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Abstract
Purpose of Review Although rare, the development of mechanical complications following an acute myocardial infarction 
is associated with a high morbidity and mortality. Here, we review the clinical features, diagnostic strategy, and treatment 
options for each of the mechanical complications, with a focus on the role of echocardiography.
Recent Findings The growth of percutaneous structural interventions worldwide has given rise to new non-surgical options 
for management of mechanical complications. As such, select patients may benefit from a novel use of these established 
treatment methods.
Summary A thorough understanding of the two-dimensional, three-dimensional, color Doppler, and spectral Doppler find-
ings for each mechanical complication is essential in recognizing major causes of hemodynamic decompensation after an 
acute myocardial infarction. Thereafter, echocardiography can aid in the selection and maintenance of mechanical circulatory 
support and potentially facilitate the use of a percutaneous intervention.

Keywords Papillary muscle rupture · Ventricular septal rupture · Free wall rupture · Pseudoaneurysm · Cardiogenic shock · 
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Introduction

Over recent decades, substantial progress has been made 
in the treatment of acute myocardial infarction (AMI) due 
to advances in coronary reperfusion and medical therapy. 
The advent of fibrinolytic therapy marked the onset of a 
reperfusion-focused era for ST-segment elevation myocar-
dial infarction (STEMI), leading to a noteworthy 40% reduc-
tion in the overall mortality rate [1]. The use of primary 
percutaneous coronary intervention (PCI) as the preferred 
treatment approach ushered in a further decline in both short 
and long-term AMI mortality [2, 3]. Moreover, widespread 
adoption and prompt utilization of primary PCI for AMI 
have also resulted in decreased rates of mechanical compli-
cations, affecting 0.27% of patients with STEMI and 0.06% 
of patients with non-STEMI. Unfortunately, in-hospital 

mortality in this population still remains extremely high—
42.4% and 18.0%, respectively [4•].

The recognition of mechanical complications is complex 
and necessitates a high clinical suspicion. The portabil-
ity, availability, and diagnostic yield of echocardiography 
make it the cornerstone of diagnosis (Table 1). However, 
inexperience or poor image quality can result in delays in 
establishing the correct diagnosis and subsequent treatment. 
This comprehensive review aims to provide a detailed over-
view of the use of echocardiography in the recognition and 
management of mechanical complications of AMI, spe-
cifically focusing on papillary muscle rupture (PMR), ven-
tricular septal rupture (VSR), free wall rupture (FWR), and 
pseudoaneurysms.

Papillary Muscle Rupture

Clinical Features

While the occurrence of acute severe mitral regurgita-
tion (MR) due to PMR has declined in the reperfusion era 
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(ranging from 0.05 to 0.26%), in-hospital mortality remains 
notably high (up to 40%) [5, 6]. Anatomically, chordae 
tendinae prevent the mitral valve from everting into the 
left atrium during systole. These chordae are attached to 
two papillary muscles: the anterolateral papillary muscle, 
which receives dual arterial supply from both the left ante-
rior descending artery (LAD) and the left circumflex coro-
nary artery (LCx), and the posteromedial papillary muscle, 
which receives a single blood supply either from the LCx 
or the right coronary artery (RCA), contingent upon left or 
right dominance [7]. As a result, posteromedial PMR is the 
dominant phenotype, typically in conjunction with inferior 
or lateral STEMI [7].

PMR usually occurs 2–7 days after AMI. Risk factors 
include older age, hypertension, and single-vessel occlu-
sion, while diabetes and prior MI are less common [8, 9]. 
Patients most typically present with the acute onset of pul-
monary edema combined with features of cardiogenic shock, 
including jugular venous distension (JVD), cool extremities, 
and hypotension with a narrow pulse pressure. While “clas-
sic” auscultatory findings of a holosystolic murmur (heard 

loudest at the apex) are characteristic for chronic severe MR, 
this can be elusive in the acute setting (both due to the clini-
cal environment and the rapid hemodynamic equalization 
of left atrial and left ventricular pressures). Indeed, in up to 
30% of patients with acute severe MR and AMI, no audible 
murmur is noted [10].

Echocardiography

Bedside echocardiography is critical for confirming the 
presence of PMR, while excluding other etiologies of acute 
MR and cardiogenic shock. While transthoracic echocardi-
ography (TTE) represents the first-line imaging modality 
for diagnosis, if clinical suspicion is high and TTE imag-
ing is suboptimal, transesophageal echocardiography (TEE) 
should be pursued.

Two-dimensional (2D) and three-dimensional (3D) echo-
cardiography will demonstrate a complete or partial thick-
ness tear of the papillary muscle. Complete thickness tears 
will show a flail component of mitral valve leaflet attached to 
chordae tendinae and a mobile segment of papillary muscle 

Table 1  Characteristic echocardiographic findings of mechanical complications after acute myocardial infarction

2D two-dimensional, 3D three-dimensional, CW continuous wave, EROA effective regurgitant orifice area, LA left atrium, LV left ventricle, MI 
myocardial infarction, PW pulsed wave, RV right ventricle, UEA ultrasound enhancing agent, VSR ventricular septal rupture, WMA wall motion 
abnormalities

2D/3D Color Doppler PW/CW Doppler

Papillary muscle rupture Mobile/torn papillary muscle
Mitral valve leaflet flail or prolapse

Large flow convergence
Jets may appear very eccentric
Do not rely exclusively on quantita-

tive metrics (e.g., EROA)
Vena contracta ≥ 7 mm
Color Doppler splay

Densely echogenic regurgitant 
profile

Triangular-shape profile
Peak velocity < 5 m/s
Pulmonary vein systolic flow 

reversal
Ventricular septal rupture Defect/discontinuity of the interven-

tricular septum
  • Anterior MI—usually simple, 

apical
  • Inferior MI—usually complex, 

posterobasal

LV to RV color flow
Turbulent flow during systole in the 

RV should raise suspicion for VSR

Systolic (or continuous) flow from 
the LV to the RV

Free wall rupture Defect/discontinuity of the free wall 
of the LV (or RV)

New pericardial effusion, par-
ticularly with spontaneous echo 
contrast or echodensities

Extravasated UEA (LV or RV) or 
agitated saline (RV only) in the 
pericardial space

Color flow through the rupture site 
into the pericardium

Pseudoaneurysm Typically narrow neck
Associated complex pericardial 

effusion (particularly with sponta-
neous echo contrast or echodensi-
ties)

Appearance of disrupted myocar-
dium

“To-and-fro” flow, if the orifice is 
narrow

 "To and fro" flow, if the orifice 
is narrow

All mechanical complications WMA in the infarct-related territory
Normal LA/LV size
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(Fig. 1, Supplemental Video 1). Conversely, partial thickness 
tears may demonstrate flail or prolapsed areas of the mitral 
valve with incomplete transection of the entire head of the 
muscle itself. Of note, unless the patient has pre-existing 
heart failure or a prior history of arrhythmia, left atrial (LA) 
and left ventricular (LV) sizes will typically be normal.

Even with difficult TTE imaging, color Doppler will typi-
cally clue the clinician into acute valvular regurgitation as 
the etiology of clinical decompensation. Large areas of flow 
convergence with a prominent vena contracta are often seen; 
however, careful attention must be paid to avoid underesti-
mating the extent of MR in eccentric jets (Fig. 1, Supple-
mental Video 2). In these cases, color Doppler splay may 
be a clue to the presence of significant MR [11]. It is worth 
noting that quantitative measures for valvular regurgitation 
(e.g., effective regurgitant orifice area, regurgitant volume) 
should not be exclusively relied upon in the context of signif-
icantly abnormal hemodynamics and cardiogenic shock [12].

Pulsed and continuous-wave Doppler can further corrobo-
rate the diagnosis of acute severe MR. Systolic flow reversal 
in the pulmonary veins has high specificity for severe MR 
[13]. Continuous-wave Doppler profiles of the MR jet will 
typically be densely echogenic, have a low peak velocity 
(< 5 m/s), and demonstrate an early peaking, asymmetric, 
triangular shape, representing rapid equalization of the LA 
and LV pressures in a noncompliant LA (Fig. 1C).

Treatment

While initial (and immediate) medical management of pul-
monary edema and cardiogenic shock is essential, definitive 
therapy for PMR is surgical. However, as previously noted, 
post-operative mortality may be as high as 40% [14]. As 
such, many patients are initiated on mechanical circulatory 
support (MCS) for stabilization (see “Temporary Mechani-
cal Circulatory Support” section).

Fig. 1  A–C Transthoracic echocardiography after a delayed presenta-
tion of an acute myocardial infarction demonstrating a flail posterior 
mitral valve leaflet with an associated ruptured papillary muscle (yel-
low arrow). There is severe, eccentrically directed mitral regurgita-
tion. Continuous-wave Doppler demonstrates a densely echogenic 
profile, with a low peak velocity (< 5  m/s) and an early peaking, 

asymmetric, triangular shape. D, E Transesophageal echocardiogra-
phy demonstrating flail segments of the anterior and posterior mitral 
valve leaflets with associated chordae tendinae and a ruptured pap-
illary muscle (yellow arrow). There is severe, eccentrically directed 
mitral regurgitation. Ao, aorta; LA, left atrium; LV, left ventricle
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In patients who may not be suitable for surgery, transcath-
eter edge-to-edge repair may be a viable option, although 
experience is limited to case series and case reports [14]. 
Unsurprisingly, these cases are often technically challeng-
ing, with large flail widths and flail gaps, necessitating mul-
tiple clips. Patients are also at risk for further decompensa-
tion from an acute decline in LV function due to increased 
afterload when MR is successfully reduced.

Ventricular Septal Rupture

Clinical Features

Like PMR, the development of VSR is quite uncommon 
after AMI (approximately 0.3% of patients) [4•]. Patho-
physiologically, absent (or delayed) reperfusion results in 
infarction of the interventricular septum and, ultimately, rup-
ture. Studies have demonstrated that this patient population 
has lower rates of well-developed collaterals in the infarct 
territory and higher rates of single vessel disease (versus tri-
ple vessel disease) when compared to patients without VSR 
[15]. These angiographic patterns support the protective role 
of collateral support in the infarct territory. As expected, 
VSR is less commonly observed following revascularization 
through PCI compared to thrombolytic therapy and lower in 
patients undergoing primary early PCI as opposed to delayed 
intervention [16].

When reperfusion is absent or delayed, the emergence 
of VSR follows a bimodal distribution. The risk is notably 
elevated within the initial 24 h and then again between 3 and 
5 days. Conversely, it is rarely observed beyond two weeks 
following a myocardial infarction (MI) [17]. Advanced age, 
anterior infarct location, female sex, lack of smoking his-
tory, hypertension, and no previous myocardial infarction are 
risk factors for VSR [18–21]. The lack of many traditional 
cardiovascular risk factors also supports the protective role 
of collateralized myocardium.

Clinical symptoms may vary from an incidentally dis-
covered murmur to pulmonary edema to frank circulatory 
collapse, primarily depending on the size of the VSR and the 
degree of left-to-right shunting. During physical examina-
tion, the distinctive murmur is characterized by its harsh, 
pansystolic quality and is typically audible at the left lower 
sternal border. It may be accompanied by a precordial thrill.

Echocardiography

VSR tends to relegate to specific areas of the interventricular 
septum based on the location of AMI (Fig. 2, Supplemen-
tal Video 3). Specifically, anterior MI tends to be associ-
ated with defects that are simple (i.e., occurring at the same 
level on both sides of the septum) and apically positioned. 

Conversely, inferior MI is associated with complex poster-
obasal defects that take serpiginous routes through a hem-
orrhagic and necrotic septum [16, 22]. As such, conduct-
ing a meticulous 2D and color Doppler echocardiographic 
assessment of these specific regions becomes paramount. 
This may require off-axis or non-traditional imaging in order 
to visualize the defect. In cases where image quality may be 
compromised, the use of ultrasound enhancing agents (UEA) 
or agitated saline may aid 2D echocardiographic assessment.

Color Doppler imaging typically demonstrates a shunt 
from the LV to the right ventricle (RV) through the VSR 
(Fig. 2, Supplemental Video 4). However, should TTE imag-
ing be challenging, the presence of turbulent systolic flow in 
the RV should lead to a high index of suspicion for a VSR, 
particularly in patients with hemodynamic instability and 
deteriorating clinical status. As such, careful color Doppler 
interrogation of the right ventricle (including on parasternal 
long axis and RV-focused apical 4 chamber views) should 
be undertaken after AMI.

Continuous-wave (CW) spectral Doppler assessment will 
demonstrate predominantly systolic flow from the LV into 
the RV. However, continuous (or near-continuous) shunting 
may be seen due to elevated LV diastolic pressure in the 
setting of AMI. Peak flow velocity across the site of rup-
ture measured by CW Doppler interrogation corresponds 
to the pressure gradient between the LV and RV and can 
be employed to estimate RV systolic pressure (RVSP). In 
the absence of LV outflow tract obstruction or aortic valve 
stenosis, the systolic blood pressure (SBP) would equal the 
LV systolic pressure, while the RVSP is calculated by sub-
tracting the pressure gradient between the LV and RV from 
the SBP.

Treatment

Given the high mortality rate associated with uncorrected 
defects (approaching 80% at 30 days), conservative medical 
therapy alone is limited to patients with hemodynamically 
insignificant defects or those with prohibitive surgical risk 
[16].

Surgical intervention stands as the definitive approach 
for addressing VSR, although the optimal timing remains 
uncertain. Findings from the Society of Thoracic Surgeons 
database showed that overall in-hospital or 30-day mortal-
ity for VSR repair was 43% but with a significant difference 
between mortality rates for repair performed before versus 
after 7 days from AMI (54% vs. 18%, respectively) [23]. The 
appropriate time to operate can be difficult to determine, 
as tissue friability is a concern for early repair, but delayed 
surgery also risks extension of the VSR and subsequent 
associated mortality. The improved outcome with delayed 
surgery may be related to one of two factors, including (1) 
evolution of the infarct with collagen deposition, resulting in 
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greater stability of the cardiac tissue allowing a more effec-
tive repair, or (2) survival bias (i.e., higher-risk patients with 
marked hemodynamic instability are operated on more emer-
gently). Like those with PMR, MCS has been utilized as a 
bridge for stabilization and is increasingly used to delay sur-
gery to improve rates of technical success (see “Temporary 
Mechanical Circulatory Support” section).

For patients deemed unsuitable for surgical VSD repair 
due to excessive risk, TEE-guided percutaneous closure 
has emerged as a treatment option (Fig.  3). Despite a 

procedural success rate of approximately 89% in special-
ized centers (varying between 80 and 100%), the associated 
in-hospital/30-day mortality is roughly 32% [24]. In hopes 
of mitigating the aforementioned, some experts recommend 
delayed percutaneous intervention to allow for tissue fibrosis 
and stability.

Patient selection and device sizing is highly dependent 
on the morphology and location of the VSR due to technical 
feasibility. Anatomical studies have demonstrated that only 
22% of VSR defects are exclusively confined to the septum 

Fig. 2  A, B Transthoracic echocardiography demonstrating ventricu-
lar septal rupture with a simple defect of the apical septum (yellow 
arrows) after a delayed presentation of an LAD ST-segment elevation 
myocardial infarction. Note the turbulent flow in the RV, a result of 
high velocity left-to-right shunting. C, D Transthoracic echocardi-
ography demonstrating ventricular septal rupture with a very large 

defect of the basal inferoseptum (yellow arrows) after a delayed 
presentation of an RCA ST-segment elevation myocardial infarction. 
Again, note the turbulent flow in the RV as a result of left-to-right 
shunting. LAD, left anterior descending artery; LV, left ventricle; 
RCA , right coronary artery; RV, right ventricle
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and only 50% of defects can be filled by the stem of the larg-
est available Amplatzer Muscular VSD occluder device (St. 
Jude Medical; St. Paul, MN) [24]. Percutaneous VSR closure 
is also associated with complications in up to 41% of cases, 
including device embolization, arrhythmias, hemolysis, and 
incomplete VSD occlusion necessitating subsequent surgical 
intervention [25]. Finally, TEE guidance for VSR closure is 
complex and requires specialized structural knowledge for 
echocardiographically guided sizing and positioning.

Free Wall Rupture

Clinical Features

While historically described as the most common mechani-
cal complication after AMI, the actual incidence of 
FWR remains elusive due to instances that manifest as 

out-of-hospital sudden cardiac death combined with the lack 
of routine autopsies. FWR predominantly occurs within the 
first 7 days following AMI, most commonly 3–5 days after 
initial symptoms [26].

In a study that evaluated predictors of FWR in reper-
fused AMI, multiple characteristics were identified, includ-
ing age > 70, female gender, anterior location, and treatment 
more than 2 h after symptom onset [27]. Treatment with PCI 
was also associated with a lower risk of FWR compared to 
thrombolysis [27]. Interestingly, in the SHOCK trial registry, 
patients with FWR were less likely to have a history of MI, 
raising the possibility that collateral circulation may offer 
myocardial protection [28].

Clinically, most patients will experience a sudden 
hemodynamic decompensation or cardiac arrest (the clas-
sically associated rhythm being pulseless electrical activ-
ity). In some cases, a friable infarct zone is associated with 
an oozing bloody pericardial effusion, which may manifest 

Fig. 3  A, B Transesophageal echocardiography demonstrating a 
simple ventricular septal rupture (yellow arrows) with left-to-right 
flow by color Doppler. C, D Percutaneous closure with a 24-mm 

Amplatzer post-infarct muscular VSD occluder device (yellow star) 
as seen by 2D and 3D transesophageal echocardiography. LV, left 
ventricle; RV, right ventricle; VSD, ventricular septal defect
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as a more gradual or delayed presentation. Given that 
FWR is inexorably linked to hemopericardium, signs and 
symptoms of pericardial irritation or tamponade should 
prompt an immediate evaluation (e.g., sudden onset chest 
pain, muffled heart sounds, new jugular venous distension, 
and diffuse ST-segment elevation on electrocardiogram).

Echocardiography

The diagnosis of FWR is most readily established by echo-
cardiography. Characteristically, the presence of a new 
complex pericardial effusion with spontaneous echo con-
trast or echodensities suggestive of thrombus is diagnostic 
(Fig. 4, Supplemental Video 5). However, the presence of 

Fig. 4  A, B Transthoracic echocardiogram showing right ventricular 
free wall rupture (yellow arrows) with color Doppler demonstrat-
ing flow through the defect. C With the injection of agitated saline, 
microbubbles can be seen passing through the right ventricular wall 

and into the pericardial space (orange arrowhead). D Echodense 
material in the pericardial space (red arrows), consistent with hemo-
pericardium due to free wall rupture. Ao, aorta; LV, left ventricle; RA, 
right atrium; RV, right ventricle
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any pericardial effusion on TTE accompanied by sudden 
hemodynamic compromise following an AMI should raise 
suspicion for the diagnosis. Echocardiographic features 
of tamponade may also be present and include right atrial 
collapse, diastolic collapse of the right ventricle, a dilated 
and non-collapsible inferior vena cava (IVC), and marked 
respiratory variation in mitral and tricuspid valve inflow 
velocities.

Color Doppler can be a useful adjunct in attempting to 
localize the rupture site (usually located at the juncture of 
normal and infarcted myocardium) and typically demon-
strates blood flow through the site of rupture and into the 
pericardial space (Fig. 4, Supplemental Video 6). However, 
these are often difficult to locate or may be sealed over (with 
thrombus) by the time of assessment. In cases where diag-
nostic uncertainty arises, UEA may be employed [29••]. 
Agitated saline contrast can also be used, but should be 
reserved for the primary assessment of RV rupture (Fig. 4). 
The detection of extravasated microbubble contrast within 
the pericardial space subsequently confirms the diagnosis of 
FWR. FWR may culminate in the development of a pseudoa-
neurysm due to containment facilitated by epicardial clots 
or pericardial adhesions.

Treatment

While emergency surgical repair is the definitive treat-
ment of choice of FWR, in-hospital mortality is substantial 
(35–66%) [29••]. For patients who suffer a cardiac arrest 
or for those who need temporary (i.e., peri-operative) sta-
bilization, emergent MCS with venoarterial extracorporeal 
membrane oxygenation (VA-ECMO) should be considered 
(see “Temporary Mechanical Circulatory Support” section). 
Medical therapy, including the use of pericardiocentesis for 
hemopericardium, is associated with abysmal outcomes, 
with in-hospital mortality reaching up to 90% [30, 31].

Left Ventricular Pseudoaneurysm 
and Aneurysm

Clinical Features

A pseudoaneurysm represents a FWR that is contained by 
the pericardium and fibrous tissue [7]. It typically involves 
the inferior or lateral walls and is hypothesized to result from 
the formation of dependent pericardial adhesions in patients 
convalescing in a recumbent position after AMI [22]. For 
patients who do not immediately decompensate from FWR, 
pseudoaneurysms can elude diagnosis for extended periods, 
stretching into months or longer. Evidence suggests that the 
risk of pseudoaneurysm rupture is elevated during the initial 
3 months following an infarction, subsequently transitioning 

into a chronic and stable state, exhibiting a propensity to 
remain intact over the course of several years [32]. As such, 
patient presentations vary widely, from incidental discovery 
to symptoms of chronic heart failure.

LV aneurysms, on the other hand, are thinned, dyskinetic 
areas involving all three myocardial layers [7]. Compared 
to pseudoaneurysms, more than 80% of LV aneurysms are 
situated anterolaterally in proximity to the apex and are typi-
cally associated with complete occlusion of the LAD in the 
absence of collateral blood supply [7]. Roughly half of indi-
viduals with moderate or large aneurysms experience heart 
failure symptoms, either with or without concurrent angina. 
Around 15% present with symptomatic ventricular arrhyth-
mias, which may prove refractory and be life-threatening 
[7]. Mural thrombi are discovered in nearly half of individu-
als diagnosed with chronic LV aneurysms, with systemic 
embolic events more likely to manifest shortly following 
AMI.

Echocardiography

Differentiating between LV pseudoaneurysms and true 
aneurysms can be challenging. On 2D echocardiography, 
pseudoaneurysms will typically have a “narrow” orifice/neck 
(i.e., less than half of the maximal diameter of the outpouch-
ing) (Fig. 5, Supplemental Video 7) [22]. Unfortunately, the 
maximal size of the defect itself cannot delineate the two, 
as pseudoaneurysm diameters have been shown to vary 
widely (from 1.5 to 20 cm) [33]. Signs of contained free 
wall rupture may also be present, including discontinuities 
in the myocardial wall or an adjacent pericardial effusion 
containing echodensities or loculations (although the latter 
may easily be confused with an unrelated complex pericar-
dial effusion). 3D TEE may provide enhanced visualization 
of the anatomy of the pseudoaneurysm and provide insights 
into the possibility of percutaneous closure [22].

While color and spectral Doppler will show flow in and 
out of both pseudoaneurysms and aneurysms, the former 
may demonstrate turbulence due to the (typically) narrower 
orifice, typically referred to as “to-and-fro” flow (Fig. 5C, 
Supplemental Video 8). In certain instances, an echo-free 
space adjacent to the left ventricle may be present, but the 
abnormal communication might not be distinctly visible. 
In such cases, employing color Doppler and UEA may be 
helpful.

Of note, while many of the aforementioned features may 
strongly suggest a pseudoaneurysm, no individual echocar-
diographic criteria exist with sufficient specificity to defini-
tively differentiate it from a true LV aneurysm. As such, 
cardiac-gated computed tomography (CT) imaging and 
cardiac magnetic resonance imaging (MRI) are valuable 
adjuncts in diagnosis.
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Treatment

LV pseudoaneurysms demand immediate surgical interven-
tion due to their heightened susceptibility to progressive 
expansion and rupture. Nevertheless, surgical intervention 
has an in-hospital mortality rate of about 20% [34]. In situ-
ations where surgical risks are prohibitive, percutaneous 
closure appears to be a viable alternative (Fig. 5) [35]. 2D 
and 3D TEE are essential modalities for assessing the size 
of the defect and its associated rims, which can then in turn 
inform the appropriate closure device size. Unsurprisingly, 
care must be taken when instrumenting the pseudoaneurysm 
so as not to disrupt the pericardium stabilizing the contained 
rupture.

LV aneurysms, on the other hand, generally only require 
medical therapy for heart failure and treatment of thrombus 
(if present). However, surgical excision may be performed 

with the aim of ameliorating clinical symptoms, primarily 
addressing heart failure symptoms, embolic phenomenon 
from left ventricular thrombus, and potentially life-threat-
ening tachyarrhythmias [36, 37].

Temporary Mechanical Circulatory Support

Temporary MCS devices offer crucial support to patients 
with mechanical complications and cardiogenic shock. 
Specifically, they play a critical role as a bridge to a defini-
tive surgical (or percutaneous) correction [38]. While a 
number of MCS devices are available, the specific choice 
is influenced by a variety of factors including the mechani-
cal complication encountered, other cardiac abnormali-
ties, the degree of hemodynamic instability, the sever-
ity of hypoxemia, the presence or absence of significant 

Fig. 5  A–C Transesophageal echocardiogram demonstrating pseu-
doaneurysm with a narrow neck (yellow arrows). Turbulent flow is 
seen entering the pseudoaneurysm from the left ventricle by color 
Doppler and demonstrates “to-and-fro” flow by continuous-wave 
Doppler assessment. D Well-positioned percutaneous closure device 
(yellow star) across the neck of the pseudoaneurysm. E, F Transtho-

racic and transesophageal echocardiogram demonstrating a wide-
neck pseudoaneurysm. Note the presence of disrupted myocardium 
(orange arrowhead). LA, left atrium; LV, left ventricle; PsA, pseudoa-
neurysm; RV, right ventricle. A–D Courtesy of Carlos E. Ruiz, MD, 
PhD
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peripheral arterial disease, institutional availability, and 
clinician familiarity/comfort. Intra-aortic balloon pump 
(IABP), Impella (Abiomed, Danvers, Massachusetts), 
TandemHeart (Cardiac Assist, Inc.; Pittsburgh, PA), VA-
ECMO, and left atrial VA-ECMO (LAVA-ECMO) may all 
be considered for stabilization of patients with mechanical 
complications after AMI [29••, 39].

Echocardiography plays a crucial role in the choice of 
MCS, confirmation of appropriate positioning, and mon-
itoring for the development of complications. As such, 
during the initial assessment for mechanical complica-
tions following AMI, a complete echocardiogram should 
be performed (if possible) for the identification of other 
cardiac abnormalities that may preclude the use of specific 
types of mechanical circulatory support. This includes the 
severity of aortic regurgitation (AR), aortic valve steno-
sis, the presence of a mechanical aortic valve, intracardiac 
thrombi (i.e., LV or LA appendage thrombus), and intra-
cardiac shunts. Notably, the existence of substantial AR 
acts as a contraindication for the utilization of most types 
of temporary MCS, although there has been reported suc-
cess when direct LA unloading is used (i.e., TandemHeart 
and LAVA-ECMO) [40, 41].

Conclusion

While rare, mechanical complications after AMI are a sig-
nificant source of morbidity and mortality. Not only does 
echocardiography play an essential role in diagnosis, but 
it is a critical component of the selection, initiation, and 
maintenance of MCS for stabilization prior to definitive 
surgical correction. In select patients, echocardiographi-
cally guided percutaneous correction can be considered as 
an alternative to surgery.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s11886- 024- 02042-5.

Author Contributions All authors contributed text and figures to the 
manuscript, in addition to providing a comprehensive review after com-
pletion of the manuscript.

Data Availability No datasets were generated or analyzed during the 
current study.

Compliance with Ethical Standards 

Conflict of Interest The authors report that they have no relationships 
relevant to the contents of this paper to disclose.

Human and Animal Rights and Informed Consent This article does not 
contain any studies with human or animal subjects performed by any 
of the authors.

References

Papers of particular interest, published recently, have 
been highlighted as:  
• Of importance  
•• Of major importance

 1. ISIS-2 (Second International Study of Infarct Survival) Col-
laborative Group. Randomised trial of intravenous strep-
tokinase, oral aspirin, both, or neither among 17,187 cases 
of suspected acute myocardial infarction.  ISIS-2. Lancet. 
1988;2(8607):349–60.

 2. Grines CL, Browne KF, Marco J, Rothbaum D, Stone GW, 
O’Keefe J, et al. A comparison of immediate angioplasty with 
thrombolytic therapy for acute myocardial infarction. The Pri-
mary Angioplasty in Myocardial Infarction Study Group. N 
Engl J Med. 1993;328(10):673–9. https:// doi. org/ 10. 1056/ 
NEJM1 99303 11328 1001.

 3. Keeley EC, Boura JA, Grines CL. Primary angioplasty ver-
sus intravenous thrombolytic therapy for acute myocardial 
infarction: a quantitative review of 23 randomised trials. Lan-
cet. 2003;361(9351):13–20. https:// doi. org/ 10. 1016/ S0140- 
6736(03) 12113-7.

 4.• Elbadawi A, Elgendy IY, Mahmoud K, Barakat AF, Mentias 
A, Mohamed AH, et al. Temporal trends and outcomes of 
mechanical complications in patients with acute myocardial 
infarction. JACC Cardiovasc Interv. 2019;12(18):1825–36. 
https:// doi. org/ 10. 1016/j. jcin. 2019. 04. 039. This study exam-
ined the latest temporal trends and outcomes of mechanical 
complications following acute myocardialinfarction utiliz-
ing data from the 2003 to 2015 National Inpatient Sample.

 5. French JK, Hellkamp AS, Armstrong PW, Cohen E, Kleiman 
NS, O’Connor CM, et al. Mechanical complications after per-
cutaneous coronary intervention in ST-elevation myocardial 
infarction (from APEX-AMI). Am J Cardiol. 2010;105(1):59–
63. https:// doi. org/ 10. 1016/j. amjca rd. 2009. 08. 653.

 6. Bhardwaj B, Sidhu G, Balla S, Kumar V, Kumar A, Aggarwal 
K, et al. Outcomes and hospital utilization in patients with 
papillary muscle rupture associated with acute myocardial 
infarction. Am J Cardiol. 2020;125(7):1020–5. https:// doi. 
org/ 10. 1016/j. amjca rd. 2019. 12. 051.

 7. Libby P, Bonow R, Mann D, Tomaselli G, Bhatt D, Solomon 
S. Braunwald’s heart disease: a textbook of cardiovascular 
medicine. 12th ed. Philadelphia: Elsevier; 2021.

 8. Calvo FE, Figueras J, Cortadellas J, Soler-Soler J. Severe 
mitral regurgitation complicating acute myocardial infarc-
tion. Clinical and angiographic differences between patients 
with and without papillary muscle rupture. Eur Heart J. 
1997;18(10):1606–10. https:// doi. org/ 10. 1093/ oxfor djour nals. 
eurhe artj. a0151 40.

 9. Figueras J, Calvo F, Cortadellas J, Soler-Soler J. Comparison of 
patients with and without papillary muscle rupture during acute 
myocardial infarction. Am J Cardiol. 1997;80(5):625–7. https:// 
doi. org/ 10. 1016/ s0002- 9149(97) 00435-9.

 10. Watanabe N. Acute mitral regurgitation. Heart. 2019;105(9):671–
7. https:// doi. org/ 10. 1136/ heart jnl- 2018- 313373.

 11. Wiener PC, Friend EJ, Bhargav R, Radhakrishnan K, Kadem 
L, Pressman GS. Color Doppler splay: a clue to the presence 
of significant mitral regurgitation. J Am Soc Echocardiogr. 
2020;33(10):1212–9 e1. https:// doi. org/ 10. 1016/j. echo. 2020. 
05. 002.

 12. Bernard S, Deferm S, Bertrand PB. Acute valvular emergencies. 
Eur Heart J Acute Cardiovasc Care. 2022;11(8):653–65. https:// 
doi. org/ 10. 1093/ ehjacc/ zuac0 86.

https://doi.org/10.1007/s11886-024-02042-5
https://doi.org/10.1056/NEJM199303113281001
https://doi.org/10.1056/NEJM199303113281001
https://doi.org/10.1016/S0140-6736(03)12113-7
https://doi.org/10.1016/S0140-6736(03)12113-7
https://doi.org/10.1016/j.jcin.2019.04.039
https://doi.org/10.1016/j.amjcard.2009.08.653
https://doi.org/10.1016/j.amjcard.2019.12.051
https://doi.org/10.1016/j.amjcard.2019.12.051
https://doi.org/10.1093/oxfordjournals.eurheartj.a015140
https://doi.org/10.1093/oxfordjournals.eurheartj.a015140
https://doi.org/10.1016/s0002-9149(97)00435-9
https://doi.org/10.1016/s0002-9149(97)00435-9
https://doi.org/10.1136/heartjnl-2018-313373
https://doi.org/10.1016/j.echo.2020.05.002
https://doi.org/10.1016/j.echo.2020.05.002
https://doi.org/10.1093/ehjacc/zuac086
https://doi.org/10.1093/ehjacc/zuac086


403Current Cardiology Reports (2024) 26:393–404 

 13. Stout KK, Verrier ED. Acute valvular regurgitation. Circulation. 
2009;119(25):3232–41. https:// doi. org/ 10. 1161/ circu latio naha. 
108. 782292.

 14. Valle JA, Miyasaka RL, Carroll JD. Acute mitral regurgitation 
secondary to papillary muscle tear: is transcatheter edge-to-edge 
mitral valve repair a new paradigm? Circ Cardiovasc Interv. 
2017;10(6). https:// doi. org/ 10. 1161/ CIRCI NTERV ENTIO NS. 
117. 005050.

 15. Skehan JD, Carey C, Norrell MS, de Belder M, Balcon R, Mills 
PG. Patterns of coronary artery disease in post-infarction ven-
tricular septal rupture. Br Heart J. 1989;62(4):268–72. https:// 
doi. org/ 10. 1136/ hrt. 62.4. 268.

 16. Jones BM, Kapadia SR, Smedira NG, Robich M, Tuzcu EM, 
Menon V, et al. Ventricular septal rupture complicating acute 
myocardial infarction: a contemporary review. Eur Heart J. 
2014;35(31):2060–8. https:// doi. org/ 10. 1093/ eurhe artj/ ehu248.

 17. Birnbaum Y, Fishbein MC, Blanche C, Siegel RJ. Ventricular 
septal rupture after acute myocardial infarction. N Engl J Med. 
2002;347(18):1426–32. https:// doi. org/ 10. 1056/ NEJMr a0202 28.

 18. Birnbaum Y, Wagner GS, Gates KB, Thompson TD, Barbash GI, 
Siegel RJ, et al. Clinical and electrocardiographic variables asso-
ciated with increased risk of ventricular septal defect in acute 
anterior myocardial infarction. Am J Cardiol. 2000;86(8):830–4. 
https:// doi. org/ 10. 1016/ s0002- 9149(00) 01101-2.

 19. Menon V, Webb JG, Hillis LD, Sleeper LA, Abboud R, Dzavik 
V, et al. Outcome and profile of ventricular septal rupture with 
cardiogenic shock after myocardial infarction: a report from the 
SHOCK Trial Registry. Should we emergently revascularize 
Occluded Coronaries in cardiogenic shocK? J Am Coll Cardiol. 
2000;36(3 Suppl A):1110–6. https:// doi. org/ 10. 1016/ s0735- 
1097(00) 00878-0.

 20. Crenshaw BS, Granger CB, Birnbaum Y, Pieper KS, Morris 
DC, Kleiman NS, et al. Risk factors, angiographic patterns, and 
outcomes in patients with ventricular septal defect complicating 
acute myocardial infarction. GUSTO-I (Global Utilization of 
Streptokinase and TPA for Occluded Coronary Arteries) Trial 
Investigators. Circulation. 2000;101(1):27–32. https:// doi. org/ 
10. 1161/ 01. cir. 101.1. 27.

 21. Moreyra AE, Huang MS, Wilson AC, Deng Y, Cosgrove NM, 
Kostis JB, et al. Trends in incidence and mortality rates of ven-
tricular septal rupture during acute myocardial infarction. Am J 
Cardiol. 2010;106(8):1095–100. https:// doi. org/ 10. 1016/j. amjca 
rd. 2010. 06. 013.

 22. Lang RM, Goldstein SA, Kronzon I, Khandheria B, Saric M, 
Mor-Avi V. ASE’s comprehensive echocardiography. Third edi-
tion. ed. Philadelphia, PA: Elsevier, Inc; 2022.

 23. Arnaoutakis GJ, Zhao Y, George TJ, Sciortino CM, McCarthy 
PM, Conte JV. Surgical repair of ventricular septal defect after 
myocardial infarction: outcomes from the Society of Thoracic 
Surgeons National Database. Ann Thorac Surg. 2012;94(2):436–
43; discussion 443–4. https:// doi. org/ 10. 1016/j. athor acsur. 2012. 
04. 020.

 24. Schlotter F, de Waha S, Eitel I, Desch S, Fuernau G, Thiele 
H. Interventional post-myocardial infarction ventricular septal 
defect closure: a systematic review of current evidence. EuroIn-
tervention. 2016;12(1):94–102. https:// doi. org/ 10. 4244/ EIJV1 
2I1A17.

 25. Calvert PA, Cockburn J, Wynne D, Ludman P, Rana BS, North-
ridge D, et al. Percutaneous closure of postinfarction ventricular 
septal defect: in-hospital outcomes and long-term follow-up of 
UK experience. Circulation. 2014;129(23):2395–402. https:// 
doi. org/ 10. 1161/ CIRCU LATIO NAHA. 113. 005839.

 26. Formica F, Mariani S, Singh G, D’Alessandro S, Messina LA, 
Jones N, et al. Postinfarction left ventricular free wall rupture: 
a 17-year single-centre experience. Eur J Cardiothorac Surg. 
2018;53(1):150–6. https:// doi. org/ 10. 1093/ ejcts/ ezx271.

 27. Moreno R, Lopez-Sendon J, Garcia E, de Isla LP, de Sa EL, 
Ortega A, et al. Primary angioplasty reduces the risk of left 
ventricular free wall rupture compared with thrombolysis in 
patients with acute myocardial infarction. J Am Coll Cardiol. 
2002;39(4):598–603. https:// doi. org/ 10. 1016/ s0735- 1097(01) 
01796-x.

 28. Menon V, Slater JN, White HD, Sleeper LA, Cocke T, Hoch-
man JS. Acute myocardial infarction complicated by systemic 
hypoperfusion without hypotension: report of the SHOCK trial 
registry. Am J Med. 2000;108(5):374–80. https:// doi. org/ 10. 
1016/ s0002- 9343(00) 00310-7.

 29.•• Damluji AA, van Diepen S, Katz JN, Menon V, Tamis-Holland 
JE, Bakitas M, et al. Mechanical complications of acute myocar-
dial infarction: a scientific statement from the American Heart 
Association. Circulation. 2021;144(2):e16–35. https:// doi. org/ 
10. 1161/ CIR. 00000 00000 000985. This comprehensive docu-
ment provides insights into the epidemiology, clinical char-
acteristics, and management considerations of mechanical 
complications of acute myocardial infarction, while also 
identifying current research gaps.

 30. Antunes MJ. Left ventricular free wall rupture: a real nightmare. 
J Card Surg. 2021;36(9):3334–6. https:// doi. org/ 10. 1111/ jocs. 
15697.

 31. Figueras J, Alcalde O, Barrabés JA, Serra V, Alguersuari 
J, Cortadellas J, et  al. Changes in hospital mortality rates 
in 425 patients with acute ST-elevation myocardial infarc-
tion and cardiac rupture over a 30-year period. Circulation. 
2008;118(25):2783–9. https:// doi. org/ 10. 1161/ circu latio naha. 
108. 776690.

 32. Yeo TC, Malouf JF, Oh JK, Seward JB. Clinical profile and out-
come in 52 patients with cardiac pseudoaneurysm. Ann Intern 
Med. 1998;128(4):299–305. https:// doi. org/ 10. 7326/ 0003- 4819- 
128-4- 19980 2150- 00010.

 33. Frances C, Romero A, Grady D. Left ventricular pseudoaneu-
rysm. J Am Coll Cardiol. 1998;32(3):557–61. https:// doi. org/ 10. 
1016/ s0735- 1097(98) 00290-3.

 34. Atik FA, Navia JL, Vega PR, Gonzalez-Stawinski GV, Alster JM, 
Gillinov AM, et al. Surgical treatment of postinfarction left ven-
tricular pseudoaneurysm. Ann Thorac Surg. 2007;83(2):526–31. 
https:// doi. org/ 10. 1016/j. athor acsur. 2006. 06. 080.

 35. Dudiy Y, Jelnin V, Einhorn BN, Kronzon I, Cohen HA, Ruiz CE. 
Percutaneous closure of left ventricular pseudoaneurysm. Circ 
Cardiovasc Interv. 2011;4(4):322–6. https:// doi. org/ 10. 1161/ 
CIRCI NTERV ENTIO NS. 111. 962464.

 36. Arslan F, Bongartz L, Ten Berg JM, Jukema JW, Appelman 
Y, Liem AH, et al. 2017 ESC guidelines for the management 
of acute myocardial infarction in patients presenting with ST-
segment elevation: comments from the Dutch ACS working 
group. Neth Heart J. 2018;26(9):417–21. https:// doi. org/ 10. 
1007/ s12471- 018- 1134-0.

 37. Antman EM, Anbe DT, Armstrong PW, Bates ER, Green LA, 
Hand M, et al. ACC/AHA guidelines for the management of 
patients with ST-elevation myocardial infarction; a report of 
the American College of Cardiology/American Heart Associa-
tion Task Force on Practice Guidelines (Committee to Revise 
the 1999 Guidelines for the Management of patients with acute 
myocardial infarction). J Am Coll Cardiol. 2004;44(3):E1–211. 
https:// doi. org/ 10. 1016/j. jacc. 2004. 07. 014.

 38. Shah M, Patnaik S, Patel B, Ram P, Garg L, Agarwal M, et al. 
Trends in mechanical circulatory support use and hospital mor-
tality among patients with acute myocardial infarction and non-
infarction related cardiogenic shock in the United States. Clin 
Res Cardiol. 2018;107(4):287–303. https:// doi. org/ 10. 1007/ 
s00392- 017- 1182-2.

 39. Sanchez-Jimenez E, Fanne RA, Levi Y, Saada M, Kobo O, 
Roguin A. Predictors, outcomes and impact of mechanical 

https://doi.org/10.1161/circulationaha.108.782292
https://doi.org/10.1161/circulationaha.108.782292
https://doi.org/10.1161/CIRCINTERVENTIONS.117.005050
https://doi.org/10.1161/CIRCINTERVENTIONS.117.005050
https://doi.org/10.1136/hrt.62.4.268
https://doi.org/10.1136/hrt.62.4.268
https://doi.org/10.1093/eurheartj/ehu248
https://doi.org/10.1056/NEJMra020228
https://doi.org/10.1016/s0002-9149(00)01101-2
https://doi.org/10.1016/s0735-1097(00)00878-0
https://doi.org/10.1016/s0735-1097(00)00878-0
https://doi.org/10.1161/01.cir.101.1.27
https://doi.org/10.1161/01.cir.101.1.27
https://doi.org/10.1016/j.amjcard.2010.06.013
https://doi.org/10.1016/j.amjcard.2010.06.013
https://doi.org/10.1016/j.athoracsur.2012.04.020
https://doi.org/10.1016/j.athoracsur.2012.04.020
https://doi.org/10.4244/EIJV12I1A17
https://doi.org/10.4244/EIJV12I1A17
https://doi.org/10.1161/CIRCULATIONAHA.113.005839
https://doi.org/10.1161/CIRCULATIONAHA.113.005839
https://doi.org/10.1093/ejcts/ezx271
https://doi.org/10.1016/s0735-1097(01)01796-x
https://doi.org/10.1016/s0735-1097(01)01796-x
https://doi.org/10.1016/s0002-9343(00)00310-7
https://doi.org/10.1016/s0002-9343(00)00310-7
https://doi.org/10.1161/CIR.0000000000000985
https://doi.org/10.1161/CIR.0000000000000985
https://doi.org/10.1111/jocs.15697
https://doi.org/10.1111/jocs.15697
https://doi.org/10.1161/circulationaha.108.776690
https://doi.org/10.1161/circulationaha.108.776690
https://doi.org/10.7326/0003-4819-128-4-199802150-00010
https://doi.org/10.7326/0003-4819-128-4-199802150-00010
https://doi.org/10.1016/s0735-1097(98)00290-3
https://doi.org/10.1016/s0735-1097(98)00290-3
https://doi.org/10.1016/j.athoracsur.2006.06.080
https://doi.org/10.1161/CIRCINTERVENTIONS.111.962464
https://doi.org/10.1161/CIRCINTERVENTIONS.111.962464
https://doi.org/10.1007/s12471-018-1134-0
https://doi.org/10.1007/s12471-018-1134-0
https://doi.org/10.1016/j.jacc.2004.07.014
https://doi.org/10.1007/s00392-017-1182-2
https://doi.org/10.1007/s00392-017-1182-2


404 Current Cardiology Reports (2024) 26:393–404

circulatory support of patients with mechanical complications 
after acute myocardial infarction. Cardiovasc Revasc Med. 
2023;52:23–9. https:// doi. org/ 10. 1016/j. carrev. 2023. 02. 004.

 40. Chiang M, Gonzalez PE, O’Neill BP, Lee J, Frisoli T, Wang DD, 
et al. Left atrial venoarterial extracorporeal membrane oxygena-
tion for acute aortic regurgitation and cardiogenic shock. JACC 
Case Rep. 2022;4(5):276–9. https:// doi. org/ 10. 1016/j. jaccas. 
2021. 12. 030.

 41. Villablanca P, Nona P, Lemor A, Qintar M, O’Neill B, Lee J, 
et al. Mechanical circulatory support in cardiogenic shock due to 
structural heart disease. Interv Cardiol Clin. 2021;10(2):221–34. 
https:// doi. org/ 10. 1016/j. iccl. 2020. 12. 007.

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.1016/j.carrev.2023.02.004
https://doi.org/10.1016/j.jaccas.2021.12.030
https://doi.org/10.1016/j.jaccas.2021.12.030
https://doi.org/10.1016/j.iccl.2020.12.007

	Echocardiography in the Recognition and Management of Mechanical Complications of Acute Myocardial Infarction
	Abstract
	Purpose of Review 
	Recent Findings 
	Summary 

	Introduction
	Papillary Muscle Rupture
	Clinical Features
	Echocardiography
	Treatment

	Ventricular Septal Rupture
	Clinical Features
	Echocardiography
	Treatment

	Free Wall Rupture
	Clinical Features
	Echocardiography
	Treatment

	Left Ventricular Pseudoaneurysm and Aneurysm
	Clinical Features
	Echocardiography
	Treatment

	Temporary Mechanical Circulatory Support
	Conclusion
	References


