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Abstract: In recent decades, significant advancements in pharmacological, catheter-based, and surgi-
cal reperfusion technologies have markedly improved outcomes for individuals undergoing acute
myocardial infarction. Despite these remarkable progressions, a segment of patients, particularly
those with extensive infarctions or delays in revascularization, remains vulnerable to the onset of
mechanical complications associated with myocardial infarction. These complications, spanning
mechanical, electrical, ischemic, inflammatory, and thromboembolic events, pose substantial risks of
morbidity, mortality, and increased utilization of hospital resources. The management of patients
experiencing these complications is intricate, necessitating collaborative efforts among various spe-
cialties. Timely identification, accurate diagnosis, hemodynamic stabilization, and decision-making
support are crucial for guiding patients and their families in choosing between definitive treatments or
palliative care. This review underscores the critical importance of promptly identifying and initiating
therapy to reduce prolonged periods of cardiogenic shock and the potential for fatality. By presenting
key clinical and diagnostic insights, this review aims to further improve early diagnosis and offer
an updated perspective on current management strategies for the diverse range of complications
associated with acute myocardial infarction.

Keywords: AMI; myocardial infarction

1. Introduction

Acute coronary syndromes (ACS) involve a range of patients, usually categorized
according to their electrocardiogram (ECG) at presentation and the presence or absence
of cardiac troponin elevation. This classification distinguishes between acute myocar-
dial infarction (AMI) and unstable angina (UA). AMI is characterized by cardiomyocyte
necrosis during acute myocardial ischemia, including myocardial infarction (MI) caused
by atherothrombotic events (Type 1 MI) as well as other potential causes of myocardial
ischemia and myocyte necrosis (Type 2-5 MI) [1]. Annually, over 3 million individuals
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Mechanical
Complications

worldwide experience AMI. A recent study of 19,781 coronary artery disease (CAD) pa-
tients revealed a 23.3% prevalence of MI, while, in the United States, AMI has shown
a declining trend in hospitalizations over the past decade, with an overall prevalence
of 3% and an in-hospital mortality rate of 7.7% [2—4]. Although mechanical complica-
tions following myocardial infarction are rare, they continue to play a significant role in
determining outcomes.

Over the last decade, there has been a temporal decline in the proportion of patients
presenting with AMI, and typical patients with mechanical complications tend to be older,
show a female sex preponderance, have a history of heart failure and chronic kidney dis-
ease, and are often delayed in presenting with their first AMI [5,6]. Reperfusion therapies,
especially primary percutaneous coronary intervention (PCI), have significantly reduced
the occurrence of mechanical complications in AMI [7]. Despite the low incidence, in the
past two decades, patients with mechanical issues faced over a 4-fold increase in inpa-
tient mortality compared to individuals without such issues, and overall mortality rates
have not significantly decreased [8]. Moreover, the treatment choices involving surgery
and percutaneous interventions often involve intricate procedures and demand the skills
of multidisciplinary teams. The urgency and time-critical nature of these complications
underscore the importance of promptly identifying and initiating therapy to minimize
prolonged periods of cardiogenic shock and the risk of potential fatality. This review aims
to highlight significant clinical and diagnostic observations that can aid in the prompt iden-
tification of mechanical complications while providing an overview of current strategies
for management (Figure 1).
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Figure 1. Complications of Acute Myocardial Infarction.

2. Mechanical Complications
2.1. Papillary Muscle Rupture and Ischemic Mitral Regurgitation
Clinical Presentation: Papillary Muscle Rupture (PMR) remains the predominant

cause of acute severe mitral regurgitation (MR) following MI, accounting for over half of
such cases [9,10]. Typically, PMR occurs within the initial 7 days post-MI, with a median
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presentation time of 13 h according to the SHOCK (Should We Emergently Revascularize
Occluded Coronaries for Cardiogenic Shock) trial registry [11]. Patients presenting with
PMR are often older, with a higher prevalence of hypertension and a lower likelihood of
diabetes or a history of prior MI. In terms of coronary anatomy, single-vessel occlusion
is a common occurrence in PMR, and the right coronary artery (RCA) is more frequently
affected than the left circumflex artery (LCX), with the left anterior descending artery (LAD)
being less commonly involved. The anterolateral papillary muscle, receiving blood supply
from both the LAD and LCX, is somewhat shielded against single-vessel occlusion. In
contrast, the posteromedial papillary muscle relies on the dominant RCA or LCX, rendering
it more prone to potential engagement. Acute pulmonary edema is the prevailing clinical
presentation in PMR cases. In the setting of acute severe mitral regurgitation and elevated
left atrial (LA) pressures, examination findings might not consistently demonstrate the
anticipated holosystolic murmur, contrary to the conventional expectation [12].

Ischemic mitral regurgitation (IMR) represents a consequential manifestation of changes
in the geometry of the left ventricle or atrium following MI. This type of secondary MR
typically involves the tethering of the posterior leaflet, attributed to either isolated annular
dilatation or excessive leaflet motion dysfunction [13]. IMR can emerge early during MI,
presenting with a spectrum of severity ranging from mild dyspnea and coughing to overt
symptoms of congestive cardiac failure and hemodynamic compromise. Notably, even
transient ischemia can precipitate reversible IMR if the ischemic condition is promptly
resolved. In the era of primary PCI, there has been a notable shift in managing IMR,
underscoring the importance of early revascularization to mitigate permanent IMR and
improve long-term outcomes following acute ML It is worth noting that a pansystolic
murmur in the mitral area, often radiating to the left axillary line, is frequently observed in
patients with IMR, highlighting its clinical significance and diagnostic relevance [14].

Management: Acute pulmonary edema, a frequently observed manifestation in in-
stances of PMR, can be confirmed through chest radiography. While Transthoracic Echocar-
diography (TTE) may reveal PMR findings, transesophageal echocardiography (TEE) might
be necessary. Detectable indicators in imaging consist of a rapidly moving ruptured papil-
lary muscle extending into the LA, prolapsed or flail leaflets, a V-shaped mitral regurgitation
signal in spectral Doppler tracing diverging from the usual rounded pattern, or a distinct
regurgitant jet. Given the urgency of this condition, additional imaging modalities are
often unnecessary [15]. The initial strategy for addressing this involves managing acute
pulmonary edema through interventions such as noninvasive or invasive ventilation, as
needed. Facilitating vasodilation and decreasing afterload can help alleviate MR and
enhance the forward flow in the left ventricle (LV). However, relying solely on medical
management results in mortality rates approaching 50%, underscoring the general recom-
mendation for early surgical intervention [16]. The most frequent approach is mitral valve
replacement (MVR), although, in certain instances, mitral valve repair (MVr) may be feasi-
ble. Previous studies indicate that there is no substantial difference in inpatient mortality
rates between MVR or MVr. Surviving beyond 30 days, patients with PMR exhibit 5-year
mortality rates comparable to those of individuals who experience MI without PMR [17]. In
patients with IMR where MR occurs due to papillary muscle dysfunction and not rupture,
the treatment options may include conservative measures or surgical interventions, such as
replacement or repair with or without CABG. In some cases, only revascularization with
CABG or PCI may be considered. The acute course of IMR is typically associated with
significant hemodynamic compromise, leading to a higher incidence of patients requir-
ing mechanical circulatory support (MCS) and ventilatory assistance, prompting urgent
or salvage interventions. Surgical intervention remains the established gold standard in
managing IMR. Alternatively, mitral transcatheter edge-to-edge repair (TEER) has been ex-
plored as a treatment option in patients deemed high-risk for surgery. Preliminary findings
from limited case series indicate the viability of the technique, showing a decrease in MR,
enhanced hemodynamics, and continued functional improvement for a duration of up to
1 year [18,19].



Hearts 2024, 5

125

2.2. Ventricular Septal Rupture

Clinical Presentation: In the absence or delay of reperfusion, the onset of Ventricular
Septal Rupture (VSR) exhibits a bimodal pattern, including an elevated risk in the first 24 h
and a subsequent peak at 3 to 5 days [20]. However, data from the SHOCK trial registry
and the GUSTO-I (Global Utilization of t-PA and Streptokinase for Occluded Coronary
Arteries) trial reveal a shorter median time for VSR onset, recorded at 16 h and 1 day,
respectively. Instances of VSR beyond 2 weeks following an MI are infrequent [21,22].
Women, elderly individuals, those with chronic kidney disease (CKD), and individuals
with diabetes, hypertension, a history of cigarette smoking, or a previous MI are at a
heightened risk of VSR. Revascularization through PCl is linked to a reduced occurrence
of VSR compared to thrombolytic therapy. Additionally, VSR is less common in patients
undergoing primary PCI compared to delayed intervention and is more prevalent in
those with anterior MI [23,24]. The onset of VSR initially leads to a left-to-right shunt,
subsequently leading to overload of the left atrium and ventricle. The direction of the
ongoing shunt depends on the functioning of both the ventricles, as well as the pulmonary
and systemic vascular resistance. Individuals with VSR may manifest symptoms such as
dyspnea, chest pain, and other signs of cardiogenic shock. Although acute pulmonary
edema is less common, a distinctive harsh pansystolic murmur at the left sternal border
and a potentially palpable thrill are usual findings upon examination. However, in cases of
cardiogenic shock, the murmur may not be audible [20].

Management: TTE is often the initial diagnostic choice, typically sufficient for identify-
ing the presence, location, and size of a VSR. TTE can also assess the shunt flow, chamber
enlargement and any underlying dysfunction. If TTE images are suboptimal, a TEE can be
performed for better visualization. During coronary angiography, suspicion of VSR can be
confirmed through a left ventriculogram, which illustrates the flow of contrast from left to
right. The ventricular septum can be supplied by the LAD artery, the dominant RCA, or
the dominant LCX. Individuals who have experienced an anterior MI are at a higher risk of
developing VSR, typically resulting in uncomplicated apical defects. In contrast, inferior or
lateral MIs are more likely to lead to basal defects [20,24,25]. Temporary measures such as
medical therapy using inotropes and diuretics are employed until more definitive treatment
is initiated. Unstable patients may necessitate the use of an Intra-Aortic Balloon Pump
(IABP) or Extracorporeal Membrane Oxygenation (ECMO). In a multicenter European reg-
istry study that investigated the utilization of the Impella device as a temporary mechanical
circulatory support in 28 patients with post-MI VSR, it was found that, although Impella
demonstrated feasibility in addressing the interventricular shunt in these patients, it was
associated with a high mortality rate of 75%, with 50% of cases experiencing severe bleed-
ing [26]. Notably, patients who did not undergo surgical repair did not survive. According
to the GUSTO-I trial, relying solely on medical therapy resulted in a 30-day mortality rate of
94%, which was twice as high as that observed in patients undergoing surgery [22]. Surgical
intervention is the conclusive treatment for VSR, although the optimal timing remains
uncertain. Two established surgical techniques for treating VSR involve either trimming
and suturing the infarcted myocardium or using the infarct exclusion method, where a
larger patch is sewn over the defect and infarcted area onto healthy myocardium [27,28].
Surgical intervention has demonstrated a significant decrease in in-hospital mortality rates,
dropping from 90% to 33-45% [29]. However, early surgical repair of VSD has presented
challenges, with a high 30-day operative mortality rate of 40% persisting over the last two
decades. This risk endures due to the delicate nature of infarcted myocardium in the early
stages post-MI, making surgical intervention challenging and increasing the likelihood of
recurrent septal defects. Conversely, a prolonged duration allows the heart to acclimate to
the hemodynamic consequences of the sudden left-to-right shunt, providing time for scar
maturation at the defect’s edges. However, this approach comes with the potential risk of
rupture extension and death while awaiting surgery. In a study led by Ronco et al., delayed
surgery seemed to be associated with enhanced survival rates. Consequently, early surgery
is recommended for all patients with severe heart failure that does not promptly respond
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to aggressive therapy. Still, in cases where patients positively respond to aggressive heart
failure therapy, consideration may be given to delayed elective surgical repair [30,31].

In modern medical practice, for individuals deemed high-risk for surgery, there are
now minimally invasive percutaneous techniques which can be performed under general
anesthesia, guided by both TEE and fluoroscopy. Measurements obtained through TEE
or balloon sizing play a crucial role in determining the appropriate size for the device.
By utilizing both arterial and venous access, the defect is typically traversed from left to
right, allowing for the insertion of a long sheath through which the occluder device can be
positioned precisely at the location of the VSR [32,33]. Due to the intricacies involving the
defect’s size and shape, hemodynamic stability, and various patient factors, decisions on
the optimal timing and method of closure should be made through heart team discussions.

2.3. Free Wall Rupture

Clinical Presentation: Originally, three classifications were assigned to Free Wall
Rupture (FWR): type 1 rupture is characterized by an abrupt tear, typically occurring
within the first 24 h of a MI; type 2 rupture entails a more gradual tear accompanied by
localized myocardial erosion; and type 3 rupture presents as the perforation of a thin-
walled aneurysm, typically occurring more than 7 days after an MI [34]. In the context
of mechanical complications following AMI, several risk factors have been identified.
Patients with characteristics such as transmural M], a single-vessel M], the first occurrence
of MI with poor collateral circulation, anterior and lateral Mls, hypertension, delayed
thrombolysis (beyond 14 h), a preference for fibrinolysis over PCI, the use of nonsteroidal
anti-inflammatory drugs, being female, and being over the age of 70 are at an increased
risk of developing FWR [35]. Individuals experiencing FWR may exhibit symptoms such
as dyspnea, chest pain, hemodynamic instability, or even cardiogenic shock. In more than
80% of instances, patients also present with cardiac tamponade. FWR episodes occurring
beyond the initial week may also be associated with activities involving straining, such as
coughing or vomiting. Clinical examinations might uncover significant findings such as an
elevated jugular venous pulse, diminished heart sounds, or pulsus paradoxus, suggesting
the potential presence of cardiac tamponade. Although less common, acute pulmonary
edema may also be observed [35,36].

Management: A TTE can reveal the presence of pericardial tamponade physiology
or effusion and confirm the presence of clots or exudative material within the pericardial
space, diagnostic of FWR. The initial management approach for FWR is identical to that for
acute cardiac tamponade. Pericardiocentesis may be considered as a temporary measure
if persistent hypotension is observed. However, this may be limited at times due to a
thrombus. The identification of a hemopericardium strongly supports the diagnosis of
FWR. To sustain hemodynamic stability during the interim period, mechanical support
using either an IABP or ECMO may be deemed necessary [37,38]. Surgery represents
the definitive treatment for FWR, with the goal of closing the tear and preventing the
recurrence of rupture or the development of a pseudoaneurysm, all while preserving
ventricular geometry. Various techniques, including sutured and sutureless approaches
employing adhesives or surgical glues, can be utilized. Closing the rupture line using
sutures in a linear fashion is possible when there is an ample supply of non-ischemic
myocardium. However, it becomes difficult when confronted with a substantial necrotic
area. An alternative approach is to directly suture a patch over the rupture and infarcted
myocardium, with the possibility of using surgical glue to attach the patch to healthy
myocardium, especially in the absence of active bleeding. The less common method
involves infarct excision coupled with either direct suture or patch closure [38]. When
surgery is not a viable option for patients, medical management might be the only available
course of action. Nevertheless, the mortality rates for patients treated solely with medical
approaches during their hospital stay are exceptionally elevated, reaching up to 90%, in
stark contrast to the approximately 50% mortality rate observed in those who undergo
surgery [23].
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2.4. True and Pseudoaneurysms

A pseudoaneurysm occurs when the ventricular wall ruptures, but it is confined by
the pericardium and fibrous tissue, lacking myocardial tissue. Conversely, a true aneurysm
is a noncontractile bulge originating from the ventricle that involves all the layers of the
myocardial wall.

Clinical Features: Individuals with pseudoaneurysms may manifest symptoms such
as dyspnea, chest pain, palpitations, or cardiac tamponade or may even be identified
incidentally [39]. In contrast, true aneurysms typically arise within the initial two weeks
following an MI due to myocardial necrosis. Modern revascularization methods have
mitigated the extent of myocardial necrosis, consequently reducing the occurrence of true
aneurysms [40]. Authentic aneurysms may exhibit symptoms such as angina, heart failure,
ventricular tachycardia, or the presence of a LV thrombus. During a physical examination,
one may observe a distinct diffuse apical impulse or the existence of a third or fourth heart
sound. ECG results displaying Q waves align with the location of the aneurysm, and
there might be prolonged ST-segment elevation [41]. In contrast, pseudoaneurysms usually
reveal heart failure as the predominant symptom, although they can also exhibit angina or
be asymptomatic.

Management: TTE is commonly the initial imaging method employed. A pseudoa-
neurysm is usually identified by a narrow neck, in contrast to a true aneurysm, which
typically exhibits a wider neck. Differentiating between a pseudoaneurysm and a true
aneurysm can be challenging at times. In such cases, further assessment using cardiac com-
puted tomography or magnetic resonance imaging becomes valuable for both discerning
between the two pathologies and elucidating the anatomical details. Cardiac MRI, due
to its superior spatial resolution, exhibits greater sensitivity and specificity in detecting
pseudoaneurysms compared to TTE. Specifically, the lack of delayed enhancement within
the aneurysm’s sac on cardiac MRI, coupled with the presence of delayed enhancement in
the pericardium, strongly indicates the presence of a pseudoaneurysm [42]. Additionally,
pseudoaneurysms tend to appear more frequently on the posterior or lateral wall, while
true aneurysms are more prone to occur on the anterior wall or apex [43]. Pseudoaneurysms
pose a significant risk of expanding and rupturing, necessitating surgical intervention. Rec-
ommended surgical methods encompass directly closing the defect with sutures or utilizing
a patch closure over an area of viable myocardium [44]. A more specific consideration
for true aneurysms involves the use of preventive anticoagulation to minimize the risk of
systemic embolization associated with LV thrombus. However, the optimal management
strategy remains uncertain. Apart from this aspect, the medical management aligns with
conventional heart failure treatment. The Coronary Artery Surgery Study (CASS) registry
demonstrated comparable outcomes between patients receiving medical treatment and
those opting for surgery, a 90% survival rate at one year and a 71% survival rate at four
years, showing no significant difference compared to surgically treated patients with equiv-
alent left ventricular dysfunction [45]. Currently, the recommendation is to simultaneously
remove an aneurysm while performing coronary artery bypass grafting (CABG), particu-
larly in instances of a sizable aneurysm. This is especially advocated when there is a risk of
rupture, the presence of a significant thrombus, or if the aneurysm contributes to recurrent
arrhythmias [46].

2.5. Left Ventricular Failure and Cardiogenic Shock

Clinical Presentation: The incidence of cardiogenic shock following a Ml is approx-
imately 6% in cases of ST-segment elevation myocardial infarction (STEMI) and around
3% in non-ST-segment elevation myocardial infarction (NSTEMI). Several risk factors con-
tribute to the development of cardiogenic shock post-MlI, including anterior MI, left bundle
branch block (LBBB), a history of prior MI, the presence of three-vessel disease, advanced
age, hypertension, diabetes mellitus, and the occurrence of other mechanical complications.
Cardiogenic shock can rapidly ensue after an MI, with around 50% of STEMI patients
experiencing it within 6 h and 75% within 24 h. For NSTEMI, cardiogenic shock typically
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arises between 72 to 96 h post-MI. Clinically, cardiogenic shock is characterized by new
chest pain, a cold and wet physiological state, hypotension, tachycardia, dyspnea, jugular
venous distension, rales, and the emergence of a new murmur [47].

Management: TTE plays a pivotal role in providing a comprehensive view of cardiac
function and structural abnormalities, aiding in the identification of factors contributing to
cardiogenic shock. Additionally, pulmonary artery catheterization (PAC) proves valuable,
particularly when the cardiac index (CI) falls below 2.2 and the pulmonary capillary wedge
pressure (PCWP) exceeds 18, indicative of compromised cardiac output and increased
left ventricular filling pressures. Beyond these cardiac-specific measures, the assessment
of end-organ perfusion status, including the presence of lactic acidosis and acute kidney
injury (AKI), is crucial in confirming the systemic impact of cardiogenic shock and guiding
appropriate interventions. Patients facing mechanical complications post-myocardial in-
farction are particularly susceptible to progressing towards refractory cardiogenic shock.
In the SHOCK trial registry, these cases represented 12% of individuals presenting with
cardiogenic shock. For individuals in such conditions, mechanical circulatory support
options include Impella, IABP, and ECMO. In the IABP-SHOCK?2 trial, which included
patients experiencing cardiogenic shock following acute myocardial infarction and un-
dergoing early revascularization, the use of intra-aortic balloon pump support did not
result in a decrease in 30-day mortality [48]. Despite the implementation of MCS, refractory
cardiogenic shock still carries a notably high mortality rate, ranging between 40% to 50%.
A meta-analysis focusing on the use of ECMO in cardiogenic shock revealed a survival rate
to discharge of only 43%. Despite these findings, recent guidelines from the International
Society for Heart and Lung Transplantation/Heart Failure Society of America and the
European Society of Cardiology endorsed Extracorporeal life support (ECLS) with class
II-C and IIa-C recommendations, respectively [49,50]. However, the recently published
ECLS-SHOCK trial, the largest prospective randomized study on ECLS to date, comparing
early unselective ECLS implantation with medical management in AMI-CS, demonstrated
no significant differences in 30-day mortality or secondary efficacy outcomes among the
417 patients analyzed. The results remained consistent across all specified subgroups.
Notably, ECLS did not contribute to faster or improved hemodynamic stabilization, and
it was associated with a higher incidence of complications, including peripheral ischemic
vascular complications (11% vs. 3.8%) and moderate/severe bleeding [51].

The perceived inefficacy of MCS in addressing cardiogenic shock associated with acute
myocardial infarction is linked to issues such as delays in commencing therapy, delays in
identifying patients, and a lack of standardized protocols for decision-making [52-54]. The
selection of primary endpoints for future research on MCS in cardiogenic shock is currently
a subject of discussion. Although short-term all-cause mortality is conventionally viewed
as the gold standard, experts propose the exploration of continuous hierarchical composite
endpoints, including rates of patients alive and free from organ support, global rank scores,
or days spent alive and outside the hospital. It is essential to incorporate the absence of
myocardial recovery and device failure as integral components of the primary endpoint
when assessing MCS. Subsequent randomized controlled trials may center on customized
interventions designed for specific stages of cardiogenic shock (D/E) [55].

2.6. Right Ventricular Myocardial Infarction

Clinical Presentation: Right ventricular myocardial infarction (RVMI) frequently co-
exists with the acute infarction of the inferior wall of the left ventricle, observed in over
one-third of these instances. The primary cause of the majority of right ventricular infarcts is
a blockage of the proximal right coronary artery. The suspicion of right ventricular myocar-
dial infarction (RVMI) becomes pronounced when a patient exhibits hypotension, elevated
jugular venous pressure (distended neck veins), and clear lung fields, alongside indications
of an inferior wall infarction and ST-elevation in lead V4R on the 12-lead ECG [56].

Management: In general, the management approach for patients with RVMI aligns
with that for acute STEML This involves the early administration of dual oral antiplatelet
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therapy (combining aspirin with a platelet P2Y12 receptor blocker) and statin therapy, along
with anticoagulants. However, caution is advised when considering drugs that reduce
preload such as nitrates or diuretics, beta blockers, or that decrease contractility such as
calcium channel blockers. Swift initiation of reperfusion, particularly through primary
PCI, is crucial and should be prioritized [57]. For patients exhibiting signs of low cardiac
output, clear lung fields, and normal or low jugular venous pressure, administering small
boluses of normal saline is recommended. It is advised to avoid medications that reduce
preload, such as nitrates or opioids. In cases where persistent hypotension persists despite
efforts to optimize right ventricular preload with normal saline boluses, the addition of
dopamine is suggested. Patients primarily experiencing RVMI do not show improvement
with afterload-reducing therapy using either an IABP or vasodilating agents. However, in
some instances where there is increased right ventricular afterload due to LV dysfunction,
the hemodynamic profile is influenced by biventricular dysfunction. In such scenarios, the
use of an IABP or, in rare cases, vasodilating agents, may enhance the hemodynamic profile.
Recognizing that bradycardia and atrioventricular desynchrony can swiftly exacerbate the
hemodynamic status of patients with RVMI, early interventions to correct these electrical
abnormalities are crucial. The criteria for employing atropine and temporary transvenous
pacing mirror those for the broader population of patients with myocardial infarction [58].

2.7. Dynamic Left Ventricular Outflow Tract Obstruction

Clinical Presentation: Historically, dynamic left ventricular outflow tract (LVOT)
obstruction was considered characteristic of hypertrophic obstructive cardiomyopathy,
particularly in cases with isolated asymmetric septal hypertrophy and systolic anterior
motion (SAM) of the mitral valve. However, recent studies have highlighted the occurrence
of dynamic LVOT obstruction during acute coronary insufficiency in ventricles without
substantial myocardial hypertrophy. In these instances, the LVOT gradient was observed to
resolve upon the resolution of the ischemic syndrome [59]. In individuals presenting with
hemodynamic instability and potential STEMLI, it is crucial to conduct a clinical examination
to identify signs consistent with subaortic stenosis. If the patient is hypotensive, a bisferiens
pulse may not be apparent, and the apex could be silent. While MR features may be
more prominent, the presence of a sustained apical heave and a distinct ejection murmur,
particularly audible in the left third intercostal space, should raise suspicion of LVOT
obstruction [60].

Management: If a murmur indicative of LVOT obstruction is identified, an echocardio-
gram should be promptly conducted. However, to avoid delays in the early diagnosis and
relief of coronary occlusions, catheterization may be the initial diagnostic approach. If coro-
nary catheterization reveals no significant lesions, an assessment of left ventriculography
and catheter pullback gradients can be useful. Despite the absence of significant coronary
lesions, hypotension may persist due to increasing gradients across the LVOT. Regardless
of the coronary anatomy and interventions performed, a repeat echocardiogram should be
considered if an ejection murmur is detected along with hemodynamic compromise [60].
Intravenous fluids can be beneficial by increasing intravascular volume and LV volumes,
thereby reducing mitral SAM. Coronary revascularization is essential for improving the
contractility of apical segments and mitigating basal hypercontractility. In scenarios where
LVOT obstruction is not suspected, the escalation of inotropic agents may be considered,
with further decompensation potentially attributed to STEMI-related LV dysfunction. Even
in the absence of significant coronary lesions, this escalation could elevate wall stress in
the subendocardium enough to cause the leakage of cardiac biomarkers indicative of ML
The use of an IABP has the potential to induce or worsen LVOT obstruction by reducing
afterload. Phenylephrine, by selectively improving vascular tone, may help reduce LVOT
obstruction. (-blockers can be advantageous in reducing LVOT gradients by diminish-
ing basal hypercontractility, enhancing LV filling and size, and lowering heart rate. Non
dihydropyridine calcium channel blockers may be considered if beta blockers are con-
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traindicated. Targeting a heart rate below 60 to 70 beats per minute should ensure adequate
cardiac inhibition and a reduction in LVOT obstruction [61,62].

3. Electrical Complications

The primary mechanism behind arrhythmias is re-entry, which arises from the electri-
cal irregularities within the ischemic myocardium. Arrhythmias related to reperfusion occur
due to the removal of various ions such as potassium, lactate, and metabolic substances
which have accumulated in the ischemic area. These arrhythmias result in unfavorable
hemodynamic effects, particularly in patients with LV dysfunction, as they exhibit a rela-
tively consistent stroke volume and depend on variations in heart rate to adjust cardiac
output. Prior to the establishment of coronary care units, primary ventricular arrhythmias
were the primary cause of mortality in individuals experiencing AMI [63].

3.1. Atrial Tachyarrhythmias

Clinical Presentation: Among individuals experiencing AMI, sinus tachycardia and
various atrial tachyarrhythmias, including atrial extrasystoles, atrial flutter (AFL), atrial fib-
rillation (AF), and paroxysmal supraventricular tachycardias (SVT), are relatively common,
affecting over one-third of AMI patients. Both sinus tachycardia and SVTs are considered
adverse prognostic features due to their detrimental impact on myocardial oxygen con-
sumption and supply. They often coexist with other negative prognostic factors such as LV
dysfunction, congestive heart failure, atrial distention, and hypoxemia [64]. Various factors
can induce sinus tachycardia, including ongoing pain, anxiety, LV failure, fever, pericarditis,
hypovolemia, pulmonary embolism (PE), and the use of heart-stimulating drugs such as
atropine, epinephrine, or dopamine. This condition leads to an increase in myocardial
oxygen usage and a decrease in the time available for coronary perfusion, thereby exacer-
bating myocardial ischemia. When sinus tachycardia persists, it might indicate ongoing
heart failure, signaling a concerning prognosis with an increased risk of mortality [65].
AFL and AF typically occur temporarily due to increased sympathetic stimulation of the
atria, ventricular failure, pericardial inflammation, and ischemic injury to the atria. The
increased ventricular rate and decreased contribution of the LA to LV filling result in a
notable decrease in cardiac output. As a result, AF is linked to heightened mortality and an
increased risk of stroke, particularly in patients with anterior wall MI [66,67].

Management: In the management of SVTs, the first measures include identifying
and addressing potential triggers, such as stress, discomfort, LV failure, hypotension, and
atrial distension. When dealing with sinus tachycardia, intravenous administration of
-adrenergic blockers is advised for individuals lacking signs of cardiac failure or con-
traindications [68]. In situations where cardiac failure is suspected, the therapy should be
guided by invasive hemodynamic monitoring. The primary strategy for addressing AF
consists of controlling the heart rate using intravenous diltiazem or esmolol. In situations
of hemodynamic instability, prompt transthoracic cardioversion may be necessary. If AF
has endured for more than 48 h, or if the duration is uncertain, cardioversion ideally should
be preceded by TEE to eliminate the possibility of a LA thrombus. For patients stable
in terms of hemodynamics, cardioversion can be accomplished through pharmacological
means (utilizing amiodarone, procainamide, or ibutilide) or via electrical cardioversion.
To prevent thromboembolic complications, therapeutic anticoagulation is essential for at
least 3 weeks before and an additional 4 weeks after cardioversion, particularly if AF has
persisted for more than 48 h. Cardioversion can be carried out without anticoagulation if
the AF’s duration is less than 48 h. Digoxin remains the preferred medication for atrial fib-
rillation or flutter in individuals with severe left ventricular dysfunction, while employing
overdrive atrial pacing techniques may prove beneficial for stubborn cases of atrial flutter.
Additionally, intravenously administered procainamide may be employed for chemical
cardioversion or to prevent the recurrence of atrial arrhythmias. Other class IA agents
may be considered for long-term therapy if needed. However, caution is recommended
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with class IC agents due to potential adverse effects on survival in patients treated for
ventricular arrhythmias after acute myocardial infarction (AMI) [69,70].

3.2. Ventricular Tachyarrhythmias

Clinical Presentation: Non-sustained ventricular tachycardia (NSVT) occurring early
after presentation does not appear to be associated with an elevated risk of mortality.
Ventricular tachycardia that arises later in the course of AMI is more common in indi-
viduals with transmural infarction and LV dysfunction. Additionally, it is more likely
to be sustained, leading to significant hemodynamic deterioration and an increased risk
of both short-term and long-term mortality. Ventricular fibrillation (VF) can manifest in
three scenarios among hospitalized AMI patients. Primary VF occurs suddenly without
prior signs or symptoms of LV failure. Secondary VF typically marks the culmination of a
progressive decline associated with LV failure and cardiogenic shock. Late VFE, appearing
more than 48 h after AMI, is primarily observed in patients with extensive infarcts and LV
dysfunction [71,72].

Management: Promptly halting persistent ventricular tachycardia in patients with
AMI through cardioversion or defibrillation is essential. This not only enhances LV function
but also aids in averting progression into ventricular fibrillation. Focus should be given
to actively correcting electrolyte imbalances, such as hypokalemia, hypocalcemia, and
hypomagnesemia. The use of magnesium supplementation has been linked to a significant
decrease in ventricular ectopic activity, and it is generally well-tolerated with minimal side
effects [73]. Patients experiencing recurrent or refractory VI may be candidates for spe-
cialized interventions, such as the implantation of an automatic implantable cardioverter-
defibrillator (AICD) or surgical procedures. Numerous trials incorporating individuals who
have experienced AMI in their study cohorts have demonstrated noteworthy reductions in
mortality for patients randomly assigned to implantable cardioverter-defibrillator (ICD)
placement compared to those receiving conventional medical treatment. Currently, the
proactive recommendation for ICD implantation post-AMI applies to patients with a left
ventricular ejection fraction (LVEF) below 35%, at least 40 days after AMI, and exhibiting
New York Heart Association (NYHA) class II or III symptoms. Swift efforts to achieve
revascularization through angioplasty or CABG can effectively manage refractory VT. The
treatment of VF involves rapid, unsynchronized electrical countershock, delivering at least
200 to 300 joules. Intravenous amiodarone can be employed to interrupt recurrent episodes
successfully. In instances where synchronized cardiac electrical activity is restored but
contraction remains ineffective, extensive myocardial ischemia or necrosis, or rupture of
the ventricular free wall or septum, is the usual culprit [74,75].

3.3. Bradyarrhythmia’s

Clinical Presentation: Sinus bradycardia commonly presents in individuals with
infero-posterior wall MI and is usually associated with increased vagal tone. Ischemic
injury at different levels of the conduction system can lead to atrioventricular (AV) and
intraventricular blocks. The prevalence of AV block, excluding bundle branch block (BBB),
in patients experiencing AMI is estimated to range from 12 to 25% [76]. Second-degree
AV block, especially Type I, typically does not affect survival and is frequently linked to
RCA occlusion, arising from ischemia in the AV node. Type II second-degree block often
originates below the His bundle [77]. Complete (third-degree) AV block (CHB) may occur
in patients with anterior wall myocardial infarction (AWMI) and inferior wall myocardial
infarction (IWMI) [78]. CHB in IWMI is typically transient and results from intranodal
or supra-nodal lesions. In AWMI, CHB may arise suddenly post-AMI, often preceded by
intraventricular block and Type II AV block. Patients with AWMI and CHB may exhibit
unstable escape rhythms with wide QRS complexes and rates below 40 bpm, leading to
ventricular asystole. CHB in AWMI is associated with extensive septal necrosis involving
the bundle branches [79]. Intraventricular block, pre-existing BBB or divisional blocks less
frequently result in CHB in individuals with STEML. Isolated fascicular blocks are less prone
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to advancing to CHB. Nevertheless, a standalone right bundle branch block (RBBB) can
advance to AV block, particularly when coupled with anteroseptal infarction, heightening
the risk of mortality in patients with AWMI [80]. Bi-fascicular block, such as RBBB with left
anterior or posterior fascicular block, or with left bundle branch block (LBBB), combined
with first-degree AV block, poses an elevated risk of progressing to CHB, severe pump
failure, and heightened mortality. This situation often necessitates temporary pacing.

Management: The management of first-degree AV block typically does not require
specific intervention. However, caution is advised when using beta blockers and calcium
antagonists (excluding nifedipine) due to the potential exacerbation of ischemic injury
upon discontinuation during an AML. If first-degree AV block coincides with sinus brady-
cardia and hypotension, the administration of atropine may be contemplated. Intravenous
administration of atropine is advised, starting with low doses between 0.3 mg and 2.0 mg.
The use of high atropine doses should be approached cautiously, as it may eliminate vagal
overactivity, potentially revealing latent sympathetic hyperactivity and leading to sinus
tachycardia and ventricular arrhythmias [81]. Continuous electrocardiographic monitoring
is imperative to detect any potential progression to higher degrees of block.

In the case of second-degree AV block, targeted therapy with atropine is deemed
appropriate if the patient displays symptoms, experiences a ventricular rate below 50 bpm,
develops premature ventricular contractions (PVCs), or manifests BBBs [82]. In individ-
uals experiencing infero-posterior MI, the approach to managing proximal conduction
disturbances is typically more conservative compared to those with AWMI and conduction
system disease. In cases of acute AWMI with CHB, temporary pacing is advantageous
in averting transient hypotension and asystole. However, practical observations indicate
that almost all patients with CHB tend to have better outcomes with temporary pacing,
even in the absence of a confirmed survival advantage [83]. The 2018 ACC/AHA/HRS
guidelines endorse careful consideration and recommend avoiding early permanent pacing
(<72 h) in patients with acute myocardial infarction and AV blocks [84]. However, if CHB
persists during the hospitalization of a patient with AMI, particularly in situations of
markedly impaired sinus node function, or if there are instances of intermittent type II
second- or third-degree block, permanent pacemaker (PPM) insertion may be required.
Prophylactic pacing is recommended for patients with BBB who are considered at high risk
for developing high-degree AV block [85].

4. Ischemic Complications

Clinical features: Differentiating between post-infarction angina or recurrent angina
and non-ischemic causes presents a significant challenge for clinicians. Recurrent post-
infarction angina may arise due to reasons such as extension of the infarct, reinfarction
in a different area, or re-occlusion of the artery related to the initial infarction [86]. The
extension of the infarct, marked by transient nonperfusion, results in additional myocardial
necrosis, while infarct expansion involves an increase in the proportion of the left ventricle’s
surface area occupied by necrotic myocardium. This expansion leads to thinning of the
infarcted wall, cavity dilatation, and distortion of ventricular topography. Clinical features
indicative of infarct extension encompasses chest pain, increased congestive heart failure,
hypotension, and ECG ST-T wave changes. While infarct extension occurs less frequently,
its ramifications, notably ventricular dilatation, can have a substantial impact on the
patient’s trajectory post-infarction by placing increased work demands on the surviving
myocardium. On the other hand, infarct expansion, a more common complication, can
result in cardiac dysfunction through acute LV dilatation [87]. Studies utilizing precordial
ST-segment mapping, indicate that acute transmural myocardial infarct extension happens
in approximately 80 percent of patients within six days following an AMI [88].

Management: The recurrence of infarction within the initial 18 to 24 h following
AMI should raise strong suspicions when there is a repeated ST-segment elevation on
the ECG. Beyond this timeframe, the diagnosis of recurrent infarction can be established
through the re-elevation of cardiac markers or the emergence of new Q waves on the
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ECG. Post-infarction angina is a significant concern due to its correlation with increased
morbidity and mortality. Urgent catheterization and PCI are recommended when the
12-lead ECG reveals ST-segment re-elevation. In situations where PCI is not available,
repeat fibrinolysis may be considered. Hemodynamically stable symptomatic patients are
managed with nitroglycerine and beta-blockade. However, if hypotension, heart failure,
or ventricular arrhythmias develop during recurrent ischemia, urgent catheterization and
revascularization are warranted [89].

5. Pericardial Complications

Clinical features: In the contemporary era marked by primary PCI, instances of early
infarct-associated pericarditis have become relatively uncommon, typically surfacing within
the initial 4 days after AMI and often displaying a transient nature. Late pericarditis, linked
to Dressler syndrome, tends to manifest around 1-2 weeks post-AMI. Pericardial effusion,
infrequently encountered, is more prevalent in cases of late or failed reperfusion or when
confronted with larger infarct sizes. Early pericarditis arises due to transmural necrosis,
leading to inflammation of the adjacent pericardium, while Dressler syndrome’s pathophys-
iology likely involves a hypersensitivity immune reaction following the release of cardiac
antigens during AMI [90]. Diagnostic criteria for pericarditis encompass pleuritic chest
pain, pericardial friction rub, suggestive ECG changes, and new or worsening pericardial
effusion. Although electrocardiogram changes may be overshadowed by those attributable
to AMI, persistent upright T waves and new-onset positive T waves may be observed.
Inflammatory markers often rise, and troponin levels may increase due to epicardial in-
volvement [91]. Notably, pericarditis associated with a larger infarct size does not carry
independent prognostic significance.

Management: The management of early post-infarction pericarditis typically involves
aspirin administered every 8-12 h, tailored to the clinical case, with prolonged treat-
ment beyond 5-7 days rarely necessary. Late pericarditis is first-line treated with aspirin
(500-1000 mg every 6-8 h) until symptomatic improvement, followed by a tapering reg-
imen. Colchicine, as an adjunct, is often administered at a dosage of 0.5 mg every 12 h
for a duration of 3 months. Despite its association with a larger infarct size, pericarditis
does not independently affect prognosis. In the presence of left ventricular thrombus,
AF, or other indications, the use of antithrombotic and/or anticoagulants in patients with
post-infarction pericarditis, with or without pericardial effusion, appears to be safe. Overall,
the management approach is tailored to the specific clinical presentation and timing of
pericarditis in the post-AMI setting [92-94].

6. Thromboembolic Complications

Clinical features: Clinically apparent systemic embolism following an Ml is estimated
to occur in approximately 2% of cases, with the presence of mural thrombus noted in around
5% of cases, particularly elevated in patients experiencing AWMI [95]. The manifestations
of systemic embolism often include strokes, although patients may also encounter limb
ischemia, renal infarction, and mesenteric ischemia. The majority of systemic embolic events
occur within the initial 10 days post-AMI. Historical data from both pre-thrombolytic and
thrombolytic eras indicate that LV thrombus was present in 7—46% of acute myocardial
infarction cases [96,97]. Glueck et al.’s study, based on 151 autopsied cases, revealed a
common occurrence of embolic phenomena in myocardial infarction patients, and this
occurrence was significantly reduced with the administration of anticoagulant drugs [98]. In
a study conducted by Latucca et al., the impact of anticoagulation therapy on the evolution
of left ventricular thrombus was quantified through sequential imaging. The presence
of LV thrombus was linked to a notably elevated risk of major adverse cardiac events at
37.1% and mortality at 18.9%. Anticoagulant use was correlated with complete regression
of LV thrombus in 62.3% of patients, with a median time of 103 days [99]. Although
the highest risk for LV thrombus formation is within the first 3 months following AMI,
the potential for cerebral emboli persists in patients with chronic LV dysfunction. Risk
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factors for LV thrombus development include large infarct sizes, severe apical asynergy, LV
aneurysm, and anterior myocardial infarction [100]. Another significant nonatherosclerotic
contributor to AMI is coronary artery embolism (CE). In a study conducted by Shibata et al.,
the prevalence of CE in patients with de novo AMI was 2.9%, with AF being the common
cause of CE. The all-cause death and cardiac death during follow-up of these patients were
significantly higher in the CE group, which represents a high-risk subpopulation of patients
with AMI requiring close follow-up [101].

Management: Given the often-unheralded nature of these thromboembolic events, the
most effective medical approach involves the adequate management of high-risk groups.
The timing of LV thrombus assessment is crucial, ensuring that assessment is not too soon
after the onset of myocardial infarction to avoid missing LV thrombus formation. TTE is
commonly used for assessment, but up to 46% of echocardiograms may be inconclusive.
Delay enhancement cardiac magnetic resonance imaging (CMR) is now considered the gold
standard for assessment. The treatment involves administering intravenous heparin for a
duration of 3 to 4 days to achieve an activated partial thromboplastin time 1.5 to 2 times
that of the control values. Subsequently, oral anticoagulation is recommended for a period
ranging from 3 to 6 months for patients with mural thrombus and those with large akinetic
areas [102].

7. Conclusions

The complications of AMI represent high-acuity, time-sensitive conditions associated
with elevated morbidity and mortality rates. Early recognition and decisive intervention
remain the cornerstones in the quest for optimal patient outcomes. Given the dramatic
presentations associated with complications and the urgent need for intervention, early
revascularization has become the standard of care, resulting in a reduced incidence of
complications of less than 0.1%. Furthermore, emphasizing patient-centered planning and
the judicious timing of appropriate interventions, including surgical procedures, percuta-
neous technologies, and mechanical circulatory support involvement, holds the potential
to significantly enhance both disease- and patient-centered outcomes (Table 1). As a result,
a multidisciplinary heart team emerges as a crucial entity in guiding the care of patients
post-AMI with complications.

Table 1. Summary of Major Complications of Acute Myocardial Infarction.

Complication Presentation Diagnosis Management
Mechanical Complications
Typically, 7 days post-MIL

Papillary Muscle Most common clinical CXR: acute pulmonary edema. Management of acute pulmonary
Rupture presentation: acute pulmonary TTE, TEE: ruptured papillary ~ edema.
Ischemic Mitral edema. muscle, flail leaflets, and Surgical intervention: mitral
Regurgitation Most commonly involved regurgitant jet. valve replacement.
territory: RCA.
Medical therapy:
inotropes/diuretics.
iR R e e L TTE, TEE presence, location, Unst:able'patlents:. TIABP / ECMO.
. and size of the rupture. Surgical intervention: trimming
Ventricular Septal Secondary peak at 3 to 5 days. . f . .
. . Coronary angiogram: confirm  and suturing the infarcted
Rupture Symptoms: chest pain, dyspnea, . 2 . .
. . . VSR suspicion via left myocardium using a larger patch.
and signs of cardiogenic shock. . . i
ventriculogram. Percutaneous techniques: for

high-risk surgery patients, guided
by TEE and fluoroscopy.
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Complication

Free Wall Rupture

Table 1. Cont.

Presentation

Type 1: Sudden tear within 24 h.
Type 2: gradual tear with
localized erosion.

Type 3: perforation of a
thin-walled aneurysm after 7
days.

Symptoms: chest pain,
restlessness, hemodynamic
instability, and cardiac
tamponade.

Usually within 2 weeks post-ML
Pseudoaneurysm symptoms:
chest pain, dyspnea, or cardiac

Diagnosis

TTE: pericardial effusion,
tamponade physiology, or

hemopericardium.

TTE: pseudoaneurysms show

narrow neck and

Management

Addressing acute tamponade:
pericardiocentesis.

If hypotensive: IABP/ECMO.
Definitive: surgical management.

Pseudoaneurysm: surgical direct

posterior/lateral location and  closure.

LV Failure and
Cardiogenic Shock

Right Ventricular
Myocardial Infarction

Dynamic Left
Ventricular Outflow
Tract Obstruction

impulse.

Symptoms: new chest pain, a cold
and wet physiological state,
hypotension, tachycardia,
dyspnea, jugular venous
distension, rales, and the
emergence of a new murmur.
Symptoms: hypotension, elevated
jugular venous pressure, clear
lung fields, indications of inferior
wall infarction.

Historically associated with
hypertrophic obstructive
cardiomyopathy.

Other symptoms: hemodynamic
instability, potential STEMI, and
signs such as sustained apical
heave and an ejection murmur.

TTE: cardiac function,

structural abnormalities.

PAC.

ECG: ST-elevation in lead V4R.
Angiogram: blockage of the

proximal right coronary
artery.

TTE.

True and tamponade. . . .
. true aneurysms seen as wider ~ True aneurysms: anticoagulation
Pseudoaneurysms True aneurysms manifest as . . .
. . . neck and anterior/apical Large aneurysm: surgical
angina, heart failure, ventricular . . .
tachveardia. or a visible apical location. resection during CABG.
Y ! p Cardiac CT or MRI.

Medical: diuretics.
Refractory shock:
IABP /Impella/ECMO.

STEMI management: DAPT,
statin, anticoagulation, primary
PCI.

Intravenous fluids.
Coronary revascularization.
Inotropic agents.

BB, CCB.

Phenylephrine, IABP.

Electrical Complications

Atrial
Tachyarrhythmia

Ventricular
Tachyarrhythmia

Bradyarrhythmia

Ischemic Complications

Post-infarction Angina

AFib and Aflutter are common.

NSVT—tolerable.
VT, VFib—significant short-term
and long-term mortality risks.

Commonly seen in infer posterior
wall MI.

Suspicion of recurrent infarction
within the initial 18 to 24 h
post-AML

Symptoms: chest pain, congestive
heart failure, hypotension.

ECG.

ECG: sinus bradycardia and

AV blocks.

ECG: ST-T wave changes, new

Q waves.
Lab: cardiac biomarker
elevation.

Rate control: BB.

Unstable: cardioversion.
Anticoagulation.

Unstable Vt/VFib: rapid
unsynchronized electrical
countershock.

Electrolyte replenishment.
Recurrent or refractory
ventricular tachycardia: CD.

1st degree AVB: no intervention.
2nd degree AVB: atropine for
symptomatic patients.

Complete AVB: temporary pacing,
PPM.

Urgent PCL

If PCI unavailable—fibrinolysis
can be considered.

Medical: BB, nitroglycerine.
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Table 1. Cont.

Complication Presentation Diagnosis Management

Pericardial Complications

Early infarct-associated
pericarditis: initial 4 days after

AMI ECG: upright T waves and Early post-infarction pericarditis:
Post-infarction Dres.sler syndrome/late new-onset positive T waves. aspirin every 8-12 h.
Pericarditis cricardi tiysr'l 1-2 weeks post-AMI Lab: troponin, inflammatory ~ Late pericarditis: aspirin until

P ’ P °  markers. symptomatic improvement.

Symptoms: pleuritic chest pain,
pericardial friction rub.

Most frequently within the initial
10 days post-AMI.

Signs: strokes, limb ischemia,
renal infarction, and mesenteric
ischemia

TTE.
Cardiac MRI.

Systemic Embolism

and LV thrombus Anticoagulation.

Abbreviations: CXR: Chest X-Ray; TTE: Transthoracic Echocardiogram; TEE: Transesophageal Echocardiogram;
ECG: Electrocardiogram; LV: Left Ventricle; RCA: Right Coronary Artery; PCI: Percutaneous Coronary Inter-
vention; IABP: Intra-Aortic Balloon Pump; ECMO: Extracorporeal Membrane Oxygenation; CABG: Coronary
Artery Bypass Grafting; CT: Computed Tomography; MRI: Magnetic Resonance Imaging; PAC: Pulmonary Artery
Catheter; STEMI: ST-Elevation Myocardial Infarction.
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