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ABSTRACT

Coronary artery disease (CAD) is one of the most common diseases in developed countries and has a high morbidity and
mortality. ST-elevation myocardial infarction (STEMI) accounts for approximately 30% of all acute coronary syndrome
(ACS) cases. Total occlusion refers to a complete blockage of a coronary artery, this blockage significantly reduces or
completely stops blood flow to the heart muscle. Chronic Total Occlusion (CTO) is defined as a 100% occlusion of a
coronary artery that has been present for at least 3 months. CTO can be found in various clinical situations, such as ACS,
or discovered during evaluation with imaging modalities when there is a complaint of chest pain, or when the patient
undergoes angiography when undergoing valve replacement surgery, or surgery for congenital heart disease. Management
of patients with CTO remains a challenge, so more detailed examination is needed to achieve the best results.
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1. INTRODUCTION

Coronary artery disease (CAD) is one of the most common diseases in developed countries and has high morbidity and
mortality [1]. Globally, CHD caused 9 million deaths in 2017 (2). Although the mortality rate among patients with
ischemic heart disease has decreased over the past decades, the incidence of acute coronary syndrome (ACS) has not
changed and continues to be responsible for billions of health care expenditures worldwide [3]. ACS is a spectrum of
conditions that includes patients who experience a change in current clinical condition, have symptoms or signs, with or
without changes in 12-lead electrocardiogram (ECG) examination and with or without acute elevation of cardiac troponin
values. ACS consists of STEMI and non-ST elevation acute coronary syndrome (NTE-ACS), which is then classified as
NSTEMI if there is an increase in cardiac enzyme values, and unstable angina (UA) if there is no myocardial necrosis.
Both require immediate action in emergency cases.

The proportion of ST-segment elevation myocardial infarction (STEMI) in total ACS has declined in high-income
countries [4], most likely due to lifestyle changes such as declining smoking rates in Western European and North
American countries, and partly related to the increasing use of high-sensitivity troponin (hsTn) testing to diagnose non-
STEMI (NSTEMI). However, in-hospital mortality rates in patients with complications of STEMI remain high, especially
in the setting of heart attacks [5]. In Indonesia itself, based on 2013 data, 0.5% of the Indonesian population was diagnosed
with CAD. Furthermore, 1.5% of the population had symptoms of CAD or was diagnosed with CAD [6].

Patient and observation
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Patient Information: A 53-year-old man, who works as a construction worker, was brought by his co-worker to the
Emergency Room of Dr. Soetomo Hospital with complaints of chest pain as if crushed by a heavy object, VAS (6-7), pain
is still felt when resting, persistent, and appears suddenly (new onset), pain accompanied by nausea and vomiting. The
patient had felt chest pain for 7 hours before finally being taken to the Emergency Room of Dr. Soetomo Hospital. At the
time of examination, the patient was in good conscious condition, complaints of chest pain had decreased (VAS 3-4),
complaints of shortness of breath and palpitations were denied. No dyspneu on effort, nocturnal dyspneu, orthopneu, nor
swelling in both legs. The patient has smoked 1 pack a day for the past 30 years or so. History of hypertension, Type 2
DM, chronic kidney disease, stroke, previous CAD or congestive heart failure were all denied.

Clinical Findings :

From physical examination, we found normal vital sign with blood pressure 106/72 without support, with pulse 75 times per
minute regular, respiratory rate 20 times per minute with oxygen saturation 98% room air. From physical examination of the
head and neck no abnormalities were found, from examination of the thorax found symmetrical, and no intercostal retraction.
Cardiac auscultation found single S1 S2, regular, no murmur, no gallop. From lung examination found bilateral vesicular
breath sounds, no rhales, no wheezing. From examination of the abdomen and extremities found no abnormalities. From upper
and lower extremities found warm dry red acral, CRT <2 seconds, no edema in both legs.

From supporting examination, chest x-ray obtained PA projection, less inspiration, normal shape and size impression CTR
48%, aortic calcification, lungs showed no abnormalities (figure 1). From the ECG, sinus rhythm was obtained 64 x/minute,
normal frontal axis, horizontal axis CWR, ST Elevation V4-6, QS II 11l AVF concluded as an acute coronary syndrome anterior
and OMI inferior (figure 1). From laboratory examination (Table 1) an increase in Hs Trop | 2731.1 was obtained. From
echocardiography found according to the criteria for coronary heart disease with ischaemic cardiomyopathy.
Echocardiography also found a decreased of left ventricular systolic function (LVEF by Biplane 41%) with abnormal grade |
left ventricular diastolic dysfunction. Diagnostic coronary angiography was found triple vessel disease with total occlusions
medial LAD, distal RCA, proximal-distal LCx. Percutaneous primary coronary angiography with stent insertion was
conducted in distal RCA occlusions.
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Figure 1. ECG shows normal sinus rhythm 64x /m, normal frontal axis, CWR at horizontal axis, ST elevation at
V4-V6, QS I, 111, AVF. Seen as acute coronary syndrome anterior, OMI inferior.
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Figure 2. CXR with PA Projection, lack of inspiration, normal of cardiac shape and size, with CTR 48%,
calcification of aortic knob, there is no visible nodal and infiltrate at lungs.

HB 138

WEBC 11.65
PLT 268
BUN / SK 21.2/1.0

PH 7.36 T ;’E”-ﬁf
PCO2 41 Ca/ Mg 9.5/2.2
SGOT / SGPT 72/ 32
PO2 74 Albumin 4.40
HCO3 23.2 GDA/ HBA1LC 160/ -
INR 1.05
= -2.2 APTT/PPT 31.5/14.9
S02 94% PPCT 0.29
Hs Trop | 2731.1
P"IF = LDL/ TG 173 /73
Ratio Chol/ HDL

Table 1. Laboratory results

Timeline of current episode:

After admission to our hospital, we immediately arrange for primary percutaneous coronary angiography (PCI). We give dual
antiplatelet (DAPT) loading with aspirin 300mg and ticagelor 180mg as pre-medication. From PCI we found triple critical
total occlusion in three main coronary artery. From LAD we found diffuse disease from proximal to distal LAD with total
occlusion in distal LAD (Fig 3a blue arrow). From LCx we found the artery were small vessel, with critical total occlusion in
proximal LCx (Fig 3b red arrow). However, bridging collateral were found from proximal to distal LCx. Total occlusion was
also found in CTA (Fig 3c red arrow).
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Figure 3. A diffuse disease from proximal to distal LAD with total occlusion in distal LAD (blue arrow). B. From
LCx we found the artery were small vessel, with critical total occlusion in proximal LCx (Fig 3b red arrow).
However, bridging collateral were found from proximal to distal LCx. Total occlusion was also found in CTA (Fig 3c
red arrow).

Diagnostic assessment:

Based on chief complaint of chest pain within 7 hours before admission, ST-T Eleveation ST Elevation V4-6, QS I1 Il
AVF from ECG, an increase in Hs-troponin level, echocardiography associated with ischaemic cardiomyopathy in addition
with decrease LVEF by Biplane 41% and abnormal grade | left ventricular diastolic dysfunction, and lastly evidence of total
occlusion from diagnostic coronary angiography, the patient were diagnosed with STEMI anterolateral-inferior 7 hours onset
with triple vessel disease.

Diagnosis: The patient was diagnosed as STEMI anterolateral-inferior 7 hours onset with triple vessel disease (total occlusion
in Medial LAD, Distal RCA, Proximal-Distal LCx)

Therapeutic interventions: PCI stenting was conducted to RCA and LAD, by inserting wire DES Resolute (zotarolimus)
3.5 x18 mm guided to distal RCA, with dilatation of 12/10. Other wire was inserted DES Promus (Everolimus) 3.0 x 20 mm
to distal LAD, with dilatation of 11/12.

Follow-up and outcome of interventions:

After undergoing Primary Coronary Intervention (PCI), the patient demonstrated a good clinical response with stable
hemodynamics and no signs of acute heart failure. Post-procedural electrocardiographic evaluation showed improvement
in ST-segment elevation compared to pre-procedure findings, with no significant arrhythmias observed. Post-PCI
angiography confirmed successful intervention with TIMI Flow 111 achieved in the mid-Left Anterior Descending (LAD)
and distal Right Coronary Artery (RCA) following stent placement, while stenosis in the Left Main (LM) remained non-
significant and Chronic Total Occlusion (CTO) in the Left Circumflex (LCXx) persisted with bridging collateral circulation.
Clinically, the patient did not experience recurrent chest pain and will undergo serial monitoring of left ventricular function
to assess potential residual dysfunction following STEMI. The patient has been educated on lifestyle modifications and
adherence to pharmacological therapy to prevent recurrent cardiovascular events. The treatment plan includes optimal
medical therapy with dual antiplatelet therapy, high-dose statins, beta-blockers, and risk factor control, along with follow-
up echocardiographic evaluation and cardiac rehabilitation to monitor clinical progress. Overall, the intervention
successfully improved coronary blood flow, and the patient remains stable post-procedure.
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Figure 4. Post Primary Coronary Intervention
Patient Perspective:

It started like any other workday. I was lifting heavy materials, moving back and forth under the sun. I’ve been doing this
for years, so I didn’t think much of the exhaustion that crept in. But then, a sharp, crushing pain hit my chest—Ilike a
weight pressing down on me. I tried to shake it off, thinking maybe I had just overworked myself. But the pain didn’t go
away. It stayed, deep and unrelenting, making it hard to focus.l sat down for a while, hoping it would pass. Instead, nausea
set in, and | felt like T was going to vomit. My hands were shaking. I didn’t want to make a scene, but my coworkers
noticed something was wrong. They insisted on taking me to the hospital. | told them it was probably nothing serious, but
deep down, | was scared. | had never felt anything like this before. By the time we reached the emergency room, the pain
had lessened a bit, but | still felt uneasy. The doctors asked me questions, checked my vitals, and did some tests. | could
tell they were looking for something specific. Then they mentioned my heart. That caught me off guard. I’ve never had
any heart problems before—at least, none that I knew of. I don’t have high blood pressure, diabetes, or any of those
illnesses I always heard about. But I do smoke. I’ve been smoking a pack a day for 30 years.

When the doctors showed me my test results, my heart sank. They told me | had Acute Coronary Syndrome (ACS), a
condition caused by reduced blood flow to the heart. My EKG showed abnormality in some areas, which they said could
mean a heart attack, and my troponin levels were very high, confirming that my heart muscle was under stress. Hearing
the word “heart attack” made my stomach drop. I never thought this would happen to me. I always saw myself as strong,
someone who could push through anything.

Informed Consent: The patient has provided consent for the publication of this case report.

2. DISCUSSION

ST elevation myocardial infarction (STEMI) is a type of heart attack that occurs when a coronary blood vessel is
completely blocked. If there is elevation in the ST segment, this often means there is a complete blockage of one of the
heart's main supply arteries. If this happens during a heart attack, it can be a sign that the ventricular muscle is dying. This
is important information for healthcare providers to know during a STEMI as it means the heart muscle is in the process
of dying. It also means reopening those arteries and restoring blood flow as soon as possible can prevent permanent
damage, or at least limit the severity of the damage [7].
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Figure 5. The Case Timeline

Patients that has STEMI experience symptoms such as chest pain that radiates to the shoulders, jaw, neck, arms, or
abdomen (solar plexus), may be accompanied by nausea and vomiting, fatigue, and shortness of breath. Risk factors that
can cause STEMI are divided into two groups, namely modifiable risk factors such as hypertension, hyperlipidemia,
diabetes mellitus, smoking, physical inactivity, and consumption of high salt and high fat foods [8]. While factors that
cannot be changed such as age, gender (men are more prone to STEMI than women, and women who have menopause
are at higher risk of STEMI than women who are still menstruating, family history of heart disease, and genetic conditions
or congenital diseases).

In the US, the incidence of STEMI accounts for approximately 30% of the total incidence of SCI [9]. In Indonesia based
on data from the One ACS Registry for 12 months from July 01, 2018 to June 30, 2019 in 11 centers, 7634 cases of SCA
were recorded, where STEMI alone was recorded as many as 3725 (48.8%), NSTEMI 1839 (24.1%), and UA as many as
2070 (27.1%). Of these STEMIs, 2428 (65.2%) underwent reperfusion, with 706 (29.1%) undergoing fibrinolysis, and
1703 (70.1%) PPCI [10].

The majority of culprit lesions were located in the left anterior descending coronary artery (LAD, 45%), followed by the
right coronary artery (RCA, 38%), and left circumflex coronary artery (LCx, 14%). Subanalysis showed that patients with
culprit lesions in the LAD and LCX had significantly higher peak values of cardiac enzymes compared to patients with
culprit lesions in the RCA. In addition, patients with proximal LAD and LCX lesions had significantly worse left
ventricular function compared to patients with mid or distal lesions [25]. Plaque rupture, which is an important event in
SCA, does not occur randomly throughout the coronary arteries. The LAD and right coronary artery RCA are more prone
to plaque rupture than the left circumflex artery LCX [26]. This is due to some factors such as location and plague
characteristic. Plaque ruptures tend to cluster at specific locations. In the LAD, most ruptures occur in the first 40 mm
from the coronary ostium [27]. RCA ruptures are found in both proximal (10-40mm from the ostium) and distal regions
[28]. In contrast, LCX ruptures appear more evenly distributed along the coronary artery [28]. Plague rupture occurs when
intraplastic stress exceeds the material strength of the fibrous cover [29]. Factors that determine plaque structural stress
(PSS) include luminal area, luminal eccentricity and plaque load. Higher stress in high-risk areas makes plaque rupture
more likely [29]. Positive remodeling, while preserving the arterial lumen, may also make atherosclerotic plagues more
prone to rupture [29]. Although fibroatheromas (FASs), especially thin cap fibroatheromas (TCFAs), are known to be
rupture-prone lesions, there are other factors at play [26]. Plaque Erosion: Although plaque rupture is the main cause of
ACS, plaque erosion also contributes [27]. Erosion is more common in the LAD and is associated with factors such as
age below 50 years, smoking history, and lack of other coronary risk factors [27]. Other risk factor is flow dynamics.
Blood flow dynamics within the coronary arteries may play a role, as plaque erosion is more common near branching
[27]. In conclusion, the increased risk of plaque rupture in the LAD and RCA is related to a combination of factors
including specific locations prone to rupture, higher plaque structural stress, plaque composition, plaque erosion, and
positive remodeling.
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In acute coronary syndrome (ACS), total occlusion (TO) refers to a complete blockage of a coronary artery, this blockage
acutely and significantly reduces or stops blood flow to the heart muscle, while in CTO a 100% occlusion of a coronary
artery has occurred for at least 3 months. The estimated duration of occlusion is based on first-onset classic angina
symptoms (or angina equivalents) and/or a history of myocardial infarction (MI) in the target vessel territory. Occluded
coronary arteries found within 30 days after MI were not considered as CTOs [31]. From angiography, there are some
differences between the two that we can notice such as in TO, non-calcified plaque is often found, plaque density tends to
be lower in TO, while in CTO there is diffuse occlusion and calcified plaque. The lesion length in TO was shorter than
that in CTO. In CTO, collateral circulation has also developed [32]. The treatment strategy in TO requires immediate
reperfusion measures, whereas in CTO the measures can be more conservative, and PCI can be performed to improve the
patient's complaints and quality of life (33). In other imaging examinations such as CT scans, the difference between TO
and CTO can also be seen from :

o Plaque Density: TOs tend to have lower plaque density measured in Hounsfield units (HU) compared to CTOs.

e Plaque Composition: ATO is often associated with non-calcified plaques, while CTO often shows multifocal calcified
plaques.

e Remodeling Index (RI): ATO has a much higher remodeling index (RI) compared to CTO.
e Attenuation Decrease: The percentage of attenuation decrease in the lesion was lower in ATO compared to CTO.
e Myocardial Depletion: Myocardial depletion is only observed in cases of CTO [33].

e Collateral Circulation: CTOs tend to have well-developed collateral circulation [34].

Factors Influencing Survival and Mortality in Total Coronary Occlusion

When a patient has a heart attack with complete occlusion of the three major coronary vessels, several factors may affect
his or her survival despite the severity of the condition. Here are some factors that contribute to survival and their effect
on mortality in acute coronary syndrome (ACS).

1. Collateral circulation: The presence of collateral vessels may provide an alternative pathway for blood flow to the
heart muscle, which may help maintain myocardial viability even when the main coronary arteries are blocked.

2. Timely Medical Intervention: Rapid access to medical treatment, including administration of antiplatelet agents,
thrombolytics, or percutaneous coronary intervention (PCI), can significantly improve outcomes. Early reperfusion
therapy is critical in restoring blood flow and minimizing heart muscle damage.

3. Patient’s Baseline Health: Patients with better baseline cardiac function and fewer comorbidities (e.g., diabetes,
chronic kidney disease) are more likely to survive the acute event. Younger patients generally have a better prognosis
compared to older adults.

4. Management Strategies: Effective management strategies, including the use of statins, beta-blockers, and ACE
inhibitors, have been shown to reduce mortality in ACS patients. These medications help manage risk factors and improve
overall cardiovascular health.

5. Cardiac Rehabilitation: Participation in a post-event cardiac rehabilitation program can improve long-term outcomes
by encouraging lifestyle changes and providing support for cardiovascular health.

Factors that may be predictors of mortality in SCA are:

1. Age: Older age is a significant predictor of mortality in ACS patients. Studies show that patients aged above 65 years
have a higher risk of death (adjusted odds ratio [AOR] 2.143) compared to younger individuals.

2. Clinical Presentation: Certain clinical features, such as cardiogenic shock on presentation, are associated with an
increased risk of death (AOR 48.700 for cardiac arrest).

3. Hemodynamic Status: Low systolic blood pressure (SBP <90 mmHg) and increased heart rate (>100 beats per minute)
are associated with higher mortality (AOR 4.972 for low SBP) [35].

4. Ejection Fraction: A left ventricular ejection fraction (LVEF) of less than 40% is associated with a significantly
increased risk of death (hazard ratio [HR] = 2.75) [36].

5. Comorbid Conditions: The presence of comorbidities such as diabetes, chronic kidney disease, and previous
cardiovascular events may adversely affect treatment outcomes [36].

6. Adherence to Treatment: Adherence to dual antiplatelet therapy (DAPT) and treatment according to guidelines after
hospital discharge has been shown to improve long-term survival rates [37].
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Management of Chronic Total Occlusions

One-third of all angiographically significant coronary stenoses are CTOs, yet only 10-15% of these are treated with
percutaneous coronary intervention (PCI), with the majority being medically treated or referred for surgery (CABG) [38].
However, CTO reopening has been shown to not only alleviate angina symptoms but also improve left ventricular ejection
fraction, reduce the need for coronary bypass surgery (CABG), and improve long-term survival. CTOs can be found in
diverse clinical situations, such as SCA, or discovered during evaluation with imaging modalities when chest pain is
complained of, or when patients are angiographed when valve replacement surgery or congenital heart disease surgery is
planned [39].

In patients with CTO, it is necessary to carefully evaluate the patient’s age, frailty, and comorbidities (e.g., significant
concomitant valvular heart disease, large aortic aneurysm, non-cardiac functional capacity limitations, ongoing oncologic
treatment, or cognitive deficits). These clinical elements should go hand in hand with technical considerations to guide
the decision between CTO-PCI or revascularization and, in the later stages of the treatment, between PCI and surgery. Of
note, patients with CTO are older, more often have diabetes, and have greater left ventricular ejection fraction (LVEF)
impairment compared to patients without CTO [40].

In stable conditions, the indication for revascularization in CTO is when there are complaints of angina and there is silent
ischemia that includes the heart muscle that is supplied with blood by the occluded coronary vessels. A length study to
examine collateral function and functional reserve in patients with CTO and their response to pharmacologic stress [41].
It was shown that only 7% of patients had a sufficient increase in collateral flow during stress to achieve a normal coronary
flow reserve of >2, while an absolute decrease in flow during hyperemia occurred in one third of patients. These results
suggest that even in "well-collateralized" CTOs, maximal hyperemic distal flow is functionally insufficient such that
recanalization provides additional benefit. Chung MC et al [42] repeated ventriculography six months after PCI in CTO
patients and showed a significant improvement in global LVEF (mean 4%), but a higher improvement (8%) in the group
of patients without previous Ml in the CTO distribution region.

In CTO patients presenting with SCA, the prognosis is poor due to multiple injuries due to disruption of collateral flow
from the culprit artery to the CTO area [43]. Approximately 1/3 of patients resuscitated for cardiac arrest have a CTO
[44]. If the resulting SCA results in cardiogenic shock, complete revascularization beyond the culprit lesion should be
avoided.

3. CONCLUSION

The management of patients with Chronic Total Occlusion (CTO) remains a challenge. Most of these patients suffer from
multivessel coronary artery disease, have undergone previous revascularization, and have other complex target lesions
that are typically considered unsuitable for percutaneous intervention. Lifestyle modifications and aggressive control of
other cardiovascular risk factors (statins, beta-blockers, and ACE inhibitors) are mandatory. Except for the most evident
indications, magnetic resonance imaging or myocardial perfusion scanning should be performed to assess the extent and
severity of inducible ischemia in the myocardium related to CTO, allowing for patient stratification and guiding
therapeutic decision-making.
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