 (72.73) 5(22.73) 1 (4.54)

HHDX, Hypertensive Heart Disease; SD, Standard deviation

Table 2 Troponin level and ST elevation categories

Troponin Ranges (ng/mL) | 1 mm ST Elevation | 2mm ST Elevation
Troponin T

100-300 1 13
301-600 2 3
701-1000 0 2
>1000 0 3
Troponin |

0.11-1.0 1 14
1.01-2.0 1 4
2.01-3.0 1 1
>3.0 0 2

Total number of patient that did troponin T = 33

Total number of patient that did troponin I = 33

Majority (13) of the patients who had ST elevation had troponin T levels between 100 and 300 ng/mL. Also, majority
(14) of the patient who had ST elevation had troponin I levels between 0.11 and 1.0 ng/mL.

Table 3 Troponin and ST depression categories

Troponin Ranges (ng/mL) | 1 mm ST Depression | 2mm ST Depression
Troponin T

100 - 300 5 0

301-600 1 2

701-1000 0 0

>1000 0 1
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Troponin [

0.11-1.0 5 2
1.01-2.0 0 0
2.01-3.0 0 0
>3.0 1 1

In terms of ST segment depression majority (5) of the patient whose ECG shows depression had troponin T levels
between 100 and 300ng/mL and also elevated troponin I levels between 0.11-1.0ng/mL.
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SOURCE: Goodheart Medical Consultants Hospital medical records

Figure 2 Typical ECG of an MI patient showing ST-Elevation on V1 - V5

4. Discussion

The prevalence of abnormal (elevated) troponin within the 5 years in study, was 3.71% (n = 47/1266) this value was
lesser than prevalence of 12.4% (n=114/918) found among patients presenting to the Emergency Department of a
hospital in Scotland (9). The prevalence of myocardial infarction (MI) among the study population was 46.81%, this was
similar to the prevalence of 47.8%(6) among forty six patients who were diagnosed to have ischemic heart disease in
Aminu Kano Teaching Hospital, Kano, but much different from the prevalence which was found to range from 0.1 to
10.4% among a total of 92,378 participants from highly heterogeneous study populations in five different countries in
sub-Saharan Africa (10) and much higher than the prevalence of 0.21% of a total 6647 admissions in a 3-year period in
a tertiary hospital in Ilorin (8). This difference could be as result of size of the study population.

In the intensive care unit (ICU), elevated C-TN levels are frequently seen, and they can also arise from illnesses other
than acute coronary syndromes (9). The Fourth Universal Definition of Myocardial Infarction states that acute
myocardial injury identified by aberrant cardiac biomarkers along with acute myocardial ischaemia are the clinical
criteria for the diagnosis of MI (11). In this single centre study of patients with abnormal troponin levels in a 5-year
period, 46.81% of the total population had myocardial infarction, and of this population 72.73% had ST elevation while
22.73% had ST depression. These individuals with ST elevation met the diagnostic criteria for MI based on a typical rise
or fall in elevated troponin measurements and ischemic changes on a 12-lead ECG, with ECGs performed as clinically
indicated (12). Those who had MI with no diagnostic ST-elevation ECG abnormalities fell in the category of non-ST
elevation MI (NSTEMI). It was also reported that the patients may have presented with typical chest pain which led to
investigation for NSTEMI with subtle abnormalities on ECG, including ST-depressions and T wave changes (13).
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74.47% of the study population had hypertensive heart disease (HHDX), with 42.55% having ST elevation on their ECG
and 22.73% having ST depression. ST elevation is an indication of myocardial infarction while ST depression indicates
myocardial ischemia (ischemic heart disease). This means that high blood pressure (BP) is a well-known risk factor for
cardiovascular (CV) diseases, and interventions that lower BP have generally reduced CV events. Individuals with
elevated levels of cTnT (high-sensitivity troponin-T) face a significantly higher risk of experiencing new cardiovascular
(CV) events even when they fall within specific narrow categories of systolic blood pressure (SBP) (14). The risk is most
pronounced in individuals with the highest cTnT levels within each SBP category, and this association is particularly
robust in the context of heart failure (HF) (15,16). While previous studies, including the ARIC study, have examined the
relationship between cTnT and various CV events, the significance of measuring high-sensitivity troponin-T as an
indicator of the impact of blood pressure on the development of new CV outcomes had not been previously reported
(17). The magnitude and rate of change of troponin can help differentiate type 1 from type 2 myocardial infarction and
acute or chronic myocardial injury.

High-sensitivity troponin was independently linked to cardiovascular mortality and the development of CHF, but not
M], in a sizable observational cohort of patients with known coronary artery disease (CAD) who did not have acute
coronary syndrome or congestive heart failure (CHF) (PEACE [Prevention of Events with Angiotensin Converting
Enzyme Inhibition] trial population) (18). The patients were followed for a median of 5.2 years. The composite outcome
of cardiovascular death and future MI over a mean follow-up of 4.5 years was found to be independently correlated with
high-sensitivity troponin levels in comparable research of patients at high risk for CAD events (HOPE [Heart Outcomes
Prevention Evaluation] study population (19).

Majority (n=13) of the patients who had ST elevation had troponin T levels between 100 and 300 ng/mL. Also, majority
(n=14) of the patient who had ST elevation had troponin I levels between 0.11 and 1.0 ng/mL. In terms of ST segment
depression majority (n=5) of the patient whose ECG shows depression had troponin T levels between 100 and
300ng/mL and also elevated troponin I levels between 0.11-1.0ng/mL. As part of the Thrombin Inhibition in Myocardial
Ischemia (TRIM) sub study, investigation was carried out to ascertain the combined utility of ECG and biochemical
testing for very early risk classification among patients with unstable coronary artery disease. 64 (14%) of the 470
patients whose ECGs could be read showed a ST depression of at least 1 mm in any lead. Both ST depression and cTnT
0.1 ng/ml were highly predictive of mortality or recurrent MI within 30 days in univariate analysis (20).

In a 2021 study, ST-segment depression (STD) was present in triage ECG of some of the study population. Some of the
leads exhibited mild elevation of the ST-segment along with reciprocal STD in aVL. Angiography was delayed for some
hours after presentation since none of their ECGs fit the criteria for ST-segment elevation myocardial infarction. Upon
completion, a complete (TIMI [Thrombolysis in Myocardial Infarction]) left circumflex artery blockage was discovered
and stented. These patients also had elevated cardiac troponin T levels (21).

5. Conclusion

This study showed that cardiac troponin (cTn) status and quantitative ST deviation (elevation and depression) were
complementary in evaluating risk among patients with ACS, and both should be used to establish prognosis and support
medical decision-making. Although cTn and ST deviation are both useful risk indicators, cTn seems to be more helpful
than ST elevation in diagnosing NSTEMI. Furthermore, risk-assessment analysis should take into account values of cTnT
less than 0.1 ng/ml, as they contain significant prognostic information. Further research is needed to understand how
the different values of abnormal cTn can be compared to ST deviation on ECG within different time range.

Compliance with ethical standards

Acknowledgment

The authors acknowledge the help and support of the clinicians, laboratory scientists, nurses and research personnel of
Goodheart Medical Consultants Hospital, Port Harcourt, Nigeria, who assisted in the data collection and interpretation
of this study.

Disclosure of conflict of interest

No conflict of interest to be disclosed.

160



World Journal of Biology Pharmacy and Health Sciences, 2024, 17(02), 155-162

Statement of ethical approval

Ethical approval for this study was obtained from the University of Port Harcourt Teaching Hospital Ethical Committee.

Statement of informed consent

Informed consent was obtained from all individual participants included in the study.

References

[1]

[12]

[13]

[14]

Roffi M, Patrono C, Collet JP, Mueller C, Valgimigli M, Andreotti F, et al. 2015 ESC Guidelines for the management
of acute coronary syndromes in patients presenting without persistent ST-segment elevation: Task Force for the
Management of Acute Coronary Syndromes in Patients Presenting without Persistent ST-Segment Elevation of
the European Society of Cardiology (ESC). Eur Heart ]. 2016 Jan 14, 37(3):267-315.

Reichlin T, Twerenbold R, Reiter M, Steuer S, Bassetti S, Balmelli C, et al. Introduction of High-sensitivity Troponin
Assays: Impact on Myocardial Infarction Incidence and Prognosis. Am ] Med. 2012 Dec 1, 125(12):1205-1213.e1.

Shah KS, Yang EH, Maisel AS, Fonarow GC. The Role of Biomarkers in Detection of Cardio-toxicity. Curr Oncol Rep.
2017 Apr 18, 19(6):42.

Amsterdam EA, Wenger NK, Brindis RG, Casey DE, Ganiats TG, Holmes DR, et al. 2014 AHA/ACC Guideline for
the Management of Patients With Non-ST-Elevation Acute Coronary Syndromes. ] Am Coll Cardiol. 2014 Dec 23,
64(24):e139-228.

Orji C. Analysis of Sensitivity, Specificity, and Predictive Values of High-Sensitivity Troponin T in a Secondary
Care Setting: A Retrospective Cohort Study. Cureus. 2023 Aug, 15(8):e44446.

Sani MU, Adamu B, Mijinyawa MS, Abdu A, Karaye KM, Maiyaki MB, et al. Ischaemic heart disease in Aminu Kano
Teaching Hospital, Kano, Nigeria: a 5 year review. Niger ] Med. 2006 Aug 21, 15(2):128-31.

Oyati Al, Danbauchi SS, Alhassan MA& . Is the Incidence of Acute Myocardial Infarction in Nigerians Increasing?
Ann Afr Med. 4(3):132-5.

Kolo PM, Fasae A], Aigbe IF, Ogunmodede JA, Omotoso AB. Changing trend in the incidence of myocardial
infarction among medical admissions in Ilorin, north-central Nigeria. Niger Postgrad Med J. 2013 Mar, 20(1):5.

Lee KK, Noaman A, Vaswani A, Gibbins M, Griffiths M, Chapman AR, et al. Prevalence, Determinants, and Clinical
Associations of High-Sensitivity Cardiac Troponin in Patients Attending Emergency Departments. Am ] Med. 2019
Jan1, 132(1):110.e8-110.e21.

Hertz JT, Reardon JM, Rodrigues CG, Andrade L de, Limkakeng AT, Bloomfield GS, et al. Acute Myocardial
Infarction in Sub-Saharan Africa: The Need for Data. PLOS ONE. 2014 May 9, 9(5):e96688.

What's new in the Fourth Universal Definition of Myocardial infarction? | European Heart Journal | Oxford
Academic [Internet]. [cited 2023 Dec 29]. Available from:
https://academic.oup.com/eurheartj/article/39/42/3757 /5162503

Lim W, Qushmagq I, Cook D], Crowther MA, Heels-Ansdell D, Devereaux P. Elevated troponin and myocardial
infarction in the intensive care unit: a prospective study. Crit Care. 2005 Sep 28, 9(6):R636.

Mechanic 0], Gavin M, Grossman SA, Ziegler K. Acute Myocardial Infarction (Nursing). In: StatPearls [Internet].
Treasure Island (FL): StatPearls Publishing, 2023 [cited 2023 Dec 29]. Available from:
http://www.ncbi.nlm.nih.gov/books/NBK568759/

Pokharel Y, Sun W, De Lemos JA, Taffet GE, Virani SS, Ndumele CE, et al. High-Sensitivity Troponin T and
Cardiovascular Events in Systolic Blood Pressure Categories: Atherosclerosis Risk in Communities Study.
Hypertension. 2015 Jan, 65(1):78-84.

Folsom AR, Nambi V, Bell EJ, Oluleye OW, Gottesman RF, Lutsey PL, et al. Troponin T, N-Terminal Pro-B-Type
Natriuretic Peptide, and Incidence of Stroke: The Atherosclerosis Risk in Communities Study. Stroke. 2013 Apr,
44(4):961-7.

deFilippi CR, de Lemos JA, Christenson RH, Gottdiener JS, Kop W], Zhan M, et al. Association of serial measures of
cardiac troponin T using a sensitive assay with incident heart failure and cardiovascular mortality in older adults.
JAMA. 2010 Dec 8, 304(22):2494-502.

161



World Journal of Biology Pharmacy and Health Sciences, 2024, 17(02), 155-162

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 Dec 8,
304(22):2503-12.

Sherwood MW, Kristin Newby L. High-Sensitivity Troponin Assays: Evidence, Indications, and Reasonable Use. ]
Am Heart Assoc. 2014 Jan 27, 3(1):e000403.

Kavsak PA, Xu L, Yusuf S, McQueen M]. High-Sensitivity Cardiac Troponin I Measurement for Risk Stratification
in a Stable High-Risk Population. Clin Chem. 2011 Aug 1, 57(8):1146-53.

Kaul P, Newby LK, Fu Y, Hasselblad V, Mahaffey KW, Christenson RH, et al. Troponin T and quantitative ST-
segment depression offer complementary prognostic information in the risk stratification of acute coronary
syndrome patients. ] Am Coll Cardiol. 2003 Feb 5, 41(3):371-80.

Meyers HP, Bracey A, Lee D, Lichtenheld A, Li W], Singer DD, et al. Ischemic ST-Segment Depression Maximal in
V1-V4 (Versus V5-V6) of Any Amplitude Is Specific for Occlusion Myocardial Infarction (Versus Nonocclusive
Ischemia). ] Am Heart Assoc. 2021 Dec 7, 10(23):e022866.

162



