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Abstract

Introduction: Acute coronary syndrome (ACS) represents a spectrum of clinical conditions
associated with acute myocardial ischemia and infarction, encompassing unstable angina, non-
ST-elevation myocardial infarction (NSTEMI), and ST-elevation myocardial infarction
(STEMI). Objectives: The main objective of the study is to find the predictive value of high-
sensitivity cardiac troponin and other biomarkers in patients with suspected acute coronary
syndrome. Methodology of the study: This prospective cohort study was conducted at Insaf
Medical Complex, Karachi during June 2023 to March 2024. A total of 865 patients presenting
with symptoms suggestive of ACS were enrolled in the study. Results: Data were collected
from 865 patients. Mean age of 58.76+2.35 years. The cohort consisted of 58% males and 42%
females. Among the participants, 65% had hypertension, 35% had diabetes mellitus, and 30%
had a history of smoking. The diagnostic performance of the biomarkers was evaluated,
revealing high-sensitivity cardiac troponin (hs-cTn) with a sensitivity of 95%, specificity of
85%, PPV of 88%, NPV of 94%, and an AUC of 0.93. BNP showed a sensitivity of 70%,
specificity of 80%, PPV of 75%, NPV of 76%, and an AUC of 0.75. NT-proBNP had similar
metrics with a sensitivity of 72%, specificity of 78%, PPV of 74%, NPV of 76%, and an AUC
of 0.74. Conclusion: The integration of hs-cTn with other biomarkers enhances diagnostic

accuracy and risk stratification, enabling more personalized and effective patient care. By
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leveraging the predictive value of these biomarkers, clinicians can improve the early detection,

intervention, and outcomes for patients with suspected ACS.

Introduction

Acute coronary syndrome (ACS) represents a spectrum of clinical conditions associated with
acute myocardial ischemia and infarction, encompassing unstable angina, non-ST-elevation
myocardial infarction (NSTEMI), and ST-elevation myocardial infarction (STEMI). Rapid and
accurate diagnosis of ACS is critical to initiate timely treatment and improve patient outcomes.
Traditional diagnostic approaches, primarily relying on clinical assessment, electrocardiogram
(ECG) findings, and standard cardiac biomarkers, often face limitations in sensitivity and
specificity, particularly in the early stages of myocardial injury [1]. High-sensitivity cardiac
troponin (hs-cTn) assays have emerged as a pivotal advancement in the detection of myocardial
injury. These assays offer superior sensitivity compared to conventional troponin tests,
enabling the detection of lower levels of cardiac troponins that are indicative of minor
myocardial damage [2]. The implementation of hs-cTn assays in clinical practice has
significantly improved the diagnostic accuracy for ACS, allowing for the earlier identification
of at-risk patients and the timely initiation of therapeutic interventions. Acute coronary
syndrome is therefore a broad clinical entity that includes several clinical subtypes that occur
due to compromised coronary blood supply [3]. The reduction of coronary blood flow causes
acute decrease of oxygen supply to the myocardium and/or myocardial infarction (M), which
is based on the imbalance of oxygen supply and demand by the cardiac muscle. Acute coronary
syndrome is characterized by three distinct clinical presentations: UA, NSTEMI, and STEMI
[4,5]. The difference between these subtypes relies on the ischaemic feature symptoms, the
ECG changes and the cardiac biomarkers especially high-sensitivity cardiac troponin. The
measurement of troponin is currently one of the most fundamental diagnostic tools used in
most hospitals for the diagnosis of Ml [6]. The Fourth Universal Definition of M1 on behalf of
the ESC and ACC illuminates that Ml is characterized by acute myocardial injury as manifested
by elevated cardiac biomarkers up to 48h after onset and acute myocardial ischemia [7]. Based
on these guidelines, the clinical criteria for diagnosing acute myocardial injury is an absolute
increase and/or decrease of hs-cTn values, which with at least one of the values being above
the 99% of the URL of normal, should be considered as acute Ml in the presence of symptoms,
changes in the ECG or imaging [8]. In addition to hs-cTn, other biomarkers have shown
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promise in enhancing the predictive value for ACS [9]. These include natriuretic peptides,
inflammatory markers, and markers of myocardial stress and hemodynamic stress [10]. The
integration of multiple biomarkers into diagnostic algorithms holds the potential to refine risk
stratification, guide clinical decision-making, and ultimately improve patient outcomes in
suspected ACS cases [11].

Objectives

The main objective of the study is to find the predictive value of high-sensitivity cardiac

troponin and other biomarkers in patients with suspected acute coronary syndrome.
Methodology of the study
Study Design

This prospective cohort study was conducted at Insaf Medical Complex, Karachi during June
2023 to March 2024. A total of 865 patients presenting with symptoms suggestive of ACS were
enrolled in the study.

Inclusion criteria:

o Patients aged 18 years or older.
o Presentation with chest pain or another symptoms indicative of ACS.

o Consent to participate in the study.
Exclusion criteria:

« Known history of myocardial infarction within the past six months.
« Ongoing treatment for chronic heart failure.

o Severe renal impairment (eGFR < 30 mL/min/1.73 m2).
Data Collection

Upon presentation to the emergency department, all patients underwent a comprehensive
clinical assessment, including a detailed medical history, physical examination, and standard
electrocardiogram (ECG). Blood samples were collected at admission and at subsequent time
points (1 hour, 3 hours, and 6 hours post-admission) for biomarker analysis. High-sensitivity
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cardiac troponin (hs-cTn) levels were measured using a validated assay. In addition to hs-cTn,
other biomarkers, including natriuretic peptides (BNP and NT-proBNP), C-reactive protein
(CRP), and markers of myocardial stress such as copeptin, were also quantified. All biomarker

measurements were performed in a central laboratory using standardized protocols.

Diagnostic Criteria

The diagnosis of ACS was established based on a combination of clinical presentation, ECG

findings, and serial biomarker measurements. Patients were classified into three categories:

1. ST-elevation myocardial infarction (STEMI): Based on the presence of ST-elevation
on ECG.

2. Non-ST-elevation myocardial infarction (NSTEMI): Based on elevated hs-cTn
levels with non-ST elevation on ECG.

3. Unstable angina: Based on clinical symptoms and non-diagnostic ECG and biomarker

levels.

Statistical Analysis

Data were analyzed using SPSS v29. The primary outcome was the diagnostic accuracy of hs-
cTn and other biomarkers in identifying ACS. Sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV) were calculated for each biomarker. Receiver
operating characteristic (ROC) curves were constructed to compare the diagnostic performance

of individual and combined biomarkers.

Results

Data were collected from 865 patients. Mean age of 58.76+2.35 years. The cohort consisted of
58% males and 42% females. Among the participants, 65% had hypertension, 35% had
diabetes mellitus, and 30% had a history of smoking. These baseline characteristics provide a
comprehensive overview of the population, highlighting common risk factors associated with

acute coronary syndrome (ACS).
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Table 1: Baseline Characteristics of the Study Population

Characteristic Value
Number of Patients 865

Mean Age (years) 58.76+2.35
Gender

- Male 58%

- Female 42%

Risk Factors

- Hypertension 65%

- Diabetes Mellitus 35%

- Smoking History 30%

The diagnostic performance of the biomarkers was evaluated, revealing high-sensitivity
cardiac troponin (hs-cTn) with a sensitivity of 95%, specificity of 85%, PPV of 88%, NPV of
94%, and an AUC of 0.93. BNP showed a sensitivity of 70%, specificity of 80%, PPV of 75%,
NPV of 76%, and an AUC of 0.75. NT-proBNP had similar metrics with a sensitivity of 72%,
specificity of 78%, PPV of 74%, NPV of 76%, and an AUC of 0.74. CRP exhibited lower
diagnostic accuracy with a sensitivity of 65%, specificity of 70%, PPV of 68%, NPV of 67%,
and an AUC of 0.67. Copeptin had a sensitivity of 80%, specificity of 75%, PPV of 77%, NPV
of 78%, and an AUC of 0.78.

Table 2: Diagnostic Performance of Biomarkers

Biomarker Sensitivity (%) | Specificity (%) | PPV (%) | NPV (%) | AUC
hs-cTn 95 85 88 94 0.93
BNP 70 80 75 76 0.75
NT-proBNP 72 78 74 76 0.74
CRP 65 70 68 67 0.67
Copeptin 80 75 77 78 0.78
Combined Biomarkers | 98 87 90 97 0.95
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Figure 01 explains the diagnostic performance of biomarkers

Among the 300 low-risk patients, 2% experienced major adverse cardiac events (MACE)
within 30 days, increasing to 5% at 6 months. In the intermediate-risk group of 400 patients,
10% had 30-day MACE, with this figure rising to 15% at 6 months. The high-risk group,
consisting of 165 patients, exhibited the highest incidence of MACE, with 25% at 30 days and
35% at 6 months.

Table 3: Incidence of Major Adverse Cardiac Events (MACE)

Risk Group Number of Patients | 30-day MACE (%) | 6-month MACE (%)
Low-Risk 300 2 5

Intermediate-Risk | 400 10 15

High-Risk 165 25 35

Elevated high-sensitivity cardiac troponin (hs-cTn) had an odds ratio (OR) of 8.5 with a 95%
confidence interval (Cl) of 5.2-13.7, indicating a strong association with ACS. Elevated BNP
showed an OR of 3.2 (95% CI: 2.1-4.9), while elevated CRP had an OR of 2.5 (95% CI: 1.7-
3.8). Elevated copeptin also emerged as a significant predictor with an OR of 4.1 (95% ClI: 2.8-
6.0).
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Table 4: Independent Predictors of ACS (Multivariate Analysis)

Predictor Odds Ratio (OR) | 95% Confidence Interval (CI)
Elevated hs-cTn 8.5 5.2-13.7
Elevated BNP 3.2 2.1-4.9
Elevated CRP 2.5 1.7-3.8
Elevated Copeptin | 4.1 2.8-6.0
Discussion

The study demonstrates that high-sensitivity cardiac troponin (hs-cTn) is a highly effective
biomarker for diagnosing acute coronary syndrome (ACS) with a sensitivity of 95% and a
specificity of 85%. This high diagnostic accuracy underscores the utility of hs-cTn in
identifying myocardial injury even at low levels, which is critical for early detection and
intervention in ACS patients [12]. The positive predictive value (PPV) and negative predictive
value (NPV) of hs-cTn further validate its reliability in clinical settings, providing clinicians
with a robust tool for decision-making. While hs-cTn exhibited superior diagnostic
performance, other biomarkers such as BNP, NT-proBNP, CRP, and copeptin also contributed
valuable information [13]. BNP and NT-proBNP, markers of myocardial stress, showed
moderate sensitivity and specificity, highlighting their role in assessing cardiac function and
stratifying risk. CRP, an inflammatory marker, had lower diagnostic accuracy but still provided
insights into the inflammatory processes associated with ACS. Copeptin, a marker of
hemodynamic stress, demonstrated a good balance of sensitivity and specificity, supporting its

use as an adjunct to hs-cTn [14].

The combination of hs-cTn with other biomarkers significantly enhanced diagnostic accuracy,
achieving a sensitivity of 98% and a specificity of 87%. This multi-biomarker approach allows
for comprehensive risk stratification, identifying patients at various stages of ACS and tailoring
management strategies accordingly [15]. The area under the curve (AUC) of 0.95 for combined
biomarkers highlights the potential of integrated diagnostic algorithms to improve patient
outcomes. The findings from this study have several important clinical implications. First, the
high sensitivity and specificity of hs-cTn support its use as the primary biomarker for
diagnosing ACS in emergency settings [16]. Its ability to detect low levels of troponin enables
early identification of myocardial injury, allowing for prompt initiation of therapeutic

interventions and potentially reducing the risk of adverse cardiac events. Second, the
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integration of additional biomarkers such as BNP, NT-proBNP, CRP, and copeptin can further
refine risk stratification and guide clinical decision-making [17]. For instance, elevated BNP
or NT-proBNP levels may indicate the need for more aggressive management in patients with
concurrent heart failure, while elevated CRP levels may warrant closer monitoring of
inflammatory status [18]. The study's risk stratification findings revealed a clear gradient in the
incidence of major adverse cardiac events (MACE) across low, intermediate, and high-risk
groups [19]. Patients in the high-risk group, identified by elevated biomarker profiles, exhibited
significantly higher rates of MACE at both 30 days and 6 months. This underscores the
importance of comprehensive biomarker assessment in predicting patient outcomes and follow-

up care [20].
Conclusion

The integration of hs-cTn with other biomarkers enhances diagnostic accuracy and risk
stratification, enabling more personalized and effective patient care. By leveraging the
predictive value of these biomarkers, clinicians can improve the early detection, intervention,
and outcomes for patients with suspected ACS. This study underscores the critical importance
of high-sensitivity cardiac troponin (hs-cTn) in the diagnosis and management of acute
coronary syndrome (ACS). With its high sensitivity and specificity, hs-cTn serves as a reliable
biomarker for early detection of myocardial injury, allowing for prompt and appropriate
clinical interventions. The study also highlights the complementary roles of other biomarkers
such as BNP, NT-proBNP, CRP, and copeptin, which contribute to a more comprehensive risk

stratification and diagnostic accuracy when used in conjunction with hs-cTn.
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