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"Somewhere, something incredible is waiting to be known."
— Carl Sagan



Abstract

Chest pain is one of the most common reasons for emergency department (ED)
visits. Extensive diagnostic testing is often performed to identify acute coronary
syndrome (ACS), but only about 10% of patients ultimately receive an ACS
diagnosis. These diagnostic processes are costly, time-consuming, and sometimes
invasive, carrying inherent risks. Additionally, most patients with suspected ACS
are admitted to the cardiac care unit (CCU) out of concern for serious complications,
despite the high costs and limited availability of hospital beds. This highlights the
urgent need for improved risk stratification.

The aim of this thesis is to explore novel strategies for enhancing risk assessment
and diagnostics in ED chest pain patients to improve patient outcomes and optimize
resource utilization.

Study I examined patient characteristics and diagnostic accuracy of the
electrocardiogram (ECG) in ED chest pain patients with and without ongoing pain.
We found that patients with abated chest pain were older, sicker, and were more
often diagnosed with acute myocardial infarction (AMI) and major adverse cardiac
events (MACE) within 30 days. However, the ECG’s diagnostic accuracy seemed
similar in both groups.

Study II evaluated the diagnostic performance of the HEART and EDACS-ADP
scores in combination with the 0-hour/1-hour high-sensitivity cardiac troponin T
(hs-cTnT) algorithm. We found that these combined approaches reliably ruled out a
significant proportion (approximately half) of ED chest pain patients, allowing for
safe early discharge.

Study III investigated the incidence of complications in ED ACS patients and
found that merely 6% experienced serious complications, with nearly one-third
known already at the ED. Notably, 40% of patients who developed complications
were not admitted to the CCU, and nearly half did not undergo coronary
angiography.

Study IV compared six established risk scores with a new logistic regression model
for predicting complications in ED ACS patients. Our model, based on simple
variables available in the ED (e.g., age, vital signs, ECG findings, and basic blood
tests like lactate and troponin), outperformed all six existing scores, demonstrating
excellent predictive accuracy.

This thesis presents new methods for risk stratification and innovative strategies for
the rapid rule-out of low-risk patients. Implementing these findings in clinical
practice could improve patient management, reduce unnecessary hospital
admissions, and allocate critical resources more effectively to high-risk ACS
patients.

15



Preface

Millions of people worldwide visit the emergency department (ED) every day due
to chest pain, a symptom that often triggers extensive testing out of concern for
acute coronary syndrome (ACS). ACS is a serious, potentially life-threatening
condition that demands immediate attention. To avoid missed diagnoses and prevent
serious complications, many patients are admitted for observation and further
evaluation.

However, these admissions place a significant burden on healthcare resources and
personnel while also exposing many patients to unnecessary procedures and risks.
Although physicians recognize these drawbacks, they often proceed with extensive
testing out of fear of missing a critical diagnosis. This pattern of over-diagnostics
contributes to ED and hospital overcrowding, delaying care for new patients and, in
some cases, postponing life-saving procedures.

Recognizing the inefficiencies and inequities in this system, I decided to dedicate
my studies to improving chest pain management in the ED. By developing better
risk stratification methods and optimizing workflows, [ hope to contribute to a more
effective, patient-centered approach that enhances both care quality and resource
allocation.

Context of thesis

This thesis examines the process of chest pain management in the ED — from initial
assessment to diagnosis and patient outcomes — while exploring new strategies that
could enhance both efficiency and patient experience.

My first study aimed to challenge a long-standing practice. In the ED, guidelines
recommend repeating an ECG if the first is normal or non-diagnostic, especially if
the patient experiences another episode of chest pain. We questioned whether
performing an ECG during active chest pain actually improved diagnostic accuracy
for ACS diagnosis. While our data included only one ECG per patient, we found no
evidence that recording an ECG during active pain improved diagnostic accuracy.
As a result, we propose a more streamlined approach: if the initial ECG is
inconclusive, clinicians should proceed directly with troponin testing.

The second study focused on the role of troponin testing combined with a validated
risk score in assessing chest pain patients. While experienced physicians often rely
on clinical judgment, junior doctors may struggle with decision-making and admit
patients for further testing out of caution. This practice consumes hospital resources,
occupies beds, and exposes patients to unnecessary procedures. By integrating a
structured decision-support tool with an established rapid rule-out algorithm, we

16



aimed to reduce unnecessary admissions, freeing up space for critically ill patients
while sparing low-risk individuals from excessive testing. Our algorithms correctly
identified nearly half of the chest pain patients as low risk allowing for safe
discharge from the ED within 1 hour from arrival.

In recent years, my research has focused on analysing complications in ACS patients
diagnosed in the ED. Traditionally, all ACS patients are admitted to the cardiac care
unit (CCU) due to concerns about severe complications. However, in reality, only a
small fraction experience a life-threatening event. Given the strain on healthcare
resources and rising costs, safely reducing CCU admissions could have a significant
impact — provided patient safety remains uncompromised — a challenge I sought to
address in my final two projects. Our studies aimed to identify high-risk patients
and determine factors that could help predict complication risk. We found that only
6 out of every 100 ACS patients in our cohort developed serious complications,
many of whom were not admitted to the CCU or treated invasively, despite the latest
guideline recommendations. Using basic factors available in the ED, we developed
a new prediction model to enhance risk stratification of ED ACS patients and
hopefully optimize their management.

Rationale

The driving force behind this thesis is the urgent need to improve chest pain
management in the ED. Today, many clinical decisions are influenced by fear — fear
of making the wrong call, of missing a serious diagnosis, of potential legal
consequences. However, this fear sometimes leads to over-investigation and over-
treatment, which can harm patients instead of helping them.

In a busy ED, we frequently witness the consequences of overcrowding. In the past,
it was common to see young patients waiting 7-8 hours overnight, only to be sent
home with a diagnosis of muscular pain and a simple painkiller. Meanwhile, an
infarction patient with pulmonary edema would struggle to breathe on a CPAP
machine in the resuscitation room because the CCU beds were occupied by patients
with suspected ACS, some of whom likely had no real heart problems but were
admitted “just in case”. This is not the way we want to practice medicine today.
Unfortunately, in many places this is still how the system works.

Providing the right patient with the right care at the right time is our ultimate goal.
Striking a balance between thorough evaluation and efficient resource allocation is
the key to achieving the best possible outcomes for all patients.

Ultimately, I hope that the findings in this thesis will contribute to a more precise,
sustainable, and patient-oriented approach to chest pain management in the ED.

17
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"The important thing is not to stop questioning.
Curiosity has its own reason for existing."
— Albert Einstein



Introduction

Chest pain is one of the most common presenting complaints in the emergency
department (ED), accounting for approximately 10% of all ED visits worldwide [1].
Patients with chest pain represent a highly diverse group, with potential diagnoses
ranging from benign musculoskeletal or psychosomatic causes to life-threatening
conditions such as myocardial infarction, pulmonary embolism, and aortic
dissection. Among these concerns, a primary focus in the ED is the identification
and management of acute coronary syndrome (ACS).

ACS encompasses a spectrum of clinical presentations resulting from the disruption
of myocardial blood flow, typically due to the rupture of an atherosclerotic plaque
leading to thrombus formation and subsequent ischemia and necrosis of heart tissue
[2]. The severity of ACS varies, with presentations including unstable angina (UA),
non-ST-elevation myocardial infarction (NSTEMI), or ST-elevation myocardial
infarction (STEMI) [3, 4]. ACS is a serious condition that requires rapid and
effective management.

According to current guidelines and clinical practice, the initial assessment of a
chest pain patient in the ED involves a structured approach, including a thorough
patient history, physical examination, and measurement of vital signs (Figure 1). An
electrocardiogram (ECG) should be performed within 10 minutes of arrival, and
cardiac biomarkers, particularly troponins, should be measured at repeated intervals
to detect myocardial injury [5]. To mitigate the risk of life-threatening
complications such as malignant arrhythmias and cardiac arrest, patients are
typically placed under continuous cardiac monitoring.

Concerns about missing an ACS diagnosis often lead to excessive testing and
prolonged observation in many chest pain patients [6], despite the fact that only a
small proportion (approximately 10%) are ultimately diagnosed with ACS [7].
Moreover, recent studies have shown no clear benefit of urgent non-invasive or
invasive testing in low-risk patients [8]. This highlights the urgent need for
improved strategies to rapidly identify low-risk patients who may be safely
discharged without unnecessary cardiac evaluations. Extensive research has been
going for years in search for new improved methods for risk stratification and rapid
diagnosis of chest pain patients in the ED [9-11].
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Figure 1. Management of a chest pain patient and outcomes

Current recommendations advise that all ACS patients be admitted to a coronary
care unit (CCU), intensive care unit (ICU), or a ward with cardiac monitoring for at
least 24 hours due to the risk of complications [12]. However, these admissions are
costly and often constrained by bed shortages. More efficient risk stratification is
essential to ensure that high-risk patients receive appropriate care while optimizing
resource utilization.

Advances in revascularization strategies, particularly percutaneous coronary
intervention (PCI), have significantly improved outcomes in STEMI and NSTEMI
patients. However, ongoing research continues to refine the optimal timing for PCI,
particularly in NSTEMI, where decision-making is more complex due to varying
degrees of ischemia [13-15]. The influence of patient age and comorbidities on
treatment decisions is a frequently debated topic. Studies are currently evaluating
the benefits of early invasive intervention versus conservative management in
elderly patients with NSTEMI, with mixed findings so far [16-20].

Patients with myocardial infarction, whether STEMI or NSTEMI, remain at risk for
complications such as heart failure, arrhythmias, and sudden cardiac death. Ongoing
research has been dedicated for many years to developing strategies for the early
identification of high-risk patients and exploring innovative approaches to prevent
complications, with the ultimate goal of improving long-term outcomes [21].

22



Definitions and pathophysiology

The first definition of acute myocardial infarction (AMI) occurred in the 1950s to
1970s, when working groups from the World Health Organization (WHO)
established a primarily ECG-based definition of AMI intended for epidemiological
use [22]. In the beginning of 21* century, with the introduction of more sensitive
cardiac biomarkers, the European Society of Cardiology (ESC) and the American
College of Cardiology (ACC) collaborated to redefine MI using a biochemical and
clinical approach, and reported that myocardial injury detected by abnormal
biomarkers in the setting of acute myocardial ischemia should be labelled as MI
[23].

Pathophysiologically, AMI is defined as cardiomyocyte death resulting from
prolonged ischemia due to an acute imbalance between oxygen supply and demand
[24]. The primary cause of ACS is the disruption of an atherosclerotic plaque [25].
Atherosclerosis in the coronary arteries begins as early as adolescence and
progresses over time at a rate influenced by factors such as lifestyle, diet, genetics,
and comorbidities. The American Heart Association (AHA) classifies
atherosclerotic lesions into six types (Figure 2), with types IV and V being the most
clinically significant [26]. Any injury to the fibrous cap of the atherosclerotic
plaque, such as erosion or rupture, triggers the activation of pro-thrombotic proteins
and factors, leading to thrombus formation within the coronary artery, ultimately
causing myocardial ischemia and infarction [27].

Myocardial
infarction

Atherosclerosis
progression

e e-o

Complicated

Initial lesion Fatty streak Intermediate Atheroma Fibrous lesion/
lesion plaque
rupture
Normal histology, Intracellular lipid Intracellular and Extracellular lipi ibroti i
! pid Fibrotic/calcific Plaque rupture,
macrophage accumulation extracellular lipid core development layers th?ombol;is.
infiltration accumulation and blockage

of blood flow

Figure 2. Atherosclerosis progression
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According to the Fourth Universal Definition of AMI [28], myocardial injury is
characterized by cardiac troponin levels surpassing the 99th percentile of the upper
reference limit (URL). Myocardial injury can be classified as acute (indicated by a
rise and/or fall in troponin levels), or chronic, with minimal variation (<20%) in
troponin levels. It can occur in various contexts, including postprocedural settings
(e.g., after coronary intervention) and in association with both cardiovascular and
non-cardiovascular conditions. When acute myocardial injury occurs in the setting
of acute myocardial ischemia, it is defined as acute myocardial infarction.

The different types of myocardial infarction (MI) are classified as follows:

e Myocardial infarction type 1 is caused by acute atherothrombotic
coronary artery disease, typically triggered by atherosclerotic plaque
disruption, leading to a reduction in myocardial blood supply. This is the
most common form of MI.

e Myocardial infarction type 2 results from an imbalance between
myocardial oxygen supply and demand due to stressors unrelated to acute
coronary thrombosis. It is commonly seen in critically ill patients or those
with stable coronary artery disease and comorbidities experiencing an acute
exacerbation.

e Myocardial infarction type 3 occurs in patients who suffer cardiac death
with symptoms suggestive of acute myocardial ischemia, accompanied by
new ischemic ECG changes, but die before biomarker testing can be
performed.

e Myocardial infarction type 4a is defined as a PCl-related increase in
cardiac troponin exceeding five times the 99th percentile URL from a
normal or, if elevated, stable pre-procedural baseline. Diagnosis requires
evidence of new myocardial ischemia on ECG or cardiac imaging, or
complications leading to reduced coronary blood flow.

e Myocardial infarction type 4b is caused by acute myocardial ischemic
injury due to stent thrombosis.

e Myocardial infarction type 4c¢ is associated with acute myocardial
ischemic injury resulting from stent restenosis.

e Myocardial infarction type 5 occurs following coronary artery bypass
graft (CABG) surgery, with a troponin increase exceeding ten times the 99th
percentile URL from a normal or, if elevated, stable pre-procedural
baseline. Diagnosis requires evidence of new myocardial ischemia or loss
of myocardial viability.
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Criteria for Type 1 Mi

Detection of a rise and/or fall of hs-cTn values with at least one value above the 99th
percentile URL and at least one of the following:

. Symptoms of acute myocardial ischemia

. New ischemic ECG changes

. Development of pathological Q waves

. Imaging evidence of new loss of viable myocardium or new regional wall
motion abnormality in a pattern consistent with an ischemic etiology

. Identification of a coronary thrombus by angiography or autopsy

\_ /

This classification offers a structured framework for diagnosing and distinguishing
the various mechanisms of MI. However, in recent years, its validity has been
debated, with some experts arguing that the definitions are overly complex. As a
result, alternative classifications have been proposed, categorizing infarctions as
arising spontaneously, secondary to another condition or as a complication from a
cardiac procedure [29]. A new universal definition of MI is expected to be
introduced in 2026.

STEMI, NSTEMI and UA

Although STEMI, NSTEMI and UA all fall under the umbrella of ACS, they differ
in severity, clinical presentation, pathophysiology, and management. Understanding
these distinctions is essential for accurate diagnosis, effective treatment, and the
prevention of adverse outcomes. The primary differences between these conditions
lie in the extent of myocardial injury, ECG findings and biomarker elevations
(Figure 3).

STEMI is a clinical syndrome including chest pain, myocardial ischemia, and ECG
changes in form of ST elevations in specific leads. It results from complete or near-
complete occlusion of a coronary artery, leading to transmural myocardial ischemia
and subsequent injury or necrosis. If untreated, the infarcted area can expand,
leading to significant damage to the heart muscle, electrical disturbances, and
reduced cardiac output. STEMI is the most severe form of ACS and carries the
highest risk of life-threatening complications, including cardiogenic shock,
ventricular arrhythmias, and cardiac arrest. Without immediate treatment, these
complications can lead to irreversible myocardial damage and death.

NSTEMI occurs when a coronary artery is partially occluded by a thrombus,
resulting in myocardial ischemia and injury though without full-thickness damage
as seen in STEMI. NSTEMI is also referred as subendocardial infarction. Unlike
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STEMI, NSTEMI does not show significant ST-segment elevation on ECG, though
changes like ST-depression or T-wave inversion may be present. Biochemical
markers, such as cardiac troponins, are elevated in both NSTEMI and STEMI,
indicating myocardial damage. Although the myocardial damage is less severe,
NSTEMI still carries a significant risk of adverse outcomes, including heart failure
and arrhythmias, especially if ischemia is prolonged.

UA is characterized by chest pain or discomfort occurring at rest or with minimal
exertion due to reduced coronary blood flow but without myocardial necrosis (i.e.,
troponins remain normal). It is considered a warning sign of potential infarction.
Typically, it is caused by atherosclerotic plaque rupture and partial thrombosis,
leading to transient coronary obstruction. Unlike STEMI and NSTEMI, UA does
not cause permanent myocardial damage. The ECG in patients with UA is often
normal but may show non-specific ST-segment or T-waves deviations. Currently,
there is no strong evidence suggesting that patients with UA have an increased long-
term risk of serious complications compared to those with NSTEMI or STEMI.
However, UA remains a high-risk condition for short-term adverse events, as it may
progress to NSTEMI or STEMI if untreated.

The ACS diagnosis requires an integrated approach that includes clinical evaluation,
ECG findings, cardiac biomarkers, and imaging studies. The combination of these
tools allows for accurate risk stratification and timely management. While coronary
angiography remains the gold standard for assessing coronary anatomy and guiding
intervention, the use of cardiac biomarkers and ECG plays a pivotal role in the early
diagnosis and differentiation of the ACS subtypes. Early recognition and
appropriate management of ACS are critical in improving outcomes and reducing
mortality associated with these conditions.
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Figure 3. Pathophysiological changes and ECG in ACS subtypes
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The patient history

Chest pain is a hallmark of ACS, but its characteristics can vary significantly among
patients and ACS subtypes. Recognizing key features of ACS-related chest pain is
essential for timely diagnosis and appropriate management.

Using the MAPLES OPQRST framework, chest pain in ACS is typically described
as follows:

O (Onset): Pain may develop suddenly without a clear trigger or occur
during physical exertion, emotional stress, or after heavy meals. It may also
occur at rest, especially in UA.

P (Provocation): Typically worsens with exertion and does not improve
with nitroglycerin (in most MI cases). Unlike musculoskeletal pain, it is not
influenced by body position, breathing, or movement.

Q (Quality): Often described as diffuse, dull, tight, pressing, or a
crushing/squeezing sensation.

R (Region/Radiation): Primarily retrosternal, frequently radiating to the
left arm, back, neck, or jaw. Some patients, particularly older adults and
women may report discomfort in the upper abdomen.

S (Severity): Generally severe and distressing, often accompanied by a
sense of impending doom and anxiety, particularly in STEMI.

T (Timing): Cardiac chest pain is persistent, lasting several minutes or
longer, and does not resolve quickly.

It is important to recognize that chest pain characteristics can vary widely depending
on factors such as the subtype of ACS, patient demographics, comorbidities, and the
presence of atypical symptoms.

In STEMI, chest pain is typically more severe and often accompanied by
significant anxiety or distress. Patients commonly describe it as intense
retrosternal pain, resembling a heavy weight or tight band around the chest.
The pain is persistent, lasting 30 minutes or more, and does not improve
with nitroglycerin. STEMI is frequently associated with shortness of breath,
profuse sweating (diaphoresis), nausea, and vomiting, further contributing
to patient discomfort and distress.

In NSTEMI, chest pain is usually less intense, and patients are less likely to
experience severe vegetative symptoms such as nausea, vomiting, and
diaphoresis. The pain typically lasts longer than a few minutes but is
often shorter than in STEMI and may occur intermittently over several
hours or days before worsening.
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e In UA, chest pain is variable and often unpredictable, occurring suddenly at
rest or, more commonly, during or after physical activity. While
typically more severe than stable angina, it is less intense than STEMI or
NSTEMI. The discomfort is often described as mild to moderate but
may progressively worsen, become more frequent, or occur with decreasing
levels of exertion.

Some ACS patients (older patients, women, diabetics) present with atypical
symptoms such as chest discomfort rather than pain (described as tightness or
pressure in the chest), pain in areas other than the chest (epigastrium, upper back,
or left shoulder/arm). Older patients commonly complain of fatigue, nausea, or
indigestion. The absence of classic chest pain might delay the diagnosis and lead to
misinterpretation of the symptoms as non-cardiac in origin. While certain pain
characteristics can influence the likelihood of ACS, symptom overlap among ACS
subtypes is significant, and no single symptom or combination of symptoms is
sufficient to rule it out [30, 31].

In STEMI, patients typically present with persistent chest pain, while those with
non-ST elevation ACS (NSTE-ACS, including NSTEMI and UA) may seek medical
attention after the pain has subsided. However, even STEMI patients can
occasionally present without ongoing chest pain. Patients experiencing continuous
chest pain are generally considered at the highest risk for cardiovascular
emergencies and are highly prioritized in triage systems (Figure 4) [32-34].
Nonetheless, patients with suspected NSTE-ACS whose pain has abated still face a
risk of serious complications. Therefore, all chest pain patients with a history
suggestive of ACS should be highly prioritized, regardless of their current pain
status.

Prio Criteria

2 Ongoing typical cardiac chest pain

Chest pain with recorded loss of consciousness

Transient chest pain with vegetative symptoms within the last 24 hours
Previous heart surgery (including PCI) within the last three months
Chest pain with new onset left or right bundle branch block

Ongoing or transient chest pain with signs of ischemia in the ECG

3 Other ongoing or transient chest pain

Figure 4. RETTS criteria for triage of chest pain patients [35]
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The ECG

The ECG is the most widely used diagnostic test to identify acute myocardial
ischemia/infarction [36]. It is cheap, non-invasive, and easily accessible and the
results are usually easy to interpret for medical professionals. Table 1 outlines the
ECG criteria for identifying new signs of ischemia, as specified in the most recent
ESC guidelines [5].

Table 1. ECG criteria showing new ischemic changes according to the latest ESC guideline

ECG Feature Definition
ST-Segment Elevation New ST elevation at the J-point in any two contiguous leads
21.0 mm

Accept V2-3 where:
22.5 mm in men <40 years
22.0 mm in men 240 years
21.5 mm in women

ST-Segment Depression Horizontal or down-sloping ST depression 20.5 mm in two
contiguous leads

T-Wave Inversion T-wave inversion 21.0 mm in two contiguous leads

Pathological Q Waves Q waves 20.04 seconds in duration and 225% of the R-wave

amplitude in the same lead in two contiguous leads

New Left Bundle Branch Block Prolonged QRS duration greater than 120 ms

(LBBB) QS or rS complex in V1
Broad, often notched, or slurred R waves in |, aVL, V5 or V6
Absence of Q waves in V5 or V6

New Right Bundle Branch Block Prolonged QRS duration greater than 120 ms

(RBBB) rsr', rsR’, or rSR' pattern ("M-shaped") QRS complex in V1
and V2
Wide slurred S wave in |, aVL, V5 or V6
ST-segment depression and T-wave inversion may be seen
in V1-V3

An ECG within 10 minutes of arrival is recommended for all patients with acute
chest pain who present to the ED. The ECG is the gold standard for diagnosing
STEMI (Picture 1). However, it has low sensitivity, and many NSTE-ACS patients
might present with normal or nonspecific ECG changes. Studies suggest that up to
60% of NSTEMI cases have non-diagnostic ECGs at presentation [37-39]. If the
diagnosis is unclear or if a new chest pain episode occurs, the guidelines recommend
an extra ECG recording [5]. Ischemic ECG abnormalities can be transient and may
resolve before recording, potentially leading to false reassurance. This is why serial
ECGs or stress testing are often necessary for a more accurate assessment. It is
believed that serial ECGs or continuous monitoring can capture transient ischemic
events that may not be evident on the initial recording.

In clinical practice, if a patient experiences a new episode of chest pain while in the
ED, protocol dictates that a repeat ECG should be performed to capture any dynamic
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changes. However, due to ED crowding and staff shortages, timely repeat ECGs are
not always feasible. As a result, emergency physicians often have to make critical
management decisions based on a single ECG, regardless of whether the patient is
experiencing pain at the time. Previous studies in cardiological clinics, along with
clinical guidelines suggest that an ECG taken during ongoing chest pain is more
likely to detect ischemic changes than one recorded after symptom resolution [40-
43]. While this may hold true for cardiology patients, there is no strong evidence
supporting its reliability in unselected chest pain patients in the ED.

The skills of ED physicians in interpreting ECGs can vary. In general, experienced
clinicians are quite good at recognizing STEMI on an ECG, but they may be less
accurate at diagnosing NSTEMI or unstable angina, especially if the ECG appears
normal or shows subtle changes. Several factors can influence accuracy, including
experience, time pressure, patient demographics (e.g., age, comorbidities), and the
presence of confounding factors such as previous ECG abnormalities or non-cardiac
causes of chest pain. Comparing the current ECG with a previous one can be helpful
in identifying changes. However, a prior ECG may not always be available. The
sole use of computerized ECG interpretation in clinical practice has been long
discussed but so far not been recommended [44].

In recent years, integrating artificial intelligence (Al) and machine learning into the
diagnostic process has been proposed as a way to assist physicians by flagging
potentially concerning ECG findings that might be overlooked in time-sensitive
settings [45]. Al systems trained on large datasets could serve as a second review
layer to enhance accuracy and reduce human error. In the future, these systems may
even evolve into primary interpretation tool, with physician oversight reserved for
ambiguous or complex cases.
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Picture 1. ECG showing Inferior STEMI with 3™ degree AV block
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The troponins

Troponins are a group of three regulatory proteins (troponin C, I, and T) essential
for cardiac and skeletal muscle contraction [46]. Troponin C is found in both skeletal
and cardiac muscle, making it less useful in clinical practice. In contrast, troponin I
(Tnl) and troponin T (TnT) are exclusive to cardiac tissue and are now considered
the gold standard for diagnosing ACS [47, 48]. These proteins are released into the
bloodstream following myocardial injury, particularly due to necrosis of cardiac
muscle cells. However, elevated troponin levels are not exclusive to ACS and may
also be observed in conditions such as myocarditis, arrhythmias, post-
cardiopulmonary resuscitation (CPR), and traumatic injuries [49]. In ACS, cardiac
troponin levels are used to detect minor myocardial damage, stratify patients,
estimate infarct size, and assess treatment efficacy [50].

Recent technological advances have enabled the measurement of cardiac troponins
with high-sensitivity assays (hs-cTnl and hs-cTnT) [51]. These assays detect even
very low troponin levels, allowing for earlier ACS identification, faster coronary
intervention, and potentially improved patient outcomes [52-54].

Both the ESC and the ACC recommend high-sensitivity cardiac troponins (hs-cTnT
and hs-cTnl) for ACS diagnosis [55, 56]. The current guidelines endorse a 0-hour/1-
hour hs-cTn protocol for ruling out AMI [5]. According to this protocol, patients
with an hs-cTnT level below 5 ng/L at presentation (Oh) or an hs-cTnT level below
12 ng/L at Oh with a 1-hour change of less than 3 ng/L can be ruled out with high
negative predictive value (NPV).

A significant rise in cardiac troponin — more than three times the normal value — or
a dynamic increase within one hour, alongside clinical signs of ischemia, confirms
the diagnosis of AMI. However, interpreting troponin results in patients with
impaired kidney function or chronic heart failure can be challenging, as these
conditions may lead to persistently elevated troponin levels. Studies show that
troponin rise in patients with chronic kidney disease is related to cardiac pathology
and indicate that troponin T is a strong predictor of short-term prognosis in ACS
patients, regardless of creatinine clearance, and remains the preferred biomarker for
ACS diagnosis [57, 58].

Cardiac troponins continue to be a major focus of research, with numerous studies
evaluating the safety and efficacy of high-sensitivity troponin algorithms in clinical
practice [59-64]. Integrating these assays with clinical assessment and ECG has
significantly reduced time to diagnosis and hospital discharge, enhancing overall
patient management. The implementation of hs-cTn point-of-care testing has been
shown to further reduce ED length of stay without compromising safety. A recent
study reported that the use of a high-sensitivity troponin point-of-care assay within
a structured accelerated diagnostic pathway significantly decreased ED stay
compared to traditional laboratory assays [65].
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The risk scores

Risk scores are formula-based tools designed for quantitative risk assessment,
providing a rank-order of individuals based on their likelihood of experiencing a
specific outcome (or combination of outcomes) within a defined timeframe [66, 67].
These tools are integral to risk stratification, enabling clinicians to estimate the
probability of adverse events and tailor treatment decisions accordingly. In the
context of ACS, patients identified as high-risk may benefit from early invasive
interventions, while those at lower risk might be better suited for more conservative
approach. Precise risk assessment is crucial for optimizing the balance between the
benefits and potential risks of therapeutic strategies.

Several risk scores are available for assessing chest pain patients, aiding in the
diagnosis and prognosis of ACS. Well-established scores such as HEART, EDACS,
GRACE, and TIMI are widely recognized in the literature, with numerous validation
studies and systematic reviews supporting their utility [68-74]. Some studies suggest
that risk scores may not significantly outperform clinical gestalt in experienced
physicians [75]. While experienced clinicians may rely on their expertise for risk
assessment, these scoring systems can be particularly valuable for less-experienced
doctors, who may still be refining their skills in history-taking and diagnostic
interpretation. The risk scores serve as a cognitive aid, guiding junior doctors
through complex clinical reasoning and even boosting their self-confidence in
decision making. By streamlining the diagnostic process, risk scores may allow for
quicker triage, improving ED flow and efficiency.

In this thesis, we utilized the following risk scoring systems for chest pain patients:
Thrombolysis in Myocardial Infarction (TIMI) risk index, Global Registry of Acute
Coronary Events (GRACE) and GRACE Freedom From Events (GRACE FFE),
History, ECG, Age, Risk Factors, and Troponin (HEART), Emergency Department
Assessment of Chest Pain Score (EDACS), Acute Coronary Treatment and
Intervention Outcomes Network (ACTION) ICU, and CHA2DS2V ASc.

TIMI

Invented in the late 1990s, the TIMI score is a widely used tool for predicting the
risk of adverse cardiovascular events, including AMI, the need for urgent
revascularization, and death. It was originally designed for risk stratification in
NSTE-ACS and separately, STEMI [76]. A TIMI score of 0-2 indicates low risk, 3-
5 represents intermediate risk, and a score of 6 or 7 signifies high risk. Additionally,
TIMI Risk Index is a separate scoring system applicable to all ACS patients,
providing a 30-day mortality estimate [77].

Due to its simplicity and reliance on readily available clinical parameters, the TIMI
score is particularly useful in ED settings allowing for rapid bedside calculation and
aiding in early triage and management decisions. Studies have demonstrated that the
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TIMI risk score is significantly more effective in diagnosing ACS compared to ECG
and biomarker evaluation alone [78]. Furthermore, research indicates a strong
correlation between TIMI scores and findings on coronary angiography, with higher
scores being associated with a greater likelihood of severe culprit lesions [79].
Therefore, the TIMI score's greatest utility lies in its ability to guide the management
of patients presenting with signs of NSTE-ACS, aiding in risk stratification, and
informing treatment decisions.

HEART

The HEART score (Supplement Table 1) is a widely used risk stratification tool in
the ED for assessing the short-term risk of MACE in patients presenting with chest
pain. It evaluates five key components: History, ECG, Age, Risk factors, and
Troponin, with a total score ranging from 0 to 10. Patients are categorized into three
risk groups: low (0-3 points), intermediate (4-6 points), and high (7-10 points).

Designed to simplify and expedite the diagnostic process, the HEART score predicts
the 6-week risk of MACE, including acute AMI, the need for revascularization (PCI
or CABQG), and death [80]. A low HEART score indicates a minimal likelihood of
a serious cardiac event, allowing for safe discharge or outpatient monitoring.
Conversely, a high HEART score suggests a significant risk, often warranting
hospital admission, further diagnostic testing, or urgent intervention.

Due to its simplicity, practicality, and strong predictive value, the HEART score is
one of the most used chest pain risk assessment tools in everyday ED practice.

The HEART score relies solely on the 0-hour hs-cTn value for risk assessment. In
contrast, the HEART Pathway (Supplement Table 2) integrates the HEART score
with serial troponin testing to improve identification of low-risk patients who may
be safely discharged [81, 82].

GRACE and GRACE FFE

The GRACE score is one of the most extensively validated risk stratification tools
for predicting both in-hospital and long-term (6-month) mortality in ACS patients
and is currently guideline-recommended for risk assessment in NSTE-ACS [5, 83].
Unlike some risk scores that are specific to certain ACS subtypes, GRACE can be
applied to patients with STEMI, NSTEMI, and UA. The score ranges from 1 to 363,
with higher values indicating a greater risk of adverse outcomes [84]. GRACE is
particularly useful in identifying high-risk patients who may benefit from early
invasive management, such as PCI or CABG. Patients with a GRACE score above
140 (for in-hospital risk) are advised to undergo urgent coronary angiography, while
those at intermediate risk (GRACE score 109 to 140) may also require early
intervention based on clinical presentation and additional risk factors.
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Compared to TIMI and HEART scores, GRACE offers superior long-term
prognostic accuracy and is especially effective in predicting mortality in NSTE-
ACS patients [85]. However, the GRACE score is more complex and requires a
software calculator. It also includes laboratory results, which can delay risk
assessment. While it excels in long-term risk prediction, it may be less practical for
rapid ED decision-making compared to the HEART score [86]. Some studies
suggest that GRACE may overestimate mortality in low-risk patients, potentially
leading to unnecessary hospital admissions and additional testing [87].

The GRACE Freedom from event (FFE) score is based on GRACE and predicts the
likelihood of remaining free from adverse in-hospital event (myocardial infarction,
arrhythmia, congestive heart failure or shock, major bleeding, stroke, or death) in
patients with NSTEMI or UA [88]. By assessing various clinical factors, the
GRACE FFE score helps healthcare providers determine which patients might be
suitable for treatment in less resource-intensive environments, such as general
medical wards, rather than intensive care units [89, 90]. High GRACE FFE score
equals low risk of adverse in-hospital events.

Table 2 compares the GRACE, TIMI, and HEART scores, each tailored for specific
clinical applications. The GRACE score is highly effective for predicting in-
hospital and long-term mortality, making it valuable for guiding long-term
management decisions. The TIMI score is particularly useful for identifying
patients who may benefit from early revascularization. The HEART score, by
contrast, is specifically designed for rapid risk stratification in the ED, aiding in the
safe and efficient rule-out of low-risk chest pain patients [86].

Table 2. Comparison between GRACE, TIMI and HEART score

GRACE Score TIMI Score HEART Score
Purpose Mortality prediction Risk of events (MI, Risk of major cardiac
death, urgent PCI) events (MACE)

Target patient STEMI, NSTEMI, UA STEMI/ NSTEMI, UA Chest pain in ED
category

Risk Factors 8 clinical + lab 7 clinical variables 5 clinical + ECG +
variables Troponin
Prediction Time In-hospital & 6 months 30 days 6 weeks
Frame
Best For Long-term mortality Short-term ischemic ED chest pain stratification
risk
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EDACS

The EDACS is a clinical tool used to assess the risk of MACE in chest pain patients
in the ED, with the primary goal of identifying low-risk individuals who can be
safely discharged without the need for further diagnostic testing or admission. The
EDACS has been shown to effectively identify nearly 50% of chest pain patients as
low-risk, providing acceptable sensitivity for predicting MACE [91]. According to
EDACS-Accelerated Diagnostic Protocol (EDACS-ADP) (Supplement Table 3),
patients with EDACS score <16, an ECG showing no signs of acute ischemia and
negative serial troponins are considered low-risk, eligible for discharge [92].

ACTION ICU

The ACTION ICU score was developed to assess the risk of complications requiring
ICU admission in initially stable NSTEMI patients, based on variables available at
hospital admission [93]. These complications include cardiac arrest, cardiogenic
shock, high-grade atrioventricular (AV) block, respiratory failure, stroke, or death.
A score of <2 indicates a very low risk (<5%) of clinical deterioration necessitating
ICU care, while a score of >12 corresponds to a >30% risk of requiring ICU
admission.

While the ACTION-ICU score effectively identified nearly 50% of ACS patients as
low risk for severe complications requiring ICU care, its complexity makes manual
calculation challenging, often necessitating an electronic tool. Additionally,
its external validation remains limited, requiring further studies to confirm its
reliability in broader populations.

CHA2DS2-VASc

CHA2DS2-VASc is a score that was developed for and is widely used to determine
the need for anticoagulants in patients with atrial fibrillation. Studies have shown
that CHA2DS2-VASc score could also effectively predict in hospital mortality and
MACE events in ACS patients [94, 95].
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The treatment

The initial treatment of ACS aims to relieve chest pain, restore blood flow to the
heart, and prevent complications such as heart failure, arrhythmias, or sudden
cardiac death. Time to treatment for symptoms of ACS can be a matter of life and
death [96]. The primary treatment involves a multi-faceted approach, starting with
rapid diagnosis and stabilization, followed by antiplatelet therapy, anticoagulation,
and, when appropriate, reperfusion strategies such as PCI or thrombolysis. Figure 5
presents the main approaches in the initial as well as long-term treatment of ACS.

Initial stabilisation

Upon presentation to the ED, the first step in managing ACS is to stabilize the
patient. Patients are typically started on oxygen therapy if their oxygen saturation is
low, nitroglycerin is often used to relieve chest pain, while morphine may be given
to alleviate pain and reduce anxiety.

Pharmacological Management

Immediate pharmacological treatment aims to alleviate ischemia, prevent thrombus
propagation, and reduce myocardial oxygen demand. Antiplatelet agents, including
aspirin and P2Y12 inhibitors, are administered to inhibit platelet aggregation.
Anticoagulants, such as unfractionated heparin or low-molecular-weight heparin,
are used to prevent further thrombus formation. Beta-blockers may be prescribed to
decrease heart rate and myocardial oxygen consumption, provided there are no
contraindications. The 2023 European Society of Cardiology guidelines emphasize
the importance of tailoring pharmacological therapy to individual patient profiles to
optimize outcomes [5].

Reperfusion Strategies

For STEMI patients, prompt reperfusion therapy is critical. Primary PCI is the
preferred method when it can be performed in a timely manner, ideally within 90
minutes of first medical contact. If PCI is not available within this timeframe,
fibrinolytic therapy should be considered, especially if administered within 12 hours
of symptom onset. For NSTEMI patients, the timing of invasive strategies is guided
by risk assessment, with high-risk individuals undergoing early angiography and
revascularization (within 24h of presentation). Studies have shown that earlier
reperfusion decreased significant the incidence of severe complications in ACS
patients [97].
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[ ACS treatment ]

[ Initial stabilisation ] [ Antiplatelet & anticoagulat ] [ Reperfusion therapy ]
therapy
Oxygen if needed Aspirin PCI (Preferred)
Nitroglycerin (pain relief) P2Y12 Inhibitors Thrombolysis (If PCI unavailable)
Morphine (if severe pain) (Clopidogrel, Ticagrelor) CABG (For multi-vessel disease)
Beta-blockers (if indicated) Heparin or Bivalirudin
'

[ Secondary prevention { Lifestyle modifications ] [ Long-term medications ]
Beta-blockers Smoking cessation ACE inhibitors/ARBs
ACE inhibitors/ARBs Healthy diet Statins
Statins Exercise Antiplatelet therapy (long-term)
Cardiac rehab Diabetes & BP control Beta-blockers (if indicated)

Figure 5. ACS treatment

The long-term management of ACS patients involves a combination of
pharmacologic therapy, lifestyle modifications, comorbidity management, cardiac
rehabilitation, and regular follow-up. Additionally, psychosocial support and
planned endovascular procedures, when necessary, play a crucial role in optimizing
outcomes and reducing the risk of future cardiovascular events.

The complications

If not promptly addressed, ACS could precipitate severe complications such as
ventricular arrhythmias and cardiogenic shock leading to cardiac arrest and death if
untreated (Figure 6). Acute heart failure (AHF) is a common complication in ACS,
associated with high morbidity and mortality [98]. Mechanical complications, such
as ventricular septal defects (VSD), papillary muscle rupture, or cardiac tamponade
due to free-wall rupture, can also arise if ACS is not promptly treated or detected.
These complications further exacerbate the patient's condition and require
immediate medical interventions. If left untreated, they can lead to irreversible
damage and potentially death.
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Figure 6. Common ACS complications

The pathophysiology of complications

Myocardial damage in ACS triggers a cascade of physiological responses that can
lead to various complications. The most critical complications arise from
myocardial dysfunction, electrical instability, and systemic inflammatory and
neurohormonal responses. Figure 7 illustrates the key pathophysiological
mechanisms underlying the most common complications of ACS.

Extensive MI leads to loss of contractile function, reducing cardiac output and tissue
perfusion, leading to cardiogenic shock. In response, the heart compensates with
increased sympathetic activation, causing vasoconstriction and increased heart rate,
which further elevate myocardial oxygen demand, and exacerbate ischemia. Rising
LV filling pressures contribute to pulmonary congestion and pulmonary edema,
leading to hypoxia and, in severe cases, multi-organ failure. Diastolic dysfunction,
particularly in hypertensive or elderly patients, further impairs ventricular filling,
worsening hemodynamic instability.

Ischemia-induced disruption of normal electrical conduction creates areas of slowed
conduction and re-entry circuits, predisposing the heart to ventricular tachycardia
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(VT) and ventricular fibrillation (VF) — the leading cause of sudden cardiac arrest
(SCA) and death in ACS. Additional factors such as heightened catecholamine
release and electrolyte imbalances (e.g., hypokalemia, hypomagnesemia) further
destabilize cardiac rhythm.

Infarction of the right coronary artery (RCA), which supplies the sinoatrial (SA) and
atrioventricular (AV) nodes, can result in sinus bradycardia, AV blocks, or
junctional rhythms. Increased vagal tone (Bezold-Jarisch reflex) during inferior MI
further exacerbates bradycardia and hypotension.

Prolonged ischemia weakens myocardial structures, particularly in transmural
infarctions, and could lead to serious mechanical complications. Papillary muscle
rupture leads to severe mitral regurgitation, causing pulmonary edema and
cardiogenic shock. Ventricular septal rupture creates a left-to-right shunt, increasing
pulmonary blood flow and causing acute heart failure. Free wall rupture results in
cardiac tamponade, leading to obstructive shock and rapid hemodynamic collapse.

If left untreated, these complications lead to profound cardiac dysfunction, cardiac
arrest, and a high risk of death. While cardiac arrest is a sudden, reversable loss of
heart function causing circulation to stop, death is irreversible cessation of all vital
functions, including brain and heart activity. If cardiac arrest is not promptly and
successfully treated, it results in biological death, leaving no possibility of recovery.
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Figure 7. Pathophysiological mechanisms underlying the most common complications in ACS
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Death

Despite advances in the prevention and treatment of cardiovascular disease (CVD),
ischemic heart disease (IHD) continues to be the leading cause of death globally
[99]. In 2021, CVD was responsible for nearly 20 million deaths worldwide [100].

In-hospital mortality rates for ACS patients are influenced by multiple factors,
including the type of ACS, patient demographics, and comorbidities. Accurate
identification of mortality predictors is essential for effective risk stratification and
optimizing patient management. Over recent years, extensive research has sought to
identify key factors that predict both short- and long-term mortality in ACS patients.
Some of these factors include advanced age, reduced left ventricular ejection
fraction (LVEF), elevated serum creatinine levels, increased heart rate, chronic
obstructive pulmonary disease (COPD), elevated blood glucose levels, lack of
revascularization procedures (e.g., PCI or CABG), low hemoglobin levels, and
peripheral artery disease [83, 101, 102]. Among the numerous risk scores tested, the
GRACE score has consistently shown the highest predictive accuracy.

Furthermore, recent studies have turned to advanced methodologies, such as
machine learning, to enhance mortality prediction in ACS patients. Machine
learning models have shown promising potential, offering improved accuracy in
mortality risk assessment by integrating a wide range of clinical variables and
patient data [103, 104].

Cardiac arrest

Cardiac arrest is a severe and life-threatening complication that can arise from ACS.
The actual incidence of SCA in the setting of ACS is unknown [105]. Studies have
reported that cardiogenic shock occurs in approximately 3% to 13% of ACS cases
[106]. About half of these patients experience cardiac arrest, and two-thirds of those
who suffer cardiac arrest subsequently develop cardiogenic shock [107]. This
overlap underscores the critical nature of these complications and the necessity for
prompt medical intervention. The prognosis for ACS patients who suffer cardiac
arrest remains grim.

Recent studies have investigated the incidence of out-of-hospital-cardiac-arrest
(OHCA) in ACS patients. One study reported that approximately 10% of ACS
events result in OHCA; however, this study focused exclusively on individuals
younger than 50 years, which may limit its generalizability to the broader ACS
population [108]. Another study found that the incidence of SCA was 17.5% among
all ACS patients and 23.6% specifically in those with STEMI [109]. These findings
underscore the critical need for improved early detection of ACS, particularly
outside of healthcare settings, to reduce premature deaths related to coronary artery
disease.

In a large cohort study of STEMI patients, the incidence of in-hospital cardiac arrest
(IHCA) was reported to be 2.2%. The study identified several predictors of IHCA,
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including age >75 years, female sex, non-smoking status, history of diabetes
mellitus, prior renal failure, occurrence of OHCA, heart rate >100 beats per minute,
systolic blood pressure <90 mm Hg, and Killip class IV at presentation [110].

Given the high morbidity and mortality associated with cardiac arrest in the setting
of ACS, early recognition and rapid treatment are imperative. Strategies such as
timely PCI, effective management of cardiogenic shock, and post-resuscitation care
are essential components in improving patient outcomes. Ongoing research
continues to explore optimal therapeutic approaches and interventions to mitigate
the risks associated with this critical complication.

Cardiogenic shock and AHF

Cardiogenic shock, a severe early ACS complication associated with a high
mortality rate of up to 50% despite advances in medical care [111, 112]. This
condition typically results from extensive myocardial infarction (involving more
than 40% of the heart muscle), leading to a significant loss of contractile function
[113]. The subsequent decline in cardiac output causes hypotension, impaired organ
perfusion, and multi-organ dysfunction. Immediate revascularization of the
occluded artery has been shown to reduce mortality [114].

AMI is known to be a leading cause of AHF (clinically presenting as pulmonary
edema) and cardiogenic shock [115]. An observational study of over 14,000 ACS
patients across 14 countries found similar incidences of AHF in STEMI (15.6%)
and NSTEMI (15.7%), while patients with unstable angina had a lower incidence
(8.2%) [116]. Both AHF and cardiogenic shock carry a poor prognosis, requiring
intensive treatment strategies such as invasive and non-invasive mechanical
ventilation, vasoactive medications (vasopressors and inotropes), and circulatory
support devices like intra-aortic balloon pumps (IABP) and percutaneous
ventricular assist devices (e.g., Impella). Given the severity of these conditions, they
are strong indications for admission to the CCU/ ICU [117].

Malignant cardiac arrhythmias

Arrhythmias are a frequent early complication of ACS, occurring in both STEMI
and NSTEMI patients. These range from benign to life-threatening, including
ventricular arrhythmias such as VT and VF, as well as high-degree AV block.
VT/VF are particularly common within the first 48 hours of AMI and have
significant prognostic implications. Approximately 6-10% of STEMI patients
develop serious arrhythmias, primarily polymorphic VT, which often degenerates
into VF during the early in-hospital phase [118]. In contrast, NSTEMI patients
experience fewer early sustained ventricular arrhythmias (<2%), but studies
continue to indicate increased mortality at one-year follow-up due to arrhythmia-
related complications [119, 120]. Although the incidence of ventricular arrhythmias
has declined during the hospital phase of ACS due to timely revascularization and
optimal medical therapy, up to 6% of ACS patients still develop VT and/or VF
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within the first few hours of symptom onset [121]. The presence of ventricular
arrhythmias in ACS is associated with higher in-hospital mortality and worse
outcomes [122, 123], making it a key indication for CCU/ICU admission and
continuous cardiac monitoring.

Recent studies suggest a decreasing incidence of high-degree AV block in ACS
patients [124]. Despite this trend, in-hospital mortality for those who develop high-
degree AV block remains significantly elevated, underscoring the severity of the
underlying ACS [125, 126]. Studies have found that the incidence of high-degree
AV block is higher in older patients, more often diagnosed with STEMI [127, 128].
Early identification of precipitating factors predictive of high-degree AV block,
ideally upon presentation in the ED, is crucial and warrants further investigation.

Malignant arrhythmias, including both bradyarrhythmias and tachyarrhythmias, are
associated with poorer outcomes in ACS patients and are a major concern driving
CCU admissions. However, these complications occur in fewer than 10% of ACS
cases, making routine CCU admission for all ACS patients impractical. Therefore,
accurately identifying patients at high risk for malignant arrhythmias is a clinical
priority. Ongoing research is essential to refining risk stratification and improving
early detection, ensuring that intensive care resources are allocated appropriately.

Mechanical complications

Post-MI mechanical complications are uncommon and are more often associated
with STEMI (0.27%) than NSTEMI (0.06%), but mortality rates for patients with
mechanical complications remains very high (42.4% after STEMI and 18.0% after
NSTEMI) [129]. In a recent large Spanish cohort, the prevalence of post-MI
mechanical complications was 0.35% [130]. Among the various post-AMI
mechanical complications, VSD remains the most common complication with an
estimated prevalence of up to 0.91%, while the prevalence of papillary muscle
rupture and free wall rupture is less than a half percent [131]. Delayed presentation
and treatment have long been recognized as significant risk factors for these
complications. The advent of reperfusion therapies, particularly PCI, has led to a
notable decrease in the incidence of mechanical complications post-STEMI, thereby
contributing to improved survival rates. Recent studies indicate that patients who
develop mechanical complications tend to be older, female, have a history of heart
failure or chronic kidney disease, and often present with their first AMI [132-134].

Effective management of patients with mechanical complications following acute
myocardial infarction necessitates a multidisciplinary heart team approach to ensure
timely recognition, accurate diagnosis, and appropriate intervention for complex
hemodynamic conditions, thereby optimizing patient outcomes [135]. Early and
precise risk stratification upon hospital arrival is vital, admission to the CCU/ICU
is imperative for continuous monitoring and advanced therapeutic support for these
patients.
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A1ims

The primary aim of this thesis is to characterize ED chest pain patients with
suspected ACS, evaluate their diagnostics, management, and outcomes, identify
complication risks, and develop improved risk prediction algorithms to enhance
patient outcomes and optimize resource utilization.

Specific Objectives:

e To compare patient characteristics and assess the diagnostic performance of
the ECG in ED patients with ongoing vs. abated chest pain. (Study I)

e To evaluate the diagnostic accuracy of the HEART Pathway and EDACS-
ADP when combined with a 0-hour/1-hour hs-¢cTnT protocol for ruling out
MACE within 30 days in ED chest pain patients. (Study II)

e To analyze the types and number of complications in contemporary ED
ACS patients and to map patient management, including admission wards,
treatment strategies and interventions. (Study III)

e To compare the ability of existing risk scores to predict complications, and
to assess the performance of a new simplified risk prediction model in ED
ACS patients. (Study 1V)
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Materials and methods

To analyse the characteristics and management of ED chest pain patients, we used
prospectively collected registry data (SCORE and ESC TROP cohorts) from two
separate trials conducted within our research group [56, 136]. This data provided
the foundation for the four observational studies included in this thesis.

Study setting

In study I and II, we included patients who visited the ED at the Sk&ne University
Hospital in Lund. This tertiary care centre operates 24/7, receiving
approximately 65,000 patients annually, and is primarily staffed by emergency
physicians. The hospital features a state-of-the-art CCU with 22 beds, with at least
one cardiologist available at all times. It also provides 24-hour access to a
catheterization lab (cath lab) and serves as the only regional unit admitting STEMI
patients outside regular working hours. In our region (Skane), STEMI patients
identified via ambulance ECG are transported directly to the cath lab and
subsequently admitted to the CCU, bypassing the ED.

For study III and IV, we included patients from five EDs across Region Skane,
Sweden — Lund, Malmd, Ystad, Kristianstad, and Helsingborg. This selection
comprises two large academic tertiary care EDs, two urban community EDs, and
one small rural community ED. Each hospital has a CCU with varying admission
criteria. The most unstable cardiac patients are typically transferred to the CCU in
Lund, given its advanced resources and specialized capabilities.

Study design

We conducted four observational studies utilizing registry data for all studies, and
additional manual chart review for study IIl and IV. The study populations,
timeframes and primary outcomes are summarized in Table 3.

In study I and II we included consecutive chest pain patients that visited the ED in
Lund on weekdays during daytime from February 2013 to April 2014.

Study III and IV were secondary analyses of prospectively collected data from the
ESC TROP trial [56], which included all chest pain patients presenting to one of
five EDs in Region Skane, between February 1* to November 30" in both 2017 and
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2018. Our studies focused specifically on ACS patients within this cohort. ACS
patients with complications were identified using predetermined diagnoses (ICD-
10) and intervention codes (KVA). A retrospective manual chart review was then
conducted to gain deeper insight into the circumstances surrounding the patient
visits, treatment decisions and outcomes. In study III, the chart review was
performed only for patients with complications, whereas in study IV, we reviewed
all ACS patients’ charts.

Table 3. Study populations

Cohort Study Time frame Outcomes
participants
Study | SCORE 1132 February 2013 — April ACS index visit
2014
30-day MACE
9AM-9PM weekdays
Study I SCORE 939 February 2013 — April 30-day MACE
2014
30-day Ml

9AM-9PM weekdays

Study Il ESC TROP 2463 February — November 30-day MACE
2017 and 2018

Study IV ESC TROP 2223 February — November 30-day MACE
2017 and 2018

Inclusion and exclusion criteria

All studies included patients aged 18 and older who presented to the ED with a chief
complaint of non-traumatic chest pain.

Study I and II included consecutive chest pain patients where at least one hs-cTnT
was ordered. The studies did not include patients with adjudicated STEMI
diagnosis, as well as patients with severe communication barriers such as dementia,
or other cognitive disorders, patients who did not speak Swedish or English or those
who were unable to sign a written informed consent.

In study I we included patients with a documented ECG and chest pain status.
Patients with missing data for ECG interpretation or chest pain status were excluded
from the final analyses.

In study II we excluded patients with missing or inconclusive data where the
HEART and EDACS scores could not be calculated as well as patients with
haemolysis in either Oh or 1h hs-cTnT blood sample.

Study III and IV included consecutive ACS adult patients. Data from all ACS
patients in the population was analysed in study III. There were no exclusion
criteria.
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After comprehensive manual chart review of all patient charts, the patients with
chief complaint other than chest pain or a no-ACS diagnosis as well as missing data
were excluded from study IV. For the final analysis we excluded patients with
hemodynamic instability in the ED, those who suffered a complication prior to
admission as well as patients with palliative care from the ED. Patients with
procedural complications were not included in the complications cohort since these
complications are hard to predict from the ED.

Data collection

In Study I and II, research assistants collected clinical data and troponin samples
immediately after patient presentation to the ED, with an additional sample taken at
1 hour for hs-cTnT measurements. Data was recorded in real time using a
standardized study form during the initial patient assessment. Each patient provided
a description of their chest pain characteristics, while the attending physician
documented their interpretation of the patient’s history and ECG findings. The chest
pain descriptions were later used to calculate HEART and EDACS scores in Study
I, based on predefined criteria (detailed in Supplement Table 1 and 3). Follow-up
data was gathered from electronic medical records and national patient registries.

Study III and IV used data from the ESC TROP database which integrates
information from regional electronic medical records and multiple quality registries,
including SWEDEHEART, the Swedish emergency care register (SVAR), and the
Swedish National Patient Register [137-139]. Patients diagnosed with ACS and
complications were identified using predetermined International classification of
diseases, 10™ Revision codes (ICD-10) and intervention (KVA) codes and
subsequently included in the analyses (Supplement Table 4 and 5).

Complications were defined as: death, cardiac arrest, cardiogenic shock, pulmonary
edema, high-degree AV block requiring pacemaker (PM), ventricular arrhythmias,
and mechanical complications such as VSD, cardiac tamponade and papillary
muscle rupture. In study IV additional complications included PM or implantable
cardioverter-defibrillator (ICD) implantation and the use of a circulatory assist
devices such as intra-aortic balloon pump (IABP), percutaneous ventricular assist
device (Impella pump) or extracorporeal membrane oxygenation (ECMO). Manual
chart review of all ACS patients with complications (study III) and further, the
entire ACS cohort (Study I1V) was conducted by the author of this thesis, with the
help of one more physician, a medical student and several research assistants. Data
from this review was used to calculate six established risk scores.
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Study endpoints

The primary outcome in study I was adjudicated diagnosis of ACS at index visit.
The secondary outcome was 30-day MACE including the index visit. MACE was
defined as an adjudicated diagnosis of AMI or UA, cardiac arrest, cardiogenic
shock, ventricular arrhythmia requiring intervention, high-degree AV block
requiring intervention and death of cardiac or unknown origin.

The primary endpoint in Study II was MACE within 30 days of the index visit,
using the same MACE definition as in study I. The secondary outcome was index
visit AML.

The primary endpoint in study III and IV was the occurrence of any complication
(as defined above) within 30 days of index visit.

Statistics

Most statistical analyses in this thesis were conducted using IBM SPSS (versions
21-29) and MedCalc statistical software.

For categorical data we used frequencies and percentages. For continuous data —
mean and standard deviation (SD) for normally distributed data and median with
interquartile ranges (IQR) for skewed distributions.

Differences in proportions were assessed using the Chi-square and Fisher’s exact
test, and continuous variables were compared using the Mann-Whitney U test.

For diagnostic accuracy, sensitivity, specificity, negative predictive value (NPV),
positive predictive value (PPV) and likelihood ratios were calculated with
corresponding 95% confidence intervals (CI) (study I, IT and IV).

In study III, odds ratios were used to compare complication rates across different
subgroups in the study population.

In study I and IV logistic regression analyses were performed. In study IV, the
predictive accuracy of the different risk scores and the logistic regression model was
evaluated using the area under the receiver operating characteristic (AUROC) curve.

Diagnostic testing

Diagnostic tests are essential for distinguishing between individuals with and
without a specific disease. Many conditions have a gold standard test for diagnosis;
however, these tests often come with significant limitations, such as being invasive,
time-consuming, or costly. Developing new diagnostic methods that overcome these
challenges is a key focus of ongoing research. The primary aim when introducing
new diagnostic tests is to achieve improved diagnostic performance compared to the
existing gold standard. Table 4 outlines the key statistical measures used to evaluate
diagnostic accuracy.
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Table 4. Measures of diagnostic accuracy
Disease status

Sick Healthy
Test outcome
Test positive True positive (A) False positive (B) Positive Predictive
Value
A/(A+B)
Test negative False negative (C) True negative (D) Negative Predictive
Value
D/(C+D)
Sensitivity Specificity Total
AJ(A+C) D/(B+D)

Sensitivity measures a test’s ability to correctly identify individuals with a disease
(true positives). A highly sensitive test is positive in almost all affected individuals,
making it particularly useful for ruling out disease when the result is negative. For
example, if a test has 99% sensitivity, this means that out of 100 individuals with
the disease, 99 will test positive, while only one will incorrectly test negative (false
negative). A negative result from such a test strongly suggests the absence of
disease.

Specificity measures a test’s ability to correctly identify healthy individuals (true
negatives). A highly specific test is negative in almost all unaffected individuals,
making it useful for confirming disease when the result is positive. For example, if
a test has 98% specificity, this means that out of 100 healthy individuals, 98 will
test negative, while two will incorrectly test positive (false positives). A positive
result from such a test strongly indicates the presence of disease.

Choosing a test depends on what the priority for the results is. In screening studies,
where detecting the majority of diseased individuals is critical, a test with high
sensitivity is preferred. When confirming a diagnosis, a test with high specificity is
more appropriate. However, in clinical practice, we only see test results and must
determine the likelihood that a patient truly has or does not have the disease. This is
where predictive values come into play.

Negative Predictive Value (NPV) measures the probability that an individual with
a negative test result truly does not have the disease.

Positive Predictive Value (PPV) measures the probability that an individual with
a positive test result actually has the disease.

Both NPV and PPV are influenced by disease prevalence, meaning their reliability
varies depending on how common the condition is in a given population.
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Ethical concerns

Ethical concerns in observational studies primarily focus on safeguarding patient
privacy, ensuring transparency, obtaining informed consent, addressing potential
biases in data collection, and maintaining the trust of vulnerable populations. When
conducting registry-based research it is important to understand how the data has
been generated and at all times follow the obvious confidentiality restrictions for all
kinds of personal data [140].

Obtaining informed consent in observational registry studies presents a grey area.
Since data is usually collected retrospectively, patients may not have the chance to
provide direct consent for the use of their medical records in research. Depending
on the study design and jurisdiction, researchers may request a waiver of consent,
but this raises ethical challenges, as patients may be unaware that their data is being
used. All patients in Study I and II signed informed consent upon inclusion. In the
ESC TROP trial (database used in Study III and IV), patients were included by
default and informed through leaflets distributed in the triage area and around the
ED. They were also given the option to revoke access to their data at any point by
contacting the study administrator via phone or email. All studies were approved by
the regional ethics board.

For study III and IV, we conducted manual chart reviews. The most significant
ethical issue in medical chart review studies is maintaining patient privacy and
ensuring that medical information remains confidential. Unauthorized access or
misuse of data could result in breaches of confidentiality and compromise patient
privacy. Our chart review was strictly limited to predefined endpoint parameters,
and no unplanned data was accessed or extracted. Although observational studies
do not intervene in patient care, there may do indirect harm. For instance, patients
may feel anxious or uncomfortable knowing their medical data is being reviewed
for research purposes, especially if sensitive issues are involved. No sensitive
patient information (e.g. socioeconomic status, ethnicity, mental health, substance
abuse etc) was analysed or presented in our studies. The researchers followed strict
protocols for chart review, using monitored accounts with limited access to only the
essential clinical information. The manual chart review was approved by the
regional ethics board.

Medical chart reviews often rely on pre-existing records, which may be incomplete,
inaccurate, or inconsistent. This can introduce biases, such as selection or
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information bias, which could affect the validity and generalizability of the findings.
Ethical concerns arise if these biases are not addressed appropriately, potentially
leading to misinterpretation of patient outcomes or treatments. In our chart review,
two authors independently reviewed most of the cases and discussed their findings
and interpretations. In instances of uncertainty, the main project supervisor had the
final say. We believe that involving several experienced consultants and having
access to the complete patient medical history helped ensure that our interpretations
were as accurate as possible.

In our projects, we adhere to the principle of delivering the right care for the right
patient at the right time. For certain low-risk patients this could mean providing less
interventions than usual. This idea raises a few ethical concerns — first, even lower
risk patients could experience some complications and doing less could prolong the
time to recognition of deteriorating conditions, potentially leading to worse
outcomes. The duty of care requires that each patient receives appropriate medical
attention based on their needs and not statistical probabilities.

Patients should have a say in their care decisions. If hospitals reduce monitoring or
interventions for low-risk patients without informing them, this undermines patient
autonomy. Ethical implementation would require clear communication, shared
decision-making, and an opportunity for patients to express concerns or request
additional care.

Patients trust that hospitals will provide optimal care, regardless of risk level. If they
perceive that they are receiving reduced attention due to resource constraints, trust
in the healthcare system may erode. A lack of transparency in how risk levels are
determined and acted upon could further increase scepticism and dissatisfaction.

On the other hand, if reducing care for low-risk patients allows for better allocation
of resources to critically ill patients, there could be a strong argument in favor of
this approach. However, safeguards must be in place, such as: rigorous, evidence-
based risk assessment models to ensure safe classification, rapid escalation
protocols for low-risk patients whose condition worsens and patient education and
involvement in decision-making about their care level.
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Results

Study I

In study I we compared the patients’ characteristics and the diagnostic accuracy of
the ED physician’s ECG interpretation in 1132 consecutive chest pain patients with
ongoing vs abated chest pain (Figure 8). The main patient characteristics are
presented in Table 5. We found that the patients with abated chest pain (n=501)
were in general older, sicker and had twice as often ACS at index visit (15%) or
MACE within 30 days (15.6%) compared to the ones with ongoing chest pain
(n=631, ACS 7.3%, 30-day MACE 7.4%). Almost all MACE occurred during index
visit with AMI and UA diagnosis being the most common. There were a total of 5
deaths in the cohort (2 patients with ongoing chest pain and 3 patients with abated
chest pain). The patients with abated chest pain had significantly more often signs
of acute ischemia on their ECG (8% vs 4.6%, p=0.018).

Patients meeting
inclusion criteria

n=1167
Excluded due to
missing data
n=35
Patients included in
the final analysis
n=1132
Ongoing chest pain Abated chest pain
n=631 n=501
Index visit ACS 30-day MACE Index visit ACS 30-day MACE
n=46 n=47 n=75 n=78

Figure 8. Flow chart of patients included in study |
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Table 5. ED chest pain patient characteristics

Ongoing chest Abated chest p-value

pain n=631 pain n=501
General information
Age, years (median, IQR) 60.2 (46.4-71.2) 66.5 (52.9-77.0)
Male sex 323 (51.2%) 294 (58.7%) 0.012
History of
Heart failure 62 (9.8%) 65 (13.0%) 0.095
Previous AMI 121 (19.2%) 106 (21.2%) 0.408
Diabetes mellitus type 1 or 2 72 (11.4%) 86 (17.2%) 0.006
Hypercholesterolaemia 129 (20.4%) 131 (26.1%) 0.023
Hypertension 240 (38.0) 257 (51.3%) 0.000
Current medications
Aspirin/ADP-inhibitor 158 (25.0%) 183 (36.5%) 0.000
ACE/ARB-blocker 173 (27.4%) 180 (35.9%) 0.002
Beta-blocker 177 (28.1%) 169 (33.7%) 0.039
Nitroglycerin 140 (22.2%) 124 (24.8%) 0.311
Statins 173 (27.4%) 169 (33.7%) 0.022
Insulin 23 (3.6%) 37 (7.4%) 0.005
Physician assesment
ECG showing signs of acute ischemia 29 (4.6%) 40 (8.0%) 0.018
Physian's level of education 0.173
Intern 240 (38.0%) 164 (32.7%)
Resident 257 (40.7%) 225 (44.9%)
Specialist 134 (21.2%) 112 (22.4%)
Index visit diagnosis of ACS 46 (7.3%) 75 (15.0%) 0.000
Final diagnosis of AMI 32 (5.1%) 48 (9.6%) 0.003
Final diagnosis of UA 14 (2.2%) 27 (5.4%) 0.005
MACE within 30 days
Total MACE (including UA) 47 (7.4%) 78 (15.6%) 0.000
Death - cardiac or unknown cause within 30 1(0.2%) 3 (0.6%) 0.215
days
All-cause death within 30 days 2 (0.3%) 3 (0.6%) 0.478
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Table 6 summarizes the diagnostic performance of the ECG for index visit ACS in
patients with vs. without ongoing pain. The ECG demonstrated low sensitivity (24%
vs. 38%) but high specificity, approaching 97%. However, there was no statistically
significant difference between the two groups. Even after adjusting for confounders,
no significant difference was observed in the ECG’s diagnostic performance for
index visit ACS in patients with ongoing versus abated chest pain.

Table 6. Diagnostic performance of the ECG

Ongoing Chest Pain Abated chest pain Adjusted p-value
Sensitivity, % 23.9 (12.6-38.8) 34.7 (24.0-46.5) 0.064
Specificity, % 96.9 (95.2-98.2) 96.7 (94.6-98.2) 0.805
PPV, % 37.9 (20.7-57.7) 65.0 (48.3-79.4) 0.050
NPV, % 94.2 (92.0-95.9) 89.4 (86.2-92.0) 0.586
LR+ 7.77 (3.91-15.46) 10.55 (5.78-19.25)
LR- 1.27 (1.08-1.50) 1.48 (1.25-1.75)

Study I

In study II we analyzed the diagnostic performance of two established risk scores
(HEART and EDACS) combined with 0-hour/1-hour high sensitivity troponin T
protocol for the assessment of 939 ED chest pain patients. One hundred and sixteen
patients in the cohort (12.4%) had MACE within 30 days. Of them 75 patients had
index visit AMI and 38 patients were diagnosed with index visit UA. The HEART
score alone identified 501 patients (53.3%) as low risk, the HEART 0-hour/1-hour
Pathway ruled out 468 patients (49.8%) and the EDACS 0-hour/1-hour-ADP — a
total of 466 patients (49.6%).

The diagnostic accuracies of the different scores are presented in Table 7. The score
with the highest diagnostic performance was the HEART 0-hour/1-hour Pathway
which correctly identified 467 patients (49.7%) as low risk and missed only 1 patient
with UA. The EDACS 0-hour/1-hour-ADP correctly identified 462 low risk patients
(49.2%). The score missed one patient with AMI and 3 patients with UA within 30
days. The HEART score alone identified 495 true low risk patients (52.7%) but
missed 6 patients with MACE within 30 days — 4 patients with AMI, one with UA
and one that suffered cardiac arrest.

However, due to the notable overlap in the confidence intervals, no statistically
significant difference was observed between the scores.
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Table 7. Diagnostic accuracy of the HEART, HEART 0h/1h Pathway and EDACS 0h/1h-ADP

Sensitivity % Specificity % NPV LR-
(95% ClI) (95% Cl) (95% ClI) (95% Cl)
30-day MACE
HEART score 94.8 (89.1-98.1) 60.2 (56.7-63.5)  98.8 (97.4-99.5) 0.09 (0.04-0.19)
HEART 0Oh/1h 99.1 (95.3-99.9) 56.7 (53.3-60.2)  99.8 (98.5-100.0) 0.02 (0.00-0.11)
Pathway
iggcs Oh/1h 96.7 (91.4-99.1) 56.1(52.7-59.6)  99.1(97.8-99.7) 0.06 (0.02-0.16)

Index visit MI

HEART score 94.7 (86.9-98.5) 57.5(54.2-60.9)  99.2 (98.0-99.7) 0.09 (0.04-0.24)
HEART 0Oh/1h 100.0 (95.2-100.0) 54.2 (50.8-57.5)  100.0 (99.2-100) 0.00 (0-NaN)
Pathway

EDACS 0h/1h 98.7 (92.8 -100.0)  53.8 (50.4-57.2)  99.8 (98.5-100.0) 0.02 (0.00-0.17)
ADP

Study I1I

In Study III we mapped the complications and management of 2463 ED ACS
patients. A total of 151 (6.1%) patients experienced at least one complication within
30 days of their index visit. Patients with complications were older (79.2 vs 69.4
years, p<0.001), often elderly — above 80 years of age (OR 5.29), and more
frequently female (OR 1.34) compared to those without complications. These
patients were more likely to be admitted to the CCU/ICU (OR 2.51), less likely to
undergo coronary angiography (OR 3.60) and less likely to be revascularized (OR
2.03) compared to patients without any complications.

We divided the patients into subgroups based on ACS subtype (STEMI, NSTEMI
and UA), admission ward (CCU/ICU and other wards), age (>80 years old), sex
(males vs. females) and analyzed the differences in management. The complications
and management details based on admission ward are presented in Table 8. Patients
admitted to the CCU/ICU were more likely to be diagnosed with STEMI (OR 2.5),
more often underwent coronary angiography (OR 18.0) and had a lower 30-day
mortality (OR 0.16) than the patients admitted to other wards. Mortality rates were
significantly higher in the medical/geriatric wards than in cardiology units or the
CCU.
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Table 8. Complications and management of ED ACS patients based on admission ward
Patients with complications within 30 days

Complication Type
Death

Death during index visit
Cardiac arrest
Cardiogenic shock
Ventricular arrhythmia
High-degree AV block
Pulmonary edema
VSD

Cardiac tamponade

Time from ED arrival to
first complication

0-12h

12 to 24h

after 24h

Situation at complication
Present in ED

Before planned coronary
angiography

During coronary
angiography

Admission level
CCuU
ICU

Cardiology ward with
telemetry

Telemetry ward
Medical/geriatric ward

ED

All ACS patients
n=2463

84 (3.4%)
53 (2.1%)
33 (1.3%)
10 (0.4%)
12 (0.5%)
13 (0.5%)
22 (0.9%)
2(0.1%)
2 (0.1%)

65 (2.6%)
12 (0.5%)
74 (3.0%)

41 (1.7%)
38 (1.5%)

17 (0.7%)

874 (35.5%)
10 (0.4%)
764 (31.0%)

433 (17.6%)
379 (15.4%)
3(0.1%)

All patients
n=151

84 (55.6%)
53 (35.0%)
33 (21.9%)
10 (6.6%)
12 (7.9%)
13 (8.6%)
22 (14.5%)
2(1.3)
2(1.3)

65 (43.1%)
12 (7.9%)
74 (49.0%)

41 (27.2%)
38 (25.2%)

17 (11.3%)

79 (52.3%)
9 (6.0%)
18 (11.9%)

15 (9.9%)
27 (17.9%)
3 (2.0%)

Admitted to
CCu/IcU
n=88

34 (38.6%)
23 (26.1%)
29 (33.3%)
8 (9.1%)
12 (13.6%)
8 (9.1%)
16 (18.1%)
2 (2.3%)
2 (2.3%)

48 (54.5%)
8 (9.1%)
32 (36.4%)

29 (33.0%)
34 (38.6%)

16 (18.2%)

79 (89.8%)
9 (10.2%)
0

Not admitted
to CCU/ICU
n=63

50 (79.4%)
29 (46.0%)
4 (6.3%)
2 (3.2%)
0
5 (7.9%)
6 (9.5%)
0
0

17 (27.0%)
4 (6.3%)
42 (66.7%)

12 (19.0%)

4 (6.3%)

1(1.6%)

0
0
18 (28.6%)

15 (23.8%)
27 (42.8%)
3 (4.8%)
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Treatment Strategy

Invasive 1416 (57.5%) 78 (51.7%) 68 (77.3%) 10 (15.9%)
PCI 1202 (48.8%) 51 (33.8%) 44 (50.0%) 7 (11.1%)
CABG 228 (9.3%) 11 (7.3%) 10 (11.4%) 1(1.6%)
Conservative treatment 1041 (42.3%) 67 (44.4%) 19 (21.6%) 48 (76.2%)
Palliative treatment 6 (0.2%) 6 (4.0%) 1(1.1%) 5(7.9%)

ACS diagnosis

STEMI 279 (11.3%) 62 (41.1%) 44 (50.0%) 18 (28.6%)
NSTEMI type 1 1318 (53.5%) 71 (47.0%) 37 (42.0%) 34 (54.0%)
NSTEMI type 2 u/a 10 (6.6%) 3 (3.4%) 7 (11.1%)
Unstable angina 866 (35.2%) 2 (1.3%) 1(1.1%) 1(1.6%)
Others u/a 6 (4.0%) 3 (3.4%) 3 (4.8%)

We observed variations in complication rates based on ACS subtype — 22% in
STEMI patients, 5.4% in NSTEMI and just 0.2% in UA patients. The types of
complications also differed — cardiac arrest and cardiogenic shock were more
common in STEMI cases, while pulmonary edema and high-degree AV block were
more prevalent in NSTE-ACS patients. Additionally, patients with STEMI in our
study population tended to develop complications earlier, typically within the first
12 hours, whereas complications in NSTEMI patients were more likely to occur
after 24 hours.

Study IV

In Study IV we evaluated the ability of six published risk scores to predict
complications in 2223 ED ACS patients and compared their performance to a new
logistic regression model. After conducting a manual chart review, we identified
164 patient (7.4%) who suffered at least one serious complication, with many
patients having multiple complications (Figure 9). Patients with complications were,
on average, older, sicker, and more likely to have a signed Do-Not-Resuscitate
(DNR) order compared to the patients without complications.
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Figure 9. Number and types of complications in 2223 ED ACS patients
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Our logistic regression analysis identified several statistically significant predictors
of complications, including age (OR 1.04), STEMI (OR 2.02), higher troponin at
arrival (OR 1.80), elevated initial lactate (OR 11.62), shock index (OR 3.85,), Killip
class (OR 2.24 for class II; OR 6.48 for class I1I), and new ECG changes (OR 2.11).
The AUROC for both the published scores and our logistic regression model is
presented in Figure 10. Our logistic regression model demonstrated excellent
predictive ability (AUROC 0.84) and outperformed all existing risk scores —
GRACE FFE (0.79), ACTION ICU (0.77), GRACE (0.76), TIMI (0.74), HEART
(0.69) and CHA2DS2-VASc (0.64).

~—New logistic regression
—— GRACE FFE NEG
—ACTION ICU

GRACE
——TIMI Risk Index
~——HEART

CHA2DS2VASc
——Reference Line

Sensitivity

"0,0 0,2 0,4 0,6 0,8 1,0

1 - Specificity

Figure 10. ROC curves of published risk score compared to a new logistic regression model
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The corresponding cutoff values along with the accuracy of the different risk scores
are shown in Table 9. With a set sensitivity of 90%, our logistic regression model
could correctly identify 98 patients with and 1007 patients without complications,
providing the highest specificity of 52% and NPV of 99.0% compared to the
published risk scores.

Table 9. Cut-offs and accuracy of the risk scores for complications in ED ACS patients, n=2056

Score AUROC 95% ClI Cut-off Sensitivity Specificity
New logistic 0.837 0.796 - 0.879 0.022 90.7% 51.7%
regression

GRACE FFE (neg) 0.792 0.748 - 0.837 -260.5 90.7% 43.4%
ACTION ICU 0.772 0.724 - 0.820 2 90.7% 30.7%
GRACE 0.756 0.703 - 0.809 80.8 90.7% 24.4%
TIMI 0.739 0.683 - 0.794 16.6 90.7% 21.3%
HEART 0.687 0.638 - 0.736 5 91.7% 26.3%
CHA2DS2VASc 0.640 0.588 - 0.692 1 91.7% 17.6%
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Discussion

Extensive research has focused on improving the management of ED chest pain
patients, with an emphasis on rapidly ruling out low-risk patients while minimizing
unnecessary testing and hospital admissions. However, optimizing the disposition
and monitoring of ACS patients remains a significant challenge for ED physicians,
particularly given the persistent shortage of hospital beds and resources. The
primary aim of this thesis is to identify factors that enhance risk stratification,
improve diagnostic accuracy, and refine the management of chest pain patients in
the ED. This thesis presents multiple key findings.

Ongoing vs abated chest pain in the emergency department

In Study I, we found that patients whose chest pain had abated upon ED arrival
were generally older, with more comorbidities, and were at a higher risk of ACS
and MACE compared to those with ongoing chest pain. Unlike the carefully selected
cardiology patients, the ED cohort includes a diverse range of conditions, and our
findings demonstrate that ongoing chest pain is not a reliable indicator of disease
severity. Contrary to the recommendations of certain triage systems [32, 35], our
results suggest that patients with resolved chest pain should not automatically be
assigned lower priority than those with persistent symptoms.

While STEMI patients frequently present with ongoing chest pain, NSTE-ACS
patients more often report one or multiple episodes of chest pain that have subsided
by the time they reach the ED. Given these findings, we emphasize the importance
of obtaining a thorough patient history during triage. Patients with a typical chest
pain history but no ST-elevations on ECG should be prioritized equally regardless
pain status to ensure timely and appropriate care.

Diagnostic accuracy of the ECG in patients with and without ongoing
chest pain

The diagnostic value of ECG in detecting NSTE-ACS is known to be limited, as a
normal ECG does not rule out the diagnosis [141]. Previous studies on patients with
known cardiovascular disease suggest that ECG recorded during ongoing chest pain
has greater diagnostic performance, as ischemic changes may be present during pain
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but disappear once symptoms subside [142]. However, the correlation between
chest pain characteristics and ischemic ECG changes is weak [143, 144], and in
some ACS patients, ischemia and myocardial necrosis can occur without chest pain.
Therefore, obtaining an ECG even in the absence of ongoing symptoms remains a
reasonable approach.

There is no firm evidence that ECG performance is consistent across all ED chest
pain patients. Recent studies indicate that the diagnostic accuracy of ECG criteria
for ACS in the ED setting is low [145]. To our knowledge, Study I was the first to
assess the diagnostic accuracy of ECG in ED patients with and without ongoing
chest pain. We found that ECG sensitivity was low and specificity was high in both
groups, in accordance with previous research [146]. After adjusting for potential
confounders, we were unable to demonstrate a significant difference in ECG
accuracy between the two groups. Therefore, we recommend that if the ECG is
normal or inconclusive, regardless of pain status, the evaluation should continue
with the troponin testing and further clinical assessment. The role of repeated ECGs
warrants further investigation.

Diagnostic accuracy of the HEART Pathway and EDACS-ADP when
combined with 0-hour/1-hour hs-¢TnT algorithm

In study II we assessed the diagnostic accuracy of the HEART and EDACS-ADP
scores combined with 0-hour/1-hour hs-cTnT algorithm for ruling out MACE
within 30 days in ED chest pain patients. Our findings demonstrated that all tested
strategies identified a substantial proportion of low-risk patients, with a NPV
exceeding 98%. Notably, HEART 0-hour/1-hour Pathway and EDACS 0-hour/1-
hour-ADP achieved an NPV above 99.5% for ruling out index visit AMI, a
commonly accepted threshold for defining an effective chest pain rule-out strategy
[147]. There were no statistically significant differences between the scores,
suggesting that their application in clinical practice is reasonable. The choice of
score may be left to individual physician preference, depending on familiarity and
comfort with its use.

Several previous studies have recommended the use of high-sensitivity troponins in
conjunction with the 0-hour/2-hour hs-cTnl and 0-hour/3-hour hs-cTnT algorithms
alongside the HEART score [148-150] and EDACS-ADP [92]. Our study is the first
to propose using the 0-hour/1-hour hs-cTnT algorithm with the HEART Pathway
and EDACS-ADP, thereby reducing the time required for rule-out. Our results align
with existing literature, confirming that the HEART Pathway and EDACS-ADP can
safely rule out MACE in a large cohort of ED chest pain patients.

While the 0-hour/1-hour hs-cTnT algorithm alone has been shown to effectively
rule out AMI [136] it does not reliably exclude 30-day MACE including unstable
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angina. Thus, the algorithm should be used in conjunction with a comprehensive
clinical assessment.

Our study contributes to the growing body of evidence supporting the safety of the
HEART Pathway and EDACS-ADP [150-152] and shows that these risk scores can
be effectively integrated with a guideline-approved algorithm. This combination has
the potential to enhance patient management and streamline clinical decision-
making.

Complications in ED ACS patients

In studies III and IV, we investigated complications in ED ACS patients. Our
findings revealed that complications occurred in approximately 6-7% of all ACS
patients, with nearly one-third already present upon ED arrival. Study III mapped
complication types and management strategies, revealing that a significant
proportion of ACS patients with complications were not admitted to the CCU/ICU,
and did not receive invasive treatment, despite current guideline recommendations.
This raises important questions about admission and treatment criteria.

Interestingly, mortality and severe complication rates were significantly lower than
in previous studies [153-155], potentially due to more advanced cardiac care, a
lower STEMI prevalence, and a higher proportion of UA patients in our population.
However, the potential influence of additional factors (such as comorbidities,
socioeconomic conditions, and variations in treatment approaches) remains
uncertain but cannot be ruled out.

CCU/ICU admission for ACS patients aims to monitor for life-threatening
complications like malignant arrhythmias and cardiogenic shock. However, modern
care has reduced the incidence of severe arrhythmias [156] potentially leading to
CCU overutilization [12, 157]. A recent study found that while ACS patients
comprise up to 56% of CCU admissions, only about 5% required intensive treatment
beyond monitoring [158]. Our findings support this: only 1.3% of ACS patients
experienced cardiac arrest or cardiogenic shock, and 2% had malignant arrhythmias
requiring intervention, leaving over 96% of ACS patients free from any significant
rhythm or circulatory disturbances. These findings suggest that continuous ECG and
advanced circulatory monitoring should be reserved for truly high-risk patients
rather than applied universally to all ACS cases.

The variation in complication types and timing across ACS subtypes highlights the
need for a more individualized management approach to optimize resource use and
outcomes. Current guidelines advocate for uniform admission strategies for AMI
patients [159], but our findings question their effectiveness. Few NSTEMI patients
developed complications, typically after 24 hours, challenging the recommendation
for routine short-term (up to 24h) monitoring. Given the low complication rates in
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NSTE-ACS patients, universal CCU/ICU admission may not be the most efficient
approach. Prioritizing high-risk patients could help alleviate CCU overcrowding.

More than half of ACS patients with complications were over 80 years old, and most
deaths occurred in this group. Advanced age is a known risk factor for increased
mortality in ACS [160]. Study IV showed that approximately 64% of elderly
patients (aged 75 and above) had a signed DNR order, suggesting that many in the
complication group had a limited life expectancy. In these cases, telemetry
monitoring is not indicated, and less intensive approach may be more appropriate.
Frailty and comorbidities significantly impact outcomes in the elderly and are key
considerations in treatment decisions [161]. However, there remains no clear
consensus on whether invasive treatment consistently improves outcomes in this
population. Recent studies argue that invasive approach in frail elderly doesn’t
improve clinical outcomes and advise on a more individualized treatment plan for
these patients [18, 162]. Based on our results, individualized plans for elderly ACS
patients seem reasonable, without routine CCU/ICU admissions and coronary
interventions.

In our study population, just over half of ACS patients underwent revascularization
within 30 days of admission. More than 20% of the patients underwent coronary
angiography but did not receive PCI due to factors like complex anatomy,
insignificant stenosis, or significant comorbidities. Despite this, complication rates
remained low, suggesting that a more conservative approach to ACS management
may be appropriate in selected cases.

In Study III, approximately one-third of patients with complications already had
them at admission, yet 12 patients (7.9%) were not admitted to the CCU/ICU,
indicating that factors beyond complication risk influence admission decisions.

Our findings highlight that, in real-world clinical practice, complications in ACS
are less frequent than expected and patient selection for CCU/ICU admission is not
strictly based on guideline recommendations but involves more nuanced decision-
making. This underscores the need for improved risk stratification, potentially
supported by a decision-assist algorithm, to enhance consistency and optimize
patient care. Developing a simple risk score that can be quickly calculated in the ED
to identify low-risk patients could benefit both ED physicians and cardiologists.

In study IV, we developed a new risk prediction algorithm using logistic regression
analysis, incorporating age, vital signs, basic blood tests, and ECG findings. This
model outperformed six published scores, demonstrating excellent predictive
ability. Many of its key predictors, such as blood pressure, heart rate, Killip class,
STEMI, and larger infarction (presented by high troponin levels), are well-
established risk factors [135, 163-166]. Notably, lactate, typically associated with
impaired circulation and infections [167-170], emerged as a predictor of
complications even in initially stable ACS patients — a novel finding that suggests
lactate measurement could enhance early risk assessment in ED ACS patients.
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Although most risk scores assess similar variables, none of the previously published
scores performed well in predicting 30-day complications in ACS patients. This is
not entirely surprising, as most of these scores were not specifically designed to
predict the broad range of complications we examined in our population.
Additionally, some of these scores were created for specific patient populations. For
instance, the HEART score is intended to predict 6-week risk of AMI and mortality
in unselected chest pain patients in the ED, while the ACTION ICU score is
designed to predict complications requiring ICU admission in NSTEMI patients,
and the CHA2DS2-VASc score is primarily used to assess the need for
anticoagulation in patients with newly diagnosed atrial fibrillation. Our new model
demonstrated the highest specificity, accurately identifying 49% of ACS patients as
low risk at a fixed sensitivity of 90%. This tool could help ED physicians reduce
unnecessary CCU/ICU admissions, allowing cardiologists to focus resources on
truly high-risk patients. Further research is needed to refine risk stratification and
optimize the management of ACS patients in the ED, ensuring that high-risk
individuals receive appropriate intensive care while avoiding overcrowding the
CCU.

Limitations

Several methodological limitations should be considered when interpreting the
results of this thesis.

The choice of study design has its limitations. In all four studies we analysed
patient registry data — a widely used approach in epidemiological research [171].
Patient registries enable the prospective collection of observational and clinical data,
allowing for large-scale analyses, diverse populations, and efficient data collection
at a lower cost than randomized controlled trials [172]. Moreover, registries provide
real-world data and include complete study populations, reducing the risk of
selection bias. However, registry data often suffer from variable quality due to
missing or incomplete information, administrative errors, discrepancies between
different registries, lack of active follow-up, and limited clinical detail.

To enhance data accuracy, in study III and IV we performed a medical record
review (MRR), also known as a retrospective chart review. MRR studies, which use
pre-recorded patient data, are commonly employed in emergency medicine
research, accounting for approximately 25% of recent publications in the field [173].
One advantage of MRR is that data collection has already occurred, making it a
relatively quick method compared to prospective studies. In some cases, the quality
of MRR data is comparable to prospectively collected data. For instance, ECG
findings indicative of AMI remain unchanged whether documented retrospectively
or recorded in real time. Additionally, retrospective data collection may provide a
more accurate representation of clinical practice, as prospective studies risk
introducing observation bias, where patient management may be altered simply
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because it is being studied. For these reasons, a registry study combined with a chart
review was deemed the most appropriate design for our research questions.

Despite these advantages, MRR studies have known limitations, particularly
regarding retrospective and source-dependent data collection. Medical records
primarily serve as clinical documentation rather than research tools, increasing the
risk of missing data and misinterpretation of findings. Missing data can introduce
nonresponse bias if the omitted cases differ significantly from the rest of the study
population. This issue is particularly relevant to chart reviews, where clinically non-
essential information may be omitted, or certain records may be inaccessible.

By comparing the findings from Study III and IV, we recognized the limitations of
our registry data. Future studies addressing similar research questions should
incorporate medical record reviews more frequently to enhance data quality and
ensure the accuracy of results and conclusions.
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Future directions

Despite extensive research on ED chest pain management and numerous risk
stratification algorithms for identifying low-risk patients eligible for early
discharge, the optimal approach for intermediate-risk patients remains unclear.
Further studies are needed to refine their management, as current clinical guidelines
often lead to unnecessary testing and admissions, highlighting the uncertainty
surrounding the best course of action.

An ongoing Swedish project is addressing this gap by studying intermediate-risk
chest pain patients (HEART score >3) without myocardial infarction [174]. This
multicenter study is evaluating early coronary computed tomography angiography
(CCTA) as a non-invasive alternative to traditional testing. If widely implemented,
CCTA could offer a rapid, efficient assessment option directly from the ED,
provided the necessary hospital infrastructure is in place.

Age-related differences in ACS complications suggest that more targeted research
within specific age groups could provide valuable insights into their unique risk
profiles and management needs.

The development of a new risk score based on our logistic regression model to
predict 30-day complications in ED-diagnosed ACS patients is currently underway
and will soon be presented. Multicenter observational studies are essential for
validation, and if successful, a randomized controlled trial assessing the safety of
step-down unit admissions for low-risk ACS patients based on this model would be
highly valuable.

If step-down unit strategy proves to be safe, it may prompt a broader discussion
about whether ambulatory coronary angiography for select ACS patients — such as
those with minimal MI or UA receiving appropriate medical therapy — is merely an
ambitious vision or an emerging clinical reality.

With advancements in artificial intelligence and machine learning, integrating these
technologies with clinical evaluations for ED chest pain risk assessment could
enhance accuracy and improve patient outcomes in the future.
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Conclusion

Efficient diagnostics and accurate risk stratification for ED patients with acute chest
pain are critical, yet there remains significant potential for improvement in their
management. This thesis primarily addresses two key challenges in the ED:
accurately identifying low-risk chest pain patients eligible for rapid and safe rule-
out and recognizing high-risk patients who require advanced care.

Our findings indicate that patients presenting with ongoing chest pain in the ED tend
to be younger, healthier, and at a lower risk for ACS and MACE within 30 days.
Additionally, the diagnostic performance of ECG during active chest pain is not
superior to its interpretation after symptom resolution.

The use of risk stratification tools such as HEART and EDACS-ADP, in
combination with the validated 0-hour/1-hour high-sensitivity troponin algorithm,
enables emergency physicians to safely discharge a substantial proportion of ED
chest pain patients.

Among ACS patients diagnosed in the ED, serious complications occurred in only
6-7% of cases, with more than a third of these complications already evident at the
time of presentation. Furthermore, four out of every ten ACS patients with
complications were not admitted to the CCU/ICU, and nearly half were not managed
invasively, contrary to current guideline recommendations.

In an era of limited resources and hospital bed shortages, accurate patient selection
and precise risk assessment are increasingly important. Our study demonstrated that
a logistic regression model incorporating simple variables available in the ED, such
as age, vital signs, ECG findings, and basic blood tests (including lactate and
troponin at arrival), was excellent in predicting complications and outperformed six
established risk scores.

The management of acute coronary syndromes in the ED is a dynamic and evolving
field. Timely assessment, risk stratification, and initiation of appropriate therapies
are paramount to improving patient outcomes. While significant progress has been
made, continued research is essential to address existing challenges and enhance the
quality of care for patients with ACS.
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Summary

This thesis focuses on diagnosis and risk assessment of chest pain patients coming
to the emergency department (ED). Every day, many people show up at the ED with
chest pain, often worried they might be having a heart attack. However, only about
one in ten of these patients are actually diagnosed with acute coronary syndrome
(ACS), which includes conditions like unstable angina (threatening heart attack) and
heart attack. Sometimes it takes a lot of time to confidently rule out a heart attack.
Right now, diagnosing ACS in the ED is not as accurate as it could be, leading to
many unnecessary tests. About three-quarters of patients admitted with suspected
ACS end up being fine, which wastes resources and does not offer the best care for
our patients. When the ED gets crowded, it can be hard to give everyone the
attention they need in a timely manner. This thesis focuses on creating tools to
quickly and accurately identify patients having a heart attack, so people who are not
at risk can safely be sent home without the long wait. The thesis also looks at factors
that can help predict which heart attack patients might get really sick and need
advanced treatment.

When it comes to diagnosing chest pain, three things are key: the patient’s history
(what they tell us), the ECG (a short recording of the heart’s electrical activity that
could show signs of heart attack), and the troponin level (a blood test showing
damage to the heart muscle).

The patient’s history is critical, but it is also one of the trickiest parts because it is
based on what the patient shares, and how the doctor interprets it. This can be
subjective, depending on the doctor's experience. To help with the clinical decisions,
we use tools called risk scores, which help standardize the process and can make it
more reliable. These tools ask important yes/no questions, looking at details from
the patient, the ECG, and the initial troponin test. Based on the answers, a score is
given that helps predict the likelihood of a heart attack.

As for the ECG, doctors often say, "If the patient has chest pain again, take a new
ECG!" The idea is that if the pain is still there, the ECG will clearly show if a heart
attack is happening. However, we do not know if this is true for all chest pain
patients in the ED . In our first study, we looked at all chest pain patients in the ED
and their ECGs and found that patients with ongoing chest pain were younger,
healthier, and had half the rate of ACS compared to patients whose pain had already
gone away. We could not prove that taking the ECG under active chest pain was
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better. Now, we recommend: "Take an ECG, and if it is normal or you cannot
decide, move on to the troponin test."

In the past, there used to be a routine that a second troponin test should be done at
least 3 hours after the first one to check if the patient has a heart attack, which meant
patients had to stay in the ED for a very long time. Now, we have shortened that
wait to just 1 hour after the first test, which allows us to quickly identify the sick
ones. In our second study, we looked at whether combining two well-known risk
scores with the troponin values from the first test and one hour later could help us
determine which patients could safely go home without missing any heart attacks.
We found that this combination can safely send home almost half of chest pain
patients within just one hour of arriving at the ED, making the process faster and
helping reduce the pressure on the department.

Patients suspected of having ACS are often connected to heart monitors and
admitted to the cardiac care unit (CCU) — a ward in the hospital where the medical
staff monitors the heart patients 24/7. This is mostly done to keep a close eye on
potential life-threatening complications like dangerous arrhythmias (when the heart
beats like crazy), which can lead to cardiac arrest (when the heart stops beating) and
death. While CCU admission ensures patients are closely monitored and reduces the
risk of missing any serious issues, there are limited CCU beds, and often there are
not enough beds for all patients with suspected ACS. Not only is the diagnosis of
ACS less common than initially suspected, but many ACS patients also never
experience complications. In our studies III and IV, we aimed to understand which
patients are more likely to experience complications and identify key factors that
can help predict who is at higher risk. In Study III, we found that only 6 out of every
100 ACS patients have complications, and these patients tend to be older, sicker,
and often treated only with medications in general medical wards without
undergoing coronary angiography (a test which allows the doctor to see inside the
blood vessels of the heart). In Study IV, we developed a new risk prediction model
using simple factors like vital signs, blood tests, and ECG results, which are already
available in the ED. We demonstrated that our model was better at predicting
complications than six widely used algorithms.

Improving how we assess risk could help us take better care of chest pain patients
by making better use of CCU beds, monitoring, and hospital resources around the
world. It could also reduce unnecessary tests and admissions for low-risk patients.
The findings from this research could lead to better care for all chest pain patients
in the emergency department.
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Popularvetenskaplig sammanfattning

Den hir avhandlingen handlar om hur vi kan diagnostisera och bedéma risker hos
patienter med brostsmaérta pa akutmottagningen. Varje dag kommer ménga personer
med brostsmarta till akuten och ar oroliga over att de ska ha fétt en hjartinfarkt.
Emellertid ar det bara ungefir en av tio som far diagnosen akut koronart syndrom
(AKS), som inkluderar bade instabil angina (hotande hjartinfarkt) och akut
hjértinfarkt. Problemet idag &r att det tar tid att utesluta hjartinfarkt med sékerhet.
Den initiala diagnostiken av AKS ér idag inte av optimal kvalitet. Patienterna maste
genomga ménga langdragna utredningar, och cirka tre av fyra av de som ldggs in pa
sjukhus for misstdnkt AKS visar sig inte ha det. Det hér belastar sjukvéarden och
innebér lag kvalitet pd varden for patienterna. Ibland kommer ménga patienter
samtidigt till akuten, vilket gor att vi inte alltid hinner ge alla snabb och bra vard.
Darfor vill vi skapa ett verktyg som hjdlper oss att snabbt och sékert identifiera de
patienter som verkligen har en hjértinfarkt, sa att de som é&r hjértfriska kan snabbt
och tryggt skickas hem fran akuten. Vi vill ocksa hitta faktorer som kan hjilpa till
att forutsdga vilka hjartinfarktpatienter som kan bli allvarligt sjuka och behova
avancerad vard.

Tre faktorer hjilper oss att bedoma patienter med brostsmairta: patientens anamnes
(vad patienten berittar), EKG-et (nagra sekunders inspelning av hjartats elektriska
aktivitet, som visar om hjartmuskeln &r skadad) och troponinvérdet (ett blodprov
specifikt for hjartat som visar hjartmuskelskada).

Anamnesen, dvs vad patienten berdttar om sina symtom och tidigare sjukdomar, ar
en viktig del av beddmningen, men ldkarens tolkning kan vara véldigt subjektiv och
beror mycket pé lidkarens erfarenhet. Darfor finns det nagra riskbedomningsverktyg,
sé kallade risk scores, som gor det littare att standardisera bedomningen. De baseras
pa ja/nej-fragor om patientens historia, EKG och det forsta troponinvérdet.
Beroende pé svaren fér patienten podng och vi kan forutsiga om risken for
hjartinfarkt &r hog.

Nar det géller EKG, brukar vi ldkare sdga: "Om patienten far ont i brostet igen, ta
ett nytt EKG!” Man tror att EKG under pagaende brostsmarta bittre visar om det
handlar om hjértinfarkt. Det r en véldigt gammal tradition, men vi vet inte om det
stimmer for alla patienter pé& akuten. I var forsta studie tittade vi pé alla brostsmaérta
patienter pa akuten och deras EKG och vi kunde visa att patienter med pagéende
brostsmérta pa akuten var yngre och friskare och oftare inte hade AKS 4n de vars
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smérta hade avklingat. Vi forsokte, men kunde inte bevisa att den gamla rutinen
med EKG under pagiende brostsmérta forbattrade vart arbete. Darfor sdger vi nu
istillet: ”Ta ett EKG, och om det dr normalt eller du kan inte bestimma nagot
konkret, g vidare med troponinprover.”

Tidigare var rutinen att ett nytt troponinprov skulle tas minst 3 timmar efter det
forsta for att se om patienten har en hjartinfarkt, vilket innebar att patienterna fick
vénta lange pa akuten. Nu har vi kortat ner tiden till bara 1 timme, vilket gor att vi
snabbare kan upptédcka dem som faktiskt har en hjartinfarkt. I var andra studie tittade
vi pd mojligheten att kombinera tvd kdnda risk scores med troponinvéirden vid
ankomst och efter 1 timme for att beddma vilka patienter som kan ga hem direkt
utan att missa nagon hjértinfarkt. Vara resultat var lovande och visade att denna
kombination kan tryggt skicka hem néstan hilften av brostsméirta patienterna redan
efter en timme pé akuten, vilket skulle gora vart arbete mer effektivt och kan minska
belastningen pé akuten.

Patienterna med misstinkt AKS ldggs ofta in pa hjértintensiven (HIA) — en
avdelning dir man ar uppkopplad p& monitor och 6vervakas hela tiden for att se om
hjartat slar som det ska, eftersom vi &r oroliga att de kan fa allvarliga
komplikationer, som livshotande storningar i hjartats elektriska aktivitet som kan
leda till hjartstopp och dod. Att vara pd HIA innebédr att man &r under noggrann
overvakning och minskar riskerna att missa ndgon komplikation, men platser pa
HIA é&r begransade och ricker inte till for alla. Manga patienter med AKS far inga
komplikationer alls.

I studierna III och IV forsokte vi kartligga vilka patienter som faktiskt far
komplikationer och vilka de vanligaste komplikationerna &r. Vi undersdkte dven
viktiga faktorer som kan hjélpa oss att forutsiga vilka patienter som har hog risk for
allvarliga komplikationer. I Studie III visade vi att endast 6 av 100 patienter med
AKS far komplikationer, och dessa patienter &r ofta dldre och sjukare. En del av
dessa patienter behandlas enbart med mediciner pé vanliga avdelningar och
genomgar inte kranskérlsrontgen. I studie IV presenterade vi en ny metod for att
forutsdga komplikationer, dér vi anvénder enkla faktorer som vitala parametrar,
blodprover och EKG, som redan &r kénda nér patienten kommer till akuten. Vi
visade att var nya metod var battre pa att forutsdga komplikationer 4n sex tidigare
publicerade risk scores.

En forbattrad riskbedomning skulle gora det mojligt att anvinda sjukhusresurser
som Overvakning och séngplatser mer effektivt och minska onddiga inlédggningar
och tester for patienter med lag risk. Fynden som beskrivs i denna avhandling kan
dérfor leda till battre vard for alla patienter med brostsmaértor pé akuten.
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My journey

The heart has always been an important part of my life. As a child, whenever I
played doctor, my toys inevitably ended up with heart problems. When I was a
teenager, | would always buy the heart-shaped necklaces. In medical school, the
heart was the most interesting organ in anatomy class. My first job was at the
National Cardiology Hospital in Sofia. Even today, I find heart patients the most
intriguing, and myocardial infarction remains one of my favourite conditions to
study. It felt natural that my research would also focus on the heart.

I enjoy working with chest pain patients. Meeting these patients presents an exciting
challenge — figuring out the underlying problem is like solving a puzzle. I have cared
for all kinds of patients, from those experiencing anxiety to critically ill individuals
in cardiogenic shock due to a massive myocardial infarction, where every second
counts. The ED is a unique place, bringing together people with vastly different
needs. A big part of my job is to prioritize correctly, ensuring that each patient
receives the right tests and treatment.

One of the biggest challenges in the ED today is overcrowding. Patients sometimes
wait for hours to see a doctor, get an X-ray, or be admitted to a ward. For someone
with a suspected infarction, these delays can be life-threatening — time can literally
mean the difference between life and death. We are constantly discussing how to
improve. After working closely with chest pain patients and seeing the daily
struggles first-hand, I felt compelled to investigate the problem further and develop
something meaningful that could improve both our workflow and patient care.

I met my supervisor, UIf Ekelund, a few weeks after I started working in the ED in
Lund during the summer of 2015. I knew he had a big research group focused on
ACS and chest pain, and I felt that I had to reach out. I still remember the day I
asked him if I could get involved in a project — he looked at me suspiciously but
quickly agreed to give it a try. At the time, I was new to Sweden, learning the
language, adjusting to a different healthcare system, and just starting my career
while aiming for a residency spot. Ulf and I decided it would be best to start small.
And now, nearly 10 years later, ’'m here writing this thesis. It has been an incredible
journey — full of ups and downs, countless hours wrestling with statistical software,
and endless presentation-practice sessions in front of the mirror. But I made it
through.
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At first, | was eager to dive straight into the data. But I quickly ran into my first
obstacle — I had no idea where to start. I spent hours watching YouTube tutorials
and asking my friends for help. I remember chasing my co-supervisor, Ardavan,
down the hallway, begging him to show me how to run a Chi-square test in SPSS.
Despite the steep learning curve, I managed to write an abstract and present it at the
annual SWEdish Emergency medicine Talks (SWEETs) conference in Stockholm
in 2016. Looking back, I do not think I had any idea of what I was talking about at
the time. Balancing night shifts and clinical rotations slowed down my first
publication, but eventually, the paper was published. Just as it was going to print,
discussions about an official PhD position began. And then it was 11 of January
2020 when the email came that I was finally accepted to the PhD program and my
world changed.

Over the years, I have had the privilege of meeting brilliant researchers from around
the world, reading hundreds of fascinating papers, and attending numerous
conferences. Ulf often jokes that I am the “conference lady” because I try to attend
as many as possible. But I genuinely believe these experiences have provided me
with invaluable knowledge and inspiration.

Public speaking has always been a challenge for me. I vividly remember my first
international presentation at the EUSEM conference in Lisbon in 2021. I prepared
my talk a month in advance and rehearsed it at home. Poor Henrik had to listen to
me every single day. On the day of the presentation, I walked 10 km just to calm
my nerves. Sitting in the lecture hall moments before my turn, I checked my watch
and saw my heart rate skyrocketing — during the talk, it shot up to 150 beats per
minute (talk about priol-criteria here!). But once it was over, the first thing I said to
Ulf was, “When can I do it again?!” That moment gave me the confidence to push
forward. Since then, I’ve presented at multiple conferences, and my preparation time
has decreased significantly. For my latest presentation, I finished my slides just the
day before and practiced for only a few hours — I call this improvement.

Over the past few months, I dedicated myself to preparing this thesis. Despite the
sleepless nights and weary eyes, | could feel myself growing with every word I
wrote. | am grateful for the opportunity to present my work and sincerely hope it
sparks the same questions that drove me at the beginning. And perhaps, one day, it
will contribute to meaningful change for the better.

In my future career, I hope to continue working with chest pain patients while
expanding my research projects, perhaps even establishing my own research group
one day. I aspire to inspire others to embark on the journey of research, exploring a
world of limitless knowledge and opportunities for innovation. Just as Ulf has
guided me throughout the years, I hope to mentor and support others in their pursuit
of discovery and progress.
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Supplement

Supplement Table 1 HEART Score

History Highly suspicious 2
Moderately suspicious 1
Slightly or nonsuspicious 0
ECG Acute ischemia 2
LBBB, RBBB, LVH, PM 1
No signs of acute ischemia 0
Age > 65 years 2
45 — 65 years 1
< 45 years 0
Risk factors > 3 risk factors, or history of 2

atherosclerotic disease

1 or 2 risk factors 1
No known risk factors 0
Troponin T > 42 ng/L 2
15-42 ng/L 1
<14 ng/L 0

RULE-OUT REQUIRES: HEART Score <3 points

*Risk factors = family history of premature CAD, hypercholesterolemia, diabetes mellitus, hypertension and current or
recent (<30 days) smoker
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Supplement Table 2 HEART 0-hour/1-hour Pathway

History Highly suspicious 2
Moderately suspicious 1
Slightly or nonsuspicious 0
ECG Acute ischemia 2
LBBB, RBBB, LVH, PM 1
No signs of acute ischemia 0
Age > 65 years 2
45 — 65 years 1
<45 years 0
Risk factors* > 3 risk factors, or history of 2

atherosclerotic disease

1 or 2 risk factors 1
No known risk factors 0
Troponin T > 42 ng/L 2
15-42 ng/L 1
<14 ng/L 0

HEART Score <3 points
And

RULE-OUT REQUIRES: 0h hs-cTnT < 5 ng/L,
Or

Oh hs-cTnT <12 ng/L with a 1h
increase <3 ng/ L

*Risk factors = family history of premature CAD, hypercholesterolemia, diabetes mellitus, hypertension and current or
recent (<30 days) smoker
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Supplement Table 3 EDACS 0-hour/1-hour ADP

Male sex

Age

18-45
46-50
51-55
56-60
61-65
66-70
71-75
76-80
81-86
86+

Aged 18-50 years and either

known CAD or 2 3 risk facrtors*

Symptoms and signs

Diaphoresis
Radiates to arm or shoulder
Pain worsened with inspiration

Pain is reproduced by palpation

RULE-OUT REQUIRES:

+6

+2
+4

+6

+8

+10
+12
+14
+16
+18
+20

+4

+3

+5

-4

-6

EDACS < 16 points
AND

No sign of acute ischemia on the
ECG

AND
Hs-cTnT<14ng/Lat0hand1h

*CAD defined as previous AMI, CABG or PCI; risk factors = family history of premature CAD, hypercholesterolemia,

diabetes mellitus, hypertension and current smoker
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Supplement Table 4 ICD-10 codes used to define complications in study Ill and IV

International Classification of Diseases, 10th Revision (ICD-10) codes

146.9
146.0
146.1
R96.0
R96.1

R98; R98.9
R99; R99.9
R57.0

147; 147.2
149.0

144.1; 144.2
144.1B
144.1

J81.9

123.0

123.5

123.1

123.2

123.3

123.4

123.6

123.8

Cardiac arrest, unspecified
Cardiac arrest with successful CPR
Sudden cardiac death

Instant death

Death within 24 hours of onset of symptoms that cannot be explained in any

other way

Unwitnessed death

Other incompletely defined and unspecified causes of death
Cardiogenic shock

Paroxysmal ventricular tachycardia

Ventricular fibrillation and ventricular flutter

Atrioventricular block, total

AV block grade 1l/M&bitz type Il

Atrioventricular block, second degree

Pulmonary edema

Hemopericardium as a complication of acute myocardial infarction
Rupture of papillary muscle as a complication of acute myocardial infarction
Atrial septal defect as a complication of acute myocardial infarction

Ventricular septal defect as a complication of acute myocardial infarction

Rupture of the heart wall without hemopericardium as a complication of acute

myocardial infarction

Rupture of the chordae tendineae as a complication of acute myocardial

infarction

Thrombosis in the atrium, auricle or chamber as a complication of an acute

heart attack

Other specified complications of acute myocardial infarction
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Supplement Table 5 Swedish Intervention (KVA) codes used to define complications in study lll
and IV

Swedish healthcare intervention codes (KVA)

DF005 Insertion of intra-aortic balloon pump

DF012 Chest compressions

DF013 External, transthoracic pacing

DF017 Mechanical chest compression, no manuell compressions (LUCAS)

DF025 Electrocardioversion/defibrillation of ventricular arrhythmia

DF028 Cardio-pulmonary resuscitation (CPR)

FNA, FNB, FNC, FND, Revascularisation (PCl, CABG)

FNE, FNF, FNG

FPEOO Insertion of transvenous pacemaker with ventricular electrode

FPE10 Insertion of transvenous pacemaker with atrial electrode

FPE20 Insertion of transvenous pacemaker with atrial and ventricular
electrode

FPE26 Insertion of transvenous pacemaker with biventricular electrode

TFPOO Temporary use of transvenous or epicardial pacemaker

ZXG40 Insertion of a transvenous pacemaker

DG017 & DG018 Tracheal intubation

DG001 Initiation of emergency treatment with airway counterpressure CPAP
or BilevelPAP

FEA00 Closed external drainage of the pericardium

FEB10 Decompression and drainage of the pericardium

82



References

10.

Stepinska J, Lettino M, Ahrens I, Bueno H, Garcia-Castrillo L, Khoury A, Lancellotti
P, Mueller C, Muenzel T, Oleksiak A et al: Diagnosis and risk stratification of
chest pain patients in the emergency department: focus on acute coronary
syndromes. A position paper of the Acute Cardiovascular Care Association.
European Heart Journal: Acute Cardiovascular Care 2020, 9(1):76-89.

Davies MJ: The pathophysiology of acute coronary syndromes. Heart 2000,
83(3):361.

Lee TH, Goldman L: Evaluation of the patient with acute chest pain. N Engl J
Med 2000, 342(16):1187-1195.

Fanaroff AC, Rymer JA, Goldstein SA, Simel DL, Newby LK: Does This Patient
With Chest Pain Have Acute Coronary Syndrome?: The Rational Clinical
Examination Systematic Review. Jama 2015, 314(18):1955-1965.

Byrne RA, Rossello X, Coughlan JJ, Barbato E, Berry C, Chieffo A, Claeys MJ, Dan
G-A, Dweck MR, Galbraith M et al: 2023 ESC Guidelines for the management of
acute coronary syndromes: Developed by the task force on the management of
acute coronary syndromes of the European Society of Cardiology (ESC).
European Heart Journal 2023, 44(38):3720-3826.

Cullen L, Greenslade J, Merollini K, Graves N, Hammett CJ, Hawkins T, Than MP,
Brown AF, Huang CB, Panahi SE ef al: Cost and outcomes of assessing patients
with chest pain in an Australian emergency department. Med J Aust 2015,
202(8):427-432.

Mabhler SA, Lenoir KM, Wells BJ, Burke GL, Duncan PW, Case LD, Herrington
DM, Diaz-Garelli J-F, Futrell WM, Hiestand BC et al: Safely Identifying
Emergency Department Patients With Acute Chest Pain for Early Discharge.
Circulation 2018, 138(22):2456-2468.

Zhang CYK, Dou A, Pandya BU, Srinivasan S, Campbell C, Tang J, Shi W, Deb S,
Sud M, McNaughton CD ef al: Noninvasive Cardiac Testing and Cardiovascular
Outcomes for Low-Risk Chest Pain in the Emergency Department:

A Systematic Review and Meta-Analysis. CJC Open 2024, 6(10):1178-1188.
Ekelund U, Forberg JL: New methods for improved evaluation of patients with
suspected acute coronary syndrome in the emergency department. Emerg Med J
2007, 24(12):811-814.

Bjork J, Forberg JL, Ohlsson M, Edenbrandt L, Ohlin H, Ekelund U: A simple
statistical model for prediction of acute coronary syndrome in chest pain
patients in the emergency department. BMC Med Inform Decis Mak 2006, 6:28.

83



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

84

Kennedy RL, Burton AM, Fraser HS, McStay LN, Harrison RF: Early diagnosis of
acute myocardial infarction using clinical and electrocardiographic data at

presentation: derivation and evaluation of logistic regression models. Eur Heart
J 1996, 17(8):1181-1191.

van Diepen S, Lin M, Bakal JA, McAlister FA, Kaul P, Katz JN, Fordyce CB,
Southern DA, Graham MM, Wilton SB et al: Do stable non-ST-segment elevation
acute coronary syndromes require admission to coronary care units? 4m Heart J
2016, 175:184-192.

Arora S, Matsushita K, Qamar A, Stacey RB, Caughey MC: Early versus late
percutaneous revascularization in patients hospitalized with non ST-segment
elevation myocardial infarction: The atherosclerosis risk in communities
surveillance study. Catheter Cardiovasc Interv 2018, 91(2):253-259.

Hoedemaker Niels PG, Damman P, Woudstra P, Hirsch A, Windhausen F, Tijssen
Jan GP, de Winter Robbert J, null n: Early Invasive Versus Selective Strategy
for Non—ST-Segment Elevation Acute Coronary Syndrome. Journal of the
American College of Cardiology 2017, 69(15):1883-1893.

Fox Keith AA, Clayton Tim C, Damman P, Pocock Stuart J, de Winter Robbert J,
Tijssen Jan GP, Lagerqvist B, Wallentin L, null n: Long-Term Outcome of a
Routine Versus Selective Invasive Strategy in Patients With Non—-ST-Segment
Elevation Acute Coronary Syndrome. Journal of the American College of
Cardiology 2010, 55(22):2435-2445.

Rout A, Moumneh MB, Kalra K, Singh S, Garg A, Kunadian V, Biscaglia S,
Alkhouli MA, Rymer JA, Batchelor WB et al: Invasive Versus Conservative
Strategy in Older Adults >75 Years of Age With Non—ST-segment—Elevation
Acute Coronary Syndrome: A Systematic Review and Meta-Analysis of
Randomized Controlled Trials. Journal of the American Heart Association 2024,
13(21):e036151.

Berg ES, Tegn NK, Abdelnoor M, Reysland K, Ryalen PC, Aaberge L, Eek C, Qie
E, Juliebe V, Gjertsen E ef al: Long-Term Outcomes of Invasive vs Conservative
Strategies for Older Patients With Non—ST-Segment Elevation Acute Coronary
Syndromes. Journal of the American College of Cardiology 2023, 82(21):2021-
2030.

Kunadian V, Mossop H, Shields C, Bardgett M, Watts P, Teare MD, Pritchard J,
Adams-Hall J, Runnett C, Ripley DP ef al: Invasive Treatment Strategy for Older
Patients with Myocardial Infarction. New England Journal of Medicine 2024,
391(18):1673-1684.

Sanchis J, Bueno H, Mifiana G, Guerrero C, Marti D, Martinez-Sellés M,
Dominguez-Pérez L, Diez-Villanueva P, Barrabés JA, Marin F et al: Effect of
Routine Invasive vs Conservative Strategy in Older Adults With Frailty and
Non-ST-Segment Elevation Acute Myocardial Infarction: A Randomized
Clinical Trial. JAMA Internal Medicine 2023.

Gonzalez Ferrero T, Alvarez Alvarez BAA, Cacho Antonio CCA, Perez Dominguez
MPD, Abou Jokh CAJC, Rigueiro Veloso PRV, Agra Bermejo RAB, Garcia Acuna
JMGA, Gonzalez Juanatey JRGJ: Early revascularization in elderly with nstemi.
European Heart Journal 2020, 41(Supplement_2).



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.
34.

Karlson BW, Herlitz J, Hallgren P, Liljeqvist JA, Odén A, Hjalmarson A:
Emergency room prediction of mortality and severe complications in patients
with suspected acute myocardial infarction. Eur Heart J 1994, 15(11):1558-1565.

Organization WH: Working group on the establishment of ischemic heart disease
registers. Report of the fifth working group, Copenhagen. Report no Eur 1972,
8201(5).

Antman E, Bassand J-P, Klein W, Ohman M, Lopez Sendon JL, Rydén L, Simoons
M, Tendera M: Myocardial infarction redefined—a consensus document of the
Joint European Society of Cardiology/American College of Cardiology
committee for the redefinition of myocardial infarction: the Joint European
Society of Cardiology/American College of Cardiology Committee. Journal of the
American College of Cardiology 2000, 36(3):959-969.

Myocardial infarction redefined--a consensus document of The Joint European
Society of Cardiology/American College of Cardiology Committee for the
redefinition of myocardial infarction. Eur Heart J 2000, 21(18):1502-1513.

Libby P, Theroux P: Pathophysiology of coronary artery disease. Circulation
2005, 111(25):3481-3488.

Stary HC, Chandler AB, Dinsmore RE, Fuster V, Glagov S, Insull W, Rosenfeld ME,
Schwartz CJ, Wagner WD, Wissler RW: A Definition of Advanced Types of
Atherosclerotic Lesions and a Histological Classification of Atherosclerosis.
Circulation 1995, 92(5):1355-1374.

Libby P: Mechanisms of acute coronary syndromes and their implications for
therapy. N Engl J Med 2013, 368(21):2004-2013.

Thygesen K: ‘Ten Commandments’ for the Fourth Universal Definition of
Myocardial Infarction 2018. European Heart Journal 2019, 40(3):226-226.

Lindahl B, Mills NL: A new clinical classification of acute myocardial infarction.
Nat Med 2023, 29(9):2200-2205.

Swap CJ, Nagurney JT: Value and Limitations of Chest Pain History in the
Evaluation of Patients With Suspected Acute Coronary Syndromes. J4MA 2005,
294(20):2623-2629.

DeVon HA, Mirzaei S, Zégre-Hemsey J: Typical and Atypical Symptoms of Acute
Coronary Syndrome: Time to Retire the Terms? Journal of the American Heart
Association 2020, 9(7):e015539.

National Danish Emergency Process Triage (DEPT). Homepage with links to
the different triage criteria.

Widgren BR: RETTS: akutsjukvard direkt: Studentlitteratur; 2012.

Plesner LL, Iversen AK, Langkjer S, Nielsen TL, Ostervig R, Warming PE, Salam
IA, Kristensen M, Schou M, Eugen-Olsen J et al: The formation and design of the
TRIAGE study--baseline data on 6005 consecutive patients admitted to hospital
from the emergency department. Scand J Trauma Resusc Emerg Med 2015,
23:106.

85



35.

36.

37.

38.

39.

40.

41.

42.

43.

44

45.

46.

47.

86

Grande M, Bjernsen L, Naess L, Laugsand L, Grenne B: Observational study on
chest pain during the Covid-19 pandemic: changes and characteristics of visits
to a Norwegian emergency department during the lockdown. BMC Emergency
Medicine 2022, 22.

Zegre-Hemsey JK, Asafu-Adjei J, Fernandez A, Brice J: Characteristics of
Prehospital Electrocardiogram Use in North Carolina Using a Novel Linkage of
Emergency Medical Services and Emergency Department Data. Prehosp Emerg
Care 2019, 23(6):772-779.

Kumar A, Cannon CP: Acute coronary syndromes: diagnosis and management,
part I. Mayo Clin Proc 2009, 84(10):917-938.

Savonitto S, Ardissino D, Granger CB, Morando G, Prando MD, Mafrici A,
Cavallini C, Melandri G, Thompson TD, Vahanian A et al: Prognostic value of the
admission electrocardiogram in acute coronary syndromes. Jama 1999,
281(8):707-713.

Knowlman T, Greenslade JH, Parsonage W, Hawkins T, Ruane L, Martin P, Prasad
S, Lancini D, Cullen L: The Association of Electrocardiographic Abnormalities
and Acute Coronary Syndrome in Emergency Patients With Chest Pain. Acad
Emerg Med 2017, 24(3):344-352.

Conti CR: The early evaluation of patients with chest pain. Clin Cardiol 1998,
21(10):703-704.

Birnbaum Y, Wilson JM, Fiol M, de Luna AB, Eskola M, Nikus K: ECG diagnosis
and classification of acute coronary syndromes. Ann Noninvasive Electrocardiol
2014, 19(1):4-14.

Nikus K, Pahlm O, Wagner G, Birnbaum Y, Cinca J, Clemmensen P, Eskola M, Fiol
M, Goldwasser D, Gorgels A et al: Electrocardiographic classification of acute

coronary syndromes: a review by a committee of the International Society for
Holter and Non-Invasive Electrocardiology. J Electrocardiol 2010, 43(2):91-103.

Ginghina C, Ungureanu C, Vladaia A, Popescu BA, Jurcut R: The
electrocardiographic profile of patients with angina pectoris. J Med Life 2009,
2(1):80-91.

Schldpfer J, Wellens HJ: Computer-Interpreted Electrocardiograms: Benefits
and Limitations. Journal of the American College of Cardiology 2017, 70(9):1183-
1192.

Al-Zaiti S, Besomi L, Bouzid Z, Faramand Z, Frisch S, Martin-Gill C, Gregg R, Saba
S, Callaway C, Sejdi¢ E: Machine learning-based prediction of acute coronary
syndrome using only the pre-hospital 12-lead electrocardiogram. Nature
Communications 2020, 11(1):3966.

Coudrey L: The Troponins. Archives of Internal Medicine 1998, 158(11):1173-
1180.

Kehl DW, Igbal N, Fard A, Kipper BA, De La Parra Landa A, Maisel AS:

Biomarkers in acute myocardial injury. Translational Research 2012, 159(4):252-
264.



48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Alpert JS, Thygesen K, Antman E, Bassand JP: Myocardial infarction redefined--a
consensus document of The Joint European Society of Cardiology/American
College of Cardiology Committee for the redefinition of myocardial infarction. J
Am Coll Cardiol 2000, 36(3):959-969.

Eriksson D, Khoshnood A, Larsson D, Lundager-Forberg J, Mokhtari A, Ekelund U:
Diagnostic Accuracy of History and Physical Examination for Predicting Major
Adverse Cardiac Events Within 30 Days in Patients With Acute Chest Pain. J
Emerg Med 2019.

Babuin L, Jaffe AS: Troponin: the biomarker of choice for the detection of
cardiac injury. Cmaj 2005, 173(10):1191-1202.

Body R, Carley S, McDowell G, Jaffe AS, France M, Cruickshank K, Wibberley C,
Nuttall M, Mackway-Jones K: Rapid exclusion of acute myocardial infarction in
patients with undetectable troponin using a high-sensitivity assay. J Am Coll
Cardiol 2011, 58(13):1332-1339.

Mabhajan VS, Jarolim P: How to Interpret Elevated Cardiac Troponin Levels.
Circulation 2011, 124(21):2350-2354.

Than M, Cullen L, Reid CM, Lim SH, Aldous S, Ardagh MW, Peacock WF,
Parsonage WA, Ho HF, Ko HF et al: A 2-h diagnostic protocol to assess patients
with chest pain symptoms in the Asia-Pacific region (ASPECT): a prospective
observational validation study. Lancer 2011, 377(9771):1077-1084.

Shah AS, Anand A, Sandoval Y, Lee KK, Smith SW, Adamson PD, Chapman AR,
Langdon T, Sandeman D, Vaswani A et al: High-sensitivity cardiac troponin I at
presentation in patients with suspected acute coronary syndrome: a cohort
study. Lancet 2015, 386(10012):2481-2488.

Sandoval Y, Apple FS, Mahler SA, Body R, Collinson PO, Jaffe AS, on behalf of the
International Federation of Clinical C, Laboratory Medicine Committee on the
Clinical Application of Cardiac B: High-Sensitivity Cardiac Troponin and the
2021 AHA/ACC/ASE/CHEST/SAEM/SCCT/SCMR Guidelines for the
Evaluation and Diagnosis of Acute Chest Pain. Circulation 2022, 146(7):569-581.

Mokhtari A, Khoshnood A, Lundager Forberg J, Hard af Segerstad C, Ekstrom U,
Schyman T, Akbarzadeh M, Lindahl B, Ekelund U: Effectiveness and Safety of the
European Society of Cardiology 0-/1-h Troponin Rule-Out Protocol: The Design
of the ESC-TROP Multicenter Implementation Study. Cardiology 2020.
McCullough PA, Nowak RM, Foreback C, Tokarski G, Tomlanovich MC, Khoury
NE, Weaver WD, Sandberg KR, McCord J: Performance of multiple cardiac
biomarkers measured in the emergency department in patients with chronic
kidney disease and chest pain. Acad Emerg Med 2002, 9(12):1389-1396.

Aviles RJ, Askari AT, Lindahl B, Wallentin L, Jia G, Ohman EM, Mahaffey KW,
Newby LK, Califf RM, Simoons ML ef a/: Troponin T levels in patients with

acute coronary syndromes, with or without renal dysfunction. N Engl J Med
2002, 346(26):2047-2052.

87



59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

88

Mokhtari A, Forberg JL, Sandgren J, Hard af Segerstad C, Ellehuus C, Ekstrom U,
Bjork J, Lindahl B, Khoshnood A, Ekelund U: Effectiveness and Safety of the
ESC-TROP (European Society of Cardiology 0h/1h Troponin Rule-Out
Protocol) Trial. Journal of the American Heart Association 2024, 13(21):e036307.

Mokhtari A, Lindahl B, Schiopu A, Yndigegn T, Khoshnood A, Gilje P, Ekelund U:
A 0-Hour/1-Hour Protocol for Safe, Early Discharge of Chest Pain Patients.
Acad Emerg Med 2017, 24(8):983-992.

Pickering JW, Than MP, Cullen L, Aldous S, Ter Avest E, Body R, Carlton EW,
Collinson P, Dupuy AM, Ekelund U et al: Rapid Rule-out of Acute Myocardial
Infarction With a Single High-Sensitivity Cardiac Troponin T Measurement
Below the Limit of Detection: A Collaborative Meta-analysis. Ann Intern Med
2017, 166(10):715-724.

Neumann JT, Twerenbold R, Ojeda F, Sérensen NA, Chapman AR, Shah ASV,
Anand A, Boeddinghaus J, Nestelberger T, Badertscher P et al: Application of
High-Sensitivity Troponin in Suspected Myocardial Infarction. N Engl J Med
2019, 380(26):2529-2540.

Carlton EW, Pickering JW, Greenslade J, Cullen L, Than M, Kendall J, Body R,
Parsonage WA, Khattab A, Greaves K: Assessment of the 2016 National Institute
for Health and Care Excellence high-sensitivity troponin rule-out strategy.
Heart 2018, 104(8):665.

Chapman AR, Anand A, Boeddinghaus J, Ferry AV, Sandeman D, Adamson PD,
Andrews J, Tan S, Cheng SF, D'Souza M et al: Comparison of the Efficacy and
Safety of Early Rule-Out Pathways for Acute Myocardial Infarction. Circulation
2017, 135(17):1586-1596.

Pickering JW, Joyce LR, Florkowski CM, Buchan V, Hamill L, Than MP:
Emergency department use of a high-sensitivity point-of-care troponin assay
reduces length of stay: an implementation study preliminary report. European
Heart Journal Acute Cardiovascular Care 2024, 13(12):838-842.

Bueno H, Fernandez-Avilés F: Use of risk scores in acute coronary syndromes.
Heart 2012, 98(2):162-168.

Moons KG, Kengne AP, Woodward M, Royston P, Vergouwe Y, Altman DG,
Grobbee DE: Risk prediction models: I. Development, internal validation, and
assessing the incremental value of a new (bio)marker. Heart 2012, 98(9):683-690.

Meier M, Boeddinghaus J, Nestelberger T, Koechlin L, Lopez-Ayala P, Wussler D,
Walter JE, Zimmermann T, Badertscher P, Wildi K ef a/: Comparing the utility of
clinical risk scores and integrated clinical judgement in patients with suspected

acute coronary syndrome. European Heart Journal Acute Cardiovascular Care
2023, 12(10):693-702.

O'Rielly CM, Harrison TG, Andruchow JE, Ronksley PE, Sajobi T, Robertson HL,
Lorenzetti D, McRae AD: Risk Scores for Clinical Risk Stratification of

Emergency Department Patients With Chest Pain but No Acute Myocardial
Infarction: A Systematic Review. Can J Cardiol 2023, 39(3):304-310.



70.

71.

72.

73.

74.

75.

76.

77.

78.

D'Ascenzo F, Biondi-Zoccai G, Moretti C, Bollati M, Omedé¢ P, Sciuto F, Presutti
DG, Modena MG, Gasparini M, Reed MJ et al: TIMI, GRACE and alternative
risk scores in Acute Coronary Syndromes: a meta-analysis of 40 derivation
studies on 216,552 patients and of 42 validation studies on 31,625 patients.
Contemp Clin Trials 2012, 33(3):507-514.

Morrow DA, Antman EM, Charlesworth A, Cairns R, Murphy SA, de Lemos JA,
Giugliano RP, McCabe CH, Braunwald E: TIMI risk score for ST-elevation
myocardial infarction: A convenient, bedside, clinical score for risk assessment
at presentation: An intravenous nPA for treatment of infarcting myocardium
early II trial substudy. Circulation 2000, 102(17):2031-2037.

Ke J, chen Y, Wang X, Wu Z, Chen F: Indirect comparison of TIMI, HEART and
GRACE for predicting major cardiovascular events in patients admitted to the
emergency department with acute chest pain: a systematic review and meta-
analysis. BMJ Open 2021, 11(8):e048356.

Yalcin Ocak N, Yesilaras M, Kilicaslan B, Eyler Y, Mutlu I, Kutlu M: Comparing
TIMI, HEART, and GRACE Risk Scores to Predict Angiographic Severity of
Coronary Artery Disease and 30-Day Major Adverse Cardiac Events in
Emergency Department Patients with NSTEACS. Prehospital and Disaster
Medicine 2023, 38(6):740-748.

Fox KA, Fitzgerald G, Puymirat E, Huang W, Carruthers K, Simon T, Coste P,
Monsegu J, Gabriel Steg P, Danchin N et a/: Should patients with acute coronary
disease be stratified for management according to their risk? Derivation,
external validation and outcomes using the updated GRACE risk score. BM.J
Open 2014, 4(2):e004425.

Visser A, Wolthuis A, Breedveld R, ter Avest E: HEART score and clinical gestalt
have similar diagnostic accuracy for diagnosing ACS in an unselected
population of patients with chest pain presenting in the ED. Emerg Med J 2015,
32(8):595-600.

Antman EM, Cohen M, Bernink PJ, McCabe CH, Horacek T, Papuchis G, Mautner
B, Corbalan R, Radley D, Braunwald E: The TIMI risk score for unstable
angina/non-ST elevation MI: A method for prognostication and therapeutic
decision making. Jama 2000, 284(7):835-842.

Wiviott SD, Morrow DA, Frederick PD, Antman EM, Braunwald E: Application of
the Thrombolysis In Myocardial Infarction Risk Index in Non—-ST-Segment
Elevation Myocardial Infarction: Evaluation of Patients in the National
Registry of Myocardial Infarction. Journal of the American College of Cardiology
20006, 47(8):1553-1558.

Soiza RL, Leslie SJ, Williamson P, Wai S, Harrild K, Peden NR, Hargreaves AD:
Risk stratification in acute coronary syndromes--does the TIMI risk score work
in unselected cases? Ojm 2006, 99(2):81-87.

&9



79.

80.

81.

82.

83.

84.

85.

86.

&7.

88.

90

Mega JL, Morrow DA, Sabatine MS, Zhao XQ, Snapinn SM, DiBattiste PM, Gibson
CM, Antman EM, Braunwald E, Théroux P: Correlation between the TIMI risk
score and high-risk angiographic findings in non-ST-elevation acute coronary
syndromes: observations from the Platelet Receptor Inhibition in Ischemic
Syndrome Management in Patients Limited by Unstable Signs and Symptoms
(PRISM-PLUS) trial. Am Heart J 2005, 149(5):846-850.

Backus BE, Six AJ, Kelder JC, Bosschaert MA, Mast EG, Mosterd A, Veldkamp RF,
Wardeh AJ, Tio R, Braam R ef al: A prospective validation of the HEART score
for chest pain patients at the emergency department. /n¢ J Cardiol 2013,
168(3):2153-2158.

Mahler SA, Hiestand BC, Goff DC, Jr., Hoekstra JW, Miller CD: Can the HEART
score safely reduce stress testing and cardiac imaging in patients at low risk for
major adverse cardiac events? Crit Pathw Cardiol 2011, 10(3):128-133.

Mabhler SA, Miller CD, Hollander JE, Nagurney JT, Birkhahn R, Singer AJ, Shapiro
NI, Glynn T, Nowak R, Safdar B et a/: Identifying patients for early discharge:
performance of decision rules among patients with acute chest pain. /nt J
Cardiol 2013, 168(2):795-802.

Granger CB, Goldberg RJ, Dabbous O, Pieper KS, Eagle KA, Cannon CP, Van De
Werf F, Avezum A, Goodman SG, Flather MD ef al: Predictors of hospital
mortality in the global registry of acute coronary events. Arch Intern Med 2003,
163(19):2345-2353.

Roffi M, Patrono C, Collet JP, Mueller C, Valgimigli M, Andreotti F, Bax JJ, Borger
MA, Brotons C, Chew DP 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 J 2016, 37(3):267-315.

Martha JW, Sihite TA, Listina D: The Difference in Accuracy Between Global
Registry of Acute Coronary Events Score and Thrombolysis in Myocardial
Infarction Score in Predicting In-Hospital Mortality of Acute ST-Elevation
Myocardial Infarction Patients. Cardiol Res 2021, 12(3):177-185.

Poldervaart JM, Langedijk M, Backus BE, Dekker IMC, Six AJ, Doevendans PA,
Hoes AW, Reitsma JB: Comparison of the GRACE, HEART and TIMI score to
predict major adverse cardiac events in chest pain patients at the emergency
department. International Journal of Cardiology 2017, 227:656-661.

Niels MRvdS, Jaouad A, Dean RPPCPY, Joyce P, Senna R, Ronald JW, Melvyn
Tjon Joe G, Deborah MN, Jorina L, Georgios JV ef al: External validation of the
GRACE risk score and the riskd  treatment paradox in patients with acute
coronary syndrome. Open Heart 2022, 9(1):e001984.

Brieger D, Fox KA, Fitzgerald G, Eagle KA, Budaj A, Avezum A, Granger CB,
Costa B, Anderson FA, Jr., Steg PG: Predicting freedom from clinical events in

non-ST-elevation acute coronary syndromes: the Global Registry of Acute
Coronary Events. Heart 2009, 95(11):888-894.



89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

Kelly A-M, Klim S, Soon K: External validation of the GRACE Freedom from
Events score in an emergency department &#x2018;rule out ACS&#x2019;
chest pain cohort. International Journal of Cardiology 2015, 179:358-359.

Kelly AM, Dabee P, Klim S, Soon K: External validation of the GRACE Freedom
from Events score. Heart Lung Circ 2012, 21(9):582-585.

Boyle RSJ, Body R: The Diagnostic Accuracy of the Emergency Department
Assessment of Chest Pain (EDACS) Score: A Systematic Review and Meta-
analysis. Annals of Emergency Medicine 2021, 77(4):433-441.

Than MP, Pickering JW, Dryden JM, Lord SJ, Aitken SA, Aldous SJ, Allan KE,
Ardagh MW, Bonning JWN, Callender R ef al: ICare-ACS (Improving Care
Processes for Patients With Suspected Acute Coronary Syndrome): A Study of
Cross-System Implementation of a National Clinical Pathway. Circulation 2018,
137(4):354-363.

Fanaroff AC, Chen AY, Thomas LE, Pieper KS, Garratt KN, Peterson ED, Newby
LK, de Lemos JA, Kosiborod MN, Amsterdam EA et al: Risk Score to Predict
Need for Intensive Care in Initially Hemodynamically Stable Adults With Non-
ST-Segment-Elevation Myocardial Infarction. J Am Heart Assoc 2018, 7(11).

Fang C, Chen Z, Zhang J, Jin X, Yang M: Association of CHA2DS2-VASC Score
with in-Hospital Cardiovascular Adverse Events in Patients with Acute ST-
Segment Elevation Myocardial Infarction. /nt J Clin Pract 2022, 2022:3659381.

Tasolar H, Cetin M, Balli M, Bayramoglu A, Otlu Y, Tiirkmen S, Aktiirk E:
CHA2DS2-VASc-HS score in non-ST elevation acute coronary syndrome
patients: assessment of coronary artery disease severity and complexity and
comparison to other scoring systems in the prediction of in-hospital major
adverse cardiovascular events. Anatol J Cardiol 2016, 16(10):742-748.

DeVon HA, Hogan N, Ochs AL, Shapiro M: Time to treatment for acute coronary
syndromes: the cost of indecision. J Cardiovasc Nurs 2010, 25(2):106-114.

Thiele H, Akin I, Sandri M, Fuernau G, de Waha S, Meyer-Saraei R, Nordbeck P,
Geisler T, Landmesser U, Skurk C et al: PCI Strategies in Patients with Acute
Myocardial Infarction and Cardiogenic Shock. N Engl J Med 2017, 377(25):2419-
2432.

Harjola VP, Parissis J, Bauersachs J, Brunner-La Rocca HP, Bueno H, Celutkiené J,
Chioncel O, Coats AJS, Collins SP, de Boer RA et al: Acute coronary syndromes
and acute heart failure: a diagnostic dilemma and high-risk combination. A
statement from the Acute Heart Failure Committee of the Heart Failure
Association of the European Society of Cardiology. Eur J Heart Fail 2020,
22(8):1298-1314.

Finegold JA, Asaria P, Francis DP: Mortality from ischaemic heart disease by

country, region, and age: statistics from World Health Organisation and United
Nations. Int J Cardiol 2013, 168(2):934-945.

Martin SS, Aday AW, Almarzooq ZI, Anderson CAM, Arora P, Avery CL, Baker-
Smith CM, Barone Gibbs B, Beaton AZ, Boechme AK et al: 2024 Heart Disease and
Stroke Statistics: A Report of US and Global Data From the American Heart
Association. Circulation 2024, 149(8):e347-¢913.

91



101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

92

Pocock S, Bueno H, Licour M, Medina J, Zhang L, Annemans L, Danchin N, Huo Y,
Van de Werf F: Predictors of one-year mortality at hospital discharge after acute
coronary syndromes: A new risk score from the EPICOR (long-tErm follow uP
of antithrombotic management patterns In acute CORonary syndrome patients)
study. European Heart Journal Acute Cardiovascular Care 2015, 4(6):509-517.

Jensen MT, Pereira M, Araujo C, Malmivaara A, Ferrieres J, Degano IR, Kirchberger
I, Farmakis D, Garel P, Torre M ef al: Heart rate at admission is a predictor of in-
hospital mortality in patients with acute coronary syndromes: Results from 58
European hospitals: The European Hospital Benchmarking by Outcomes in
acute coronary syndrome Processes study. Eur Heart J Acute Cardiovasc Care
2018, 7(2):149-157.

Gupta AK, Mustafiz C, Mutahar D, Zaka A, Parvez R, Mridha N, Stretton B, Kovoor
JG, Bacchi S, Ramponi F ef al: Machine-learning versus traditional approaches
to predict all-cause mortality for acute coronary syndrome: a systematic review
and meta-analysis. Canadian Journal of Cardiology.

Zaka A, Gupta AK, Mustafiz C, Mutahar D, Parvez R, Stretton B, Kovoor JG,
Mridha N, Bacchi S: Machine Learning for Prediction of All-Cause Mortality in
Acute Coronary Syndrome. Heart, Lung and Circulation 2024, 33:S388.

Karam N, Bataille S, Marijon E, Tafflet M, Benamer H, Caussin C, Garot P, Juliard
IM, Pires V, Boche T ef al: Incidence, Mortality, and Outcome-Predictors of
Sudden Cardiac Arrest Complicating Myocardial Infarction Prior to Hospital
Admission. Circ Cardiovasc Interv 2019, 12(1):e007081.

Prasada S, Rossi JS, Stouffer GA: A Deadly Combination: Cardiac Arrest and
Cardiogenic Shock in Acute Coronary Syndrome. American Journal of
Cardiology 2023, 204:413-414.

Vallabhajosyula S, Verghese D, Henry TD, Katz JN, Nicholson WJ, Jaber WA,
Jentzer JC: Contemporary Management of Concomitant Cardiac Arrest and
Cardiogenic Shock Complicating Myocardial Infarction. Mayo Clinic
Proceedings 2022, 97(12):2333-2354.

Paratz ED, van Heusden A, Smith K, Brennan A, Dinh D, Ball J, Lefkovits J, Kaye
DM, Nicholls SJ, Pflaumer A et al: Factors predicting cardiac arrest in acute
coronary syndrome patients under 50: A state-wide angiographic and forensic
evaluation of outcomes. Resuscitation 2022, 179:124-130.

Juntunen S, Holmstrém L, Vidhétalo J, Méantyniemi L, Tikkanen J, Pakanen L,
Kaikkonen K, Perkiomaéki J, Huikuri H, Junttila J: The burden of sudden cardiac
arrest in the setting of acute coronary syndrome. Resuscitation 2024, 202:110297.
Gong W, Yan Y, Wang X, Zheng W, Smith SC, Fonarow GC, Morgan L, Liu J,
Zhao D, Ma C et al: Risk Factors for In-Hospital Cardiac Arrest in Patients
With ST-Segment Elevation Myocardial Infarction. Journal of the American
College of Cardiology 2022, 80(19):1788-1798.

Awad HH, Anderson FA, Gore JM, Goodman SG, Goldberg RJ: Cardiogenic shock
complicating acute coronary syndromes: Insights from the Global Registry of
Acute Coronary Events. American Heart Journal 2012, 163(6):963-971.



112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

Goldberg RJ, Spencer FA, Gore JM, Lessard D, Yarzebski J: Thirty-year trends
(1975 to 2005) in the magnitude of, management of, and hospital death rates
associated with cardiogenic shock in patients with acute myocardial infarction:
a population-based perspective. Circulation 2009, 119(9):1211-1219.

Wackers FJ, Lie KI, Becker AE, Durrer D, Wellens HJ: Coronary artery disease in
patients dying from cardiogenic shock or congestive heart failure in the setting
of acute myocardial infarction. Br Heart J 1976, 38(9):906-910.

Samsky MD, Morrow DA, Proudfoot AG, Hochman JS, Thiele H, Rao SV:
Cardiogenic Shock After Acute Myocardial Infarction: A Review. Jama 2021,
326(18):1840-1850.

Diepen Sv, Katz JN, Albert NM, Henry TD, Jacobs AK, Kapur NK, Kilic A, Menon
V, Ohman EM, Sweitzer NK et al: Contemporary Management of Cardiogenic
Shock: A Scientific Statement From the American Heart Association.
Circulation 2017, 136(16):¢232-¢268.

Steg PG, Dabbous OH, Feldman LJ, Cohen-Solal A, Aumont MC, Lopez-Sendon J,
Budaj A, Goldberg RJ, Klein W, Anderson FA, Jr.: Determinants and prognostic
impact of heart failure complicating acute coronary syndromes: observations
from the Global Registry of Acute Coronary Events (GRACE). Circulation 2004,
109(4):494-499.

Bohula EA, Katz JN, van Diepen S, Alviar CL, Baird-Zars VM, Park JG, Barnett CF,
Bhattal G, Barsness GW, Burke JA et al: Demographics, Care Patterns, and
Outcomes of Patients Admitted to Cardiac Intensive Care Units: The Critical
Care Cardiology Trials Network Prospective North American Multicenter
Registry of Cardiac Critical Illness. JAMA Cardiol 2019, 4(9):928-935.

Gorenek B, Blomstrom Lundqvist C, Brugada Terradellas J, Camm AJ, Hindricks G,
Huber K, Kirchhof P, Kuck KH, Kudaiberdieva G, Lin T ef al: Cardiac
arrhythmias in acute coronary syndromes: position paper from the joint EHRA,
ACCA, and EAPCI task force. Furopace 2014, 16(11):1655-1673.

Piccini JP, White JA, Mehta RH, Lokhnygina Y, Al-Khatib SM, Tricoci P, Pollack
CV, Jr., Montalescot G, Van de Werf F, Gibson CM et al: Sustained ventricular
tachycardia and ventricular fibrillation complicating non-ST-segment-elevation
acute coronary syndromes. Circulation 2012, 126(1):41-49.

Gupta S, Pressman GS, Figueredo VM: Incidence of, predictors for, and mortality
associated with malignant ventricular arrhythmias in non-ST elevation
myocardial infarction patients. Coron Artery Dis 2010, 21(8):460-465.

Kalarus Z, Svendsen JH, Capodanno D, Dan G-A, De Maria E, Gorenek B,
Jedrzejczyk-Patej E, Mazurek M, Podolecki T, Sticherling C et al: Cardiac
arrhythmias in the emergency settings of acute coronary syndrome and
revascularization: an European Heart Rhythm Association (EHRA) consensus
document, endorsed by the European Association of Percutaneous
Cardiovascular Interventions (EAPCI), and European Acute Cardiovascular
Care Association (ACCA). EP Europace 2019, 21(10):1603-1604.

93



122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

94

Demidova MM, Carlson J, Erlinge D, Platonov PG: Predictors of ventricular
fibrillation at reperfusion in patients with acute ST-elevation myocardial
infarction treated by primary percutaneous coronary intervention. Am J Cardiol
2015, 115(4):417-422.

Kosmidou I, Embacher M, McAndrew T, Dizon JM, Mehran R, Ben-Yehuda O,
Mintz GS, Stone GW: Early Ventricular Tachycardia or Fibrillation in Patients
With ST Elevation Myocardial Infarction Undergoing Primary Percutaneous
Coronary Intervention and Impact on Mortality and Stent Thrombosis (from
the Harmonizing Outcomes with Revascularization and Stents in Acute
Myocardial Infarction Trial). Am J Cardiol 2017, 120(10):1755-1760.

Nguyen HL, Lessard D, Spencer FA, Yarzebski J, Zevallos JC, Gore JM, Goldberg
RJ: Thirty-year trends (1975-2005) in the magnitude and hospital death rates
associated with complete heart block in patients with acute myocardial
infarction: a population-based perspective. 4m Heart J 2008, 156(2):227-233.

Singh SM, FitzGerald G, Yan AT, Brieger D, Fox KAA, Lopez-Sendon J, Yan RT,
Eagle KA, Steg PG, Budaj A et al: High-grade atrioventricular block in acute
coronary syndromes: insights from the Global Registry of Acute Coronary
Events. Furopean Heart Journal 2014, 36(16):976-983.

Harikrishnan P, Gupta T, Palaniswamy C, Kolte D, Khera S, Mujib M, Aronow WS,
Ahn C, Sule S, Jain D et al: Complete Heart Block Complicating ST-Segment
Elevation Myocardial Infarction. JACC: Clinical Electrophysiology 2015,
1(6):529-538.

Santos H, Santos M, Almeida I, Paula SB, Chin J, Almeida S, Almeida L: High-
grade atrioventricular block in acute coronary syndrome: Portuguese
experience. Journal of Electrocardiology 2021, 68:130-134.

Goldberg RJ, Spencer FA, Yarzebski J, Lessard D, Gore JM, Alpert JS, Dalen JE: A
25-year perspective into the changing landscape of patients hospitalized with
acute myocardial infarction (the Worcester Heart Attack Study). Am J Cardiol
2004, 94(11):1373-1378.

Elbadawi A, Elgendy 1Y, Mahmoud K, Barakat AF, Mentias A, Mohamed AH,
Ogunbayo GO, Megaly M, Saad M, Omer MA et al: Temporal Trends and
Outcomes of Mechanical Complications in Patients With Acute Myocardial
Infarction. JACC Cardiovasc Interv 2019, 12(18):1825-1836.

Sanmartin-Fernandez M, Raposeiras-Roubin S, Anguita-Sanchez M, Marin F,
Garcia-Marquez M, Fernadndez-Pérez C, Bernal-Sobrino JL, Elola-Somoza FJ, Bueno
H, Cequier A: In-hospital outcomes of mechanical complications in acute
myocardial infarction: Analysis from a nationwide Spanish database. Cardiol J
2021, 28(4):589-597.

Gong FF, Vaitenas I, Malaisrie SC, Maganti K: Mechanical Complications of
Acute Myocardial Infarction: A Review. JAMA Cardiol 2021, 6(3):341-349.

Puerto E, Viana-Tejedor A, Martinez-Sellés M, Dominguez-Pérez L, Moreno G,
Martin-Asenjo R, Bueno H: Temporal Trends in Mechanical Complications of
Acute Myocardial Infarction in the Elderly. J Am Coll Cardiol 2018, 72(9):959-
966.



133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

French JK, Hellkamp AS, Armstrong PW, Cohen E, Kleiman NS, O'Connor CM,
Holmes DR, Hochman JS, Granger CB, Mahaffey KW: Mechanical complications
after percutaneous coronary intervention in ST-elevation myocardial infarction
(from APEX-AMI). Am J Cardiol 2010, 105(1):59-63.

Moreyra AE, Huang MS, Wilson AC, Deng Y, Cosgrove NM, Kostis JB: Trends in
incidence and mortality rates of ventricular septal rupture during acute
myocardial infarction. Am J Cardiol 2010, 106(8):1095-1100.

Damluji AA, van Diepen S, Katz JN, Menon V, Tamis-Holland JE, Bakitas M,
Cohen MG, Balsam LB, Chikwe J, on behalf of the American Heart Association
Council on Clinical C et al: Mechanical Complications of Acute Myocardial
Infarction: A Scientific Statement From the American Heart Association.
Circulation 2021, 144(2):¢16-¢35.

Mokhtari A, Borna C, Gilje P, Tydén P, Lindahl B, Nilsson HJ, Khoshnood A, Bjork
J, Ekelund U: A 1-h Combination Algorithm Allows Fast Rule-Out and Rule-In
of Major Adverse Cardiac Events. J Am Coll Cardiol 2016, 67(13):1531-1540.

Jernberg T, Attebring MF, Hambraeus K, Ivert T, James S, Jeppsson A, Lagerqvist
B, Lindahl B, Stenestrand U, Wallentin L: The Swedish Web-system for
enhancement and development of evidence-based care in heart disease
evaluated according to recommended therapies SWEDEHEART). Heart 2010,
96(20):1617-1621.

The Swedish Emergency Care Register https://www.ucr.uu.se/svar/ last accessed
2025-01-20.

Ludvigsson JF, Andersson E, Ekbom A, Feychting M, Kim J-L, Reuterwall C,
Heurgren M, Olausson PO: External review and validation of the Swedish
national inpatient register. BMC Public Health 2011, 11(1):450.

Thygesen LC, Daasnes C, Thaulow I, Brennum-Hansen H: Introduction to Danish
(nationwide) registers on health and social issues: structure, access, legislation,
and archiving. Scand J Public Health 2011, 39(7 Suppl):12-16.

Slater DK, Hlatky MA, Mark DB, Harrell FE, Jr., Pryor DB, Califf RM: Qutcome in
suspected acute myocardial infarction with normal or minimally abnormal
admission electrocardiographic findings. Am J Cardiol 1987, 60(10):766-770.

Atie J, Brugada P, Brugada J, Smeets JL, Cruz FE, Roukens MP, Gorgels A, Bir
FW, Wellens HJ: Clinical presentation and prognosis of left main coronary
artery disease in the 1980s. Eur Heart J 1991, 12(4):495-502.

Mokhtari A, Dryver E, S6derholm M, Ekelund U: Diagnostic values of chest pain
history, ECG, troponin and clinical gestalt in patients with chest pain and
potential acute coronary syndrome assessed in the emergency department.
Springerplus 2015, 4:219.

Canto JG, Rogers WJ, Goldberg RJ, Peterson ED, Wenger NK, Vaccarino V, Kiefe
CI, Frederick PD, Sopko G, Zheng ZJ: Association of age and sex with myocardial

infarction symptom presentation and in-hospital mortality. Jama 2012,
307(8):813-822.

95



145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

96

Lindow T, Wiiala J, Lundager Forberg J, Lassen AT, Brabrand M, Platonov PG,
Ekelund U: Optimal measuring point for ST deviation in chest pain patients with
possible acute coronary syndrome. Journal of Electrocardiology 2020, 58:165-
170.

Borna C, Kollberg K, Larsson D, Mokhtari A, Ekelund U: The objective CORE
score allows early rule out in acute chest pain patients. Scandinavian
Cardiovascular Journal 2018, 52(6):308-314.

Pickering JW: The Need to Improve Derivation and Description of Algorithms to
Rule-Out Patients With Possible Myocardial Infarction. Circulation 2019,
139(11):1351-1353.

Greenslade JH, Carlton EW, Van Hise C, Cho E, Hawkins T, Parsonage WA, Tate J,
Ungerer J, Cullen L: Diagnostic Accuracy of a New High-Sensitivity Troponin I
Assay and Five Accelerated Diagnostic Pathways for Ruling Out Acute
Myocardial Infarction and Acute Coronary Syndrome. Ann Emerg Med 2018,
71(4):439-451.e433.

Laureano-Phillips J, Robinson RD, Aryal S, Blair S, Wilson D, Boyd K, Schrader
CD, Zenarosa NR, Wang H: HEART Score Risk Stratification of Low-Risk Chest
Pain Patients in the Emergency Department: A Systematic Review and Meta-
Analysis. Ann Emerg Med 2019, 74(2):187-203.

Mahler SA, Riley RF, Hiestand BC, Russell GB, Hoekstra JW, Lefebvre CW, Nicks
BA, Cline DM, Askew KL, Elliott SB et al: The HEART Pathway randomized
trial: identifying emergency department patients with acute chest pain for early
discharge. Circ Cardiovasc Qual Outcomes 2015, 8(2):195-203.

Van Den Berg P, Body R: The HEART score for early rule out of acute coronary
syndromes in the emergency department: a systematic review and meta-
analysis. Fur Heart J Acute Cardiovasc Care 2018, 7(2):111-119.

Stopyra JP, Miller CD, Hiestand BC, Lefebvre CW, Nicks BA, Cline DM, Askew
KL, Riley RF, Russell GB, Hoekstra JW et al: Performance of the EDACS-
accelerated Diagnostic Pathway in a Cohort of US Patients with Acute Chest
Pain. Crit Pathw Cardiol 2015, 14(4):134-138.

Che-Muzaini CM, Norsa'adah B: Complications of Acute Coronary Syndrome in
Young Patients. [ran J Public Health 2017, 46(1):139-140.

Gheini A, Pooria A, Pourya A: Evaluating Mortality Rate and Associated
Parameters in Patients with Acute Coronary Syndrome. Cardiovasc Hematol
Disord Drug Targets 2020, 20(3):221-226.

Yang Q, Du J, Wang B: Complications during hospitalization and at 30 days in
the intensive cardiac care unit for patients with ST-elevation versus non-ST-
elevation acute coronary syndrome: A protocol for systematic review and meta
analysis. Medicine (Baltimore) 2020, 99(24):¢20655.

Avezum A, Piegas LS, Goldberg RJ, Brieger D, Stiles MK, Paolini R, Huang W,
Gore JM: Magnitude and prognosis associated with ventricular arrhythmias in

patients hospitalized with acute coronary syndromes (from the GRACE
Registry). Am J Cardiol 2008, 102(12):1577-1582.



157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

Shavadia JS, Chen AY, Fanaroff AC, de Lemos JA, Kontos MC, Wang TY:
Intensive Care Utilization in Stable Patients With ST-Segment Elevation
Myocardial Infarction Treated With Rapid Reperfusion. JACC: Cardiovascular
Interventions 2019, 12(8):709-717.

Fagundes A, Berg DD, Park J-G, Baird-Zars VM, Newby LK, Barsness GW, Miller
PE, van Diepen S, Katz JN, Phreaner N ef al: Patients With Acute Coronary
Syndromes Admitted to Contemporary Cardiac Intensive Care Units: Insights
From the CCCTN Registry. Circulation: Cardiovascular Quality and Outcomes
2022, 15(8):¢008652.

Collet J-P, Thiele H, Barbato E, Barthélémy O, Bauersachs J, Bhatt DL, Dendale P,
Dorobantu M, Edvardsen T, Folliguet T et al: 2020 ESC Guidelines for the
management of acute coronary syndromes in patients presenting without
persistent ST-segment elevation: The Task Force for the management of acute
coronary syndromes in patients presenting without persistent ST-segment
elevation of the European Society of Cardiology (ESC). European Heart Journal
2020.

Rubinstein R, Matetzky S, Beigel R, Iakobishvili Z, Goldenberg I, Shechter M:
Trends in management and outcome of acute coronary syndrome in women
>80 years versus those <80 years in Israel from 2000-2016. /nt J Cardiol 2019,
281:22-27.

Roman M, Miksza J, Lai FY-L, Sze S, Poppe K, Doughty R, Squire I, Murphy GJ:
Revascularization in frail patients with acute coronary syndromes: a
retrospective longitudinal study. Furopean Heart Journal 2024.

Sanchis J, Bueno H, Marti Sanchez D, Martinez-Selles M, Diez Villanueva P,
Barrabes JA, Marin F, Villa A, Sanmartin Fernandez M, Llibre C et al: Effects of
routine invasive management on reinfarction risk in older adults with frailty
and non-ST-segment elevation myocardial infarction: a subanalysis of a
randomised clinical trial. Heart 2025:heartjnl-2024-325254.

Fanaroff AC, Peterson ED, Chen AY, Thomas L, Doll JA, Fordyce CB, Newby LK,
Amsterdam EA, Kosiborod MN, de Lemos JA et al: Intensive Care Unit Utilization
and Mortality Among Medicare Patients Hospitalized With Non-ST-Segment
Elevation Myocardial Infarction. JAMA Cardiol 2017, 2(1):36-44.

Del Buono MG, Montone RA, Rinaldi R, Gurgoglione FL, Meucci MC, Camilli M,
lannaccone G, Sanna T, Pedicino D, Trani C ef al: Clinical predictors and
prognostic role of high Killip class in patients with a first episode of anterior ST-
segment elevation acute myocardial infarction. J Cardiovasc Med (Hagerstown)
2021, 22(7):530-538.

Vicent L, Velasquez-Rodriguez J, Valero-Masa MJ, Diez-Delhoyo F, Gonzalez-
Saldivar H, Brufia V, Devesa C, Juarez M, Sousa-Casasnovas I, Fernandez-Avilés F
et al: Predictors of high Killip class after ST segment elevation myocardial

infarction in the era of primary reperfusion. International Journal of Cardiology
2017, 248:46-50.

Martinez MJ, Rueda F, Labata C, Oliveras T, Montero S, Ferrer M, El Ouaddi N,
Serra J, Lup6n J, Bayés-Genis A ef al: Non-STEMI vs. STEMI Cardiogenic
Shock: Clinical Profile and Long-Term Outcomes. J Clin Med 2022, 11(12).

97



167.

168.

1609.

170.

171.

172.

173.

174.

98

del Portal DA, Shofer F, Mikkelsen ME, Dorsey PJ, Jr., Gaieski DF, Goyal M,
Synnestvedt M, Weiner MG, Pines JM: Emergency department lactate is
associated with mortality in older adults admitted with and without infections.
Acad Emerg Med 2010, 17(3):260-268.

Shapiro NI, Howell MD, Talmor D, Nathanson LA, Lisbon A, Wolfe RE, Weiss JW:
Serum lactate as a predictor of mortality in emergency department patients
with infection. Ann Emerg Med 2005, 45(5):524-528.

Gjesdal G, Braun OO, Smith JG, Scherstén F, Tydén P: Blood lactate is a predictor
of short-term mortality in patients with myocardial infarction complicated by
heart failure but without cardiogenic shock. BMC Cardiovascular Disorders
2018, 18(1):8.

Lazzeri C, Valente S, Chiostri M, Gensini GF: Clinical significance of lactate in
acute cardiac patients. World J Cardiol 2015, 7(8):483-489.

Thygesen LC, Ersbell AK: When the entire population is the sample: strengths
and limitations in register-based epidemiology. Eur J Epidemiol 2014, 29(8):551-
558.

Rubinger L, Ekhtiari S, Gazendam A, Bhandari M: Registries: Big data, bigger
problems? Injury 2023, 54:5S39-542.

Worster A, Haines T: Advanced statistics: Understanding Medical Record
Review (MRR) Studies. Academic Emergency Medicine 2004, 11(2):187-192.

Jernberg T: Coronary Computed Tomographic Angiography in Intermediate-
risk Chest Pain Patients (FAST-CCTA) trial approval
https://clinicaltrials.gov/study/NCT04748237?term=fast%20ccta&rank=2 last
accessed 2025-02-13.







UN

UNIVERSITY

About the author

TSVETELINA NILSSON is a dedicated
clinician, an emerging researcher, and
a travel enthusiast. Born and raised
in Sofia, Bulgaria, she earned her
medical degree from the Medical
University of Sofia. Her heart led
her to Sweden, where she built a
wonderful family and pursued her
career in Emergency Medicine. She
completed her residency at Skane
University Hospital in Lund and now
works as an attending physician at the
Department of Emergency Medicine in
Lund, Sweden.

Tsvetelina’s primary interests include
cardiology, global cultures and
exploring the world. Throughout her
PhD journey, she has traveled to over
15 countries across four continents —

many of these trips driven by her research and professional pursuits. According
to Tsvetelina, the best way to do research is in the shade of a palm tree, with
the sound of the ocean in the background and a reliable internet connection.

FACULTY OF
MEDICINE

Department of Clinical Sciences

Lund University, Faculty of Medicine
Doctoral Dissertation Series 2025:45
ISBN 978-91-8021-698-2

ISSN 1652-8220

Printed by Media-Tryck, Lund 2025 % NORDIC SWAN ECOLABEL 3041 0903



	382479_nr2_G5_Tsvetelina.pdf
	Tom sida
	Study 1.pdf
	Emergency Department Chest Pain Patients With or Without Ongoing Pain: Characteristics, Outcome, and Diagnostic Value of th ...
	Introduction
	Materials and Methods
	Setting and Study Design
	Data Collection
	Outcome Measures
	Statistics

	Results
	Patient Characteristics
	Diagnostic Value of ECG With and Without Ongoing Chest Pain

	Discussion
	Limitations

	Conclusion
	References


	Study II..pdf
	Diagnostic accuracy of the HEART Pathway and EDACS-­ADP when combined with a 0-­hour/1-­hour ﻿
﻿hs-­cTnT protocol for assessment of acute chest pain patients
	Abstract
	Introduction﻿﻿
	Material and methods
	Setting and study design
	Patient and public involvement
	Data collection
	Index tests
	Outcomes and adjudication process
	Statistical analyses

	Results
	Patient characteristics
	Main results

	Discussion
	Limitations
	Conclusion
	References


	Study III..pdf
	Complications in Emergency Department Patients with Acute Coronary Syndrome with Contemporary Care
	Introduction
	Material and Methods
	Study Design
	Data Collection and Outcomes
	Statistical Analyses

	Results
	Patient Characteristics
	Main Results
	ACS Subtype
	Admission Ward
	Male versus Female Patients
	Patient Subgroups

	Discussion
	Limitations

	Conclusion
	Acknowledgments
	Statement of Ethics
	Conflict of Interest Statement
	Funding Sources
	Author Contributions
	Data Availability Statement
	References






