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Abstract

The most common mechanical complications of acute myocardial infarction include free-wall rupture, ventricular
septal rupture (VSR), papillary muscle rupture and pseudoaneurysm. It is rare for a patient to experience more
than one mechanical complication simultaneously. Here, we present a case of ST-segment elevation myocardial
infarction (STEMI) complicated with three mechanical complications, including ventricular apical wall rupture,
ventricular aneurysm formation and ventricular septal dissection (VSD) with VSR. Cardiac auscultation revealed
rhythmic S1 and S2 with a grade 3 holosystolic murmur at the left sternal border. Electrocardiogram indicated
anterior ventricular STEMI. Serological tests showed a significant elevated troponin I. Bedside echocardiography
revealed ventricular apical wall rupture, apical left ventricle aneurysm and VSD with VSR near the apex. This case
demonstrates that several rare mechanical complications can occur simultaneously secondary to STEMI and
highlights the importance of bedside echocardiography in the early diagnosis of mechanical complications.
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Introduction

Left ventricular free-wall rupture (FWR), ventricular
septal rupture (VSR), papillary muscle rupture (PMR),
pseudoaneurysm, and true aneurysm are mechanical
complications of acute myocardial infarction (AMI).
With the development of thrombolytic therapy and pri-
mary percutaneous coronary intervention (PCI), the

*Correspondence:

Jingwei Zhou

zhoujingwei001@126.com

'The Affiliated Hospital of Qingdao University, Qingdao 266000,
Shandong, China

216, Jiangsu Road, Shinan Disrict, Qiangdao 266000, Shandong, China

N BMC

incidence of these complications has decreased to less
than 0.1% [1]. However, the occurrence of mechanical
complications secondary to ST-segment elevation myo-
cardial infarction (STEMI) is still catastrophic. Left ven-
tricular rupture is a common mechanical complication
in AMI patients. Risk factors include no prior history of
angina or myocardial infarction, ST-segment elevation
in the initial electrocardiogram (ECG), peak creatine
kinase isoenzyme MB (CK-MB) above 150 IU/L, female
sex, age more than 70 years old, anterior location, trans-
mural infarction and first infarction [2]. VSR is a fatal
mechanical complication after AMI that usually requires
emergency surgical repair. The 1-month mortality rate of
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VSR exceeds 50%, and the 3-month survival rate does not
exceed 10% without effective treatment [3]. The forma-
tion of ventricular aneurysms involves a full-thickness
infarct that has been replaced by fibrous tissue. Approxi-
mately 85% of the true left ventricular aneurysm (LVA)
is located at the apical and anteroseptal walls, while only
5-10% is located at the inferior-posterior or lateral walls,
which can be explained by the fact that the apex has only
three layers of muscle compared to the four layers at the
base [4]. The occurrence of ventricular septal dissection
(VSD) is extremely rare after AMI, and only a few cases
have been reported in the literature. The most common
cause of VSD is right sinus of Valsalva aneurysm [5], and
other causes include infective endocarditis, cardiac sur-
geries, and trauma. The simultaneous occurrence of two
or more mechanical complications in one AMI patient
is extremely rare. Here, we report a case of mechanical
complications of ventricular apical wall rupture, LVA and
VSD with VSR after anterior ventricular STEMI.

Case presentation

A 79-year-old woman with a history of coronary artery
disease was admitted to the emergency department in
our hospital with chest pain for 7 days. Two days ago,
the ECG of the patient was normal in the local hospital.
On admission, the ECG showed elevated ST segments in
leads V1-V4 and ST-segment depression in leads I and
aVL (Fig. 1). The patient was primarily diagnosed with
anterior ventricular STEMI. On arrival at the emergency
room, the patient had hypotension (90/64 mmHg), and
the heart rate was 97 beats per minute. The body temper-
ature was normal (36.8 °C), and the respiratory rate was
20 beats per minute. The respiratory sounds of both lungs
were clear, the heart rhythm was regular, and a grade 3
holosystolic murmur was heard at the left sternal border.
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No edema of the lower extremities was noted. The labo-
ratory analysis showed dramatically elevated CK-MB,
troponin I (TNI) and myoglobin, which were 124.6 ng/
mL (0-3.6 ng/mL), 19.806 ng/mL (0-0.056 ng/mL) and
2035 ng/mL (10-92 ng/mL), respectively. The D-dimer
level was 1660 ng/mL (0-500 ng/mL). The N-terminal
pro-B type natriuretic peptide (NT-proBNP) was 5468
pg/mL (0-450 pg/mL), and aspartate transaminase
(AST) was 169 U/L (0-45 U/L). The detailed laboratory
tests results are summarized in Supplementary Table 1.
Then, bedside echocardiography was performed, which
demonstrated abnormal segmental motion of the left
ventricular wall. The left ventricular myocardial motion
weakened, and the left ventricular ejection fraction
decreased to 40%. A ventricular aneurysm was formed
at the apex of the left ventricle with a range of approxi-
mately 3.1x1.5 cm (Fig. 2A, Video 1-3). In addition, it
revealed a rupture of the apical ventricular wall with a
size of approximately 0.3-0.4 cm and a width of approxi-
mately 0.2—0.3 cm, which broke into the pericardial cav-
ity (Fig. 2B, Video 1-3). Moreover, a ventricular septal
myocardial dissection was approximately 0.1-0.2 cm
with a length of approximately 1.8 c¢cm, which ruptured
into the right ventricular cavity (Fig. 2C-D, Video 4-6).
Small to moderate pericardial effusion was also detected.

The patient presented with the symptom of angina,
the ECG showed STEMI in the anterior ventricle, and
the myocardial enzymes were significantly elevated. Sev-
eral mechanical complications were detected by bedside
echocardiography. Therefore, the final diagnosis was
STEMI complicated with ventricular apical wall rupture,
LVA and VSD with VSR.

As soon as STEMI was diagnosed, the patient was
immediately given a load of aspirin and clopidogrel,
along with rosuvastatin. The colloidal solution was
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Fig. 1 Twelve-leads ECG showed normal sinus rhythm, ST-segment elevation in leads V1-V4 and ST-segment depression in leads | and aVL.
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Fig. 2 Bedside transthoracic echocardiography revealed ventricular aneurysm formation at the apex of the left ventricle (A) (red arrow), ventricular apical
wall rupture (B) (red arrow) and ventricular septal myocardial dissection (C) (red arrow) and interventricular septum (IVS) rupture (D) (red arrow)

administered intravenously to expand blood volume.
Coronary angiography was recommended to evaluate
the vascular lesions. Surgical repair was the treatment
of choice for this patient. However, considering the high
risks of surgery, the patient and her family refused further
surgical operation or coronary angiography. Approxi-
mately 4 h later, the patient refused further treatment and
was discharged. Unfortunately, the patient died at home 1
week later. The timeline of the patient from admission to
last follow-up was summarized in Table 1.

Discussion
The incidence of mechanical complications after AMI
has significantly decreased in the era of reperfusion,
however, the mortality rate remains high. Simultaneous
occurrence of two or more mechanical complications
after AMI is extremely rare. Only 6 cases of AMI com-
plicated with two mechanical complications have been
reported so far (Table 2). Our case is the first to report
three mechanical complications secondary to STEMI,
including ventricular apical wall rupture, LVA and VSD
with VSR.

The post-infarction ventricular aneurysms may be a
true aneurysm or a pseudoaneurysms. True LVA forms

when ventricular pressure causes the expansion of
infarcted and relatively fragile area, which occurs within
days to weeks following STEMI. Left ventricular pseu-
doaneurysm occurs when a rupture of the ventricular
free wall is contained by overlying adherent pericardium.
The most common location of left ventricular pseudoan-
eurysm is the posterior wall, followed by the lateral, api-
cal and inferior wall. The neck is wide in true aneurysm
while narrow in pseudoaneurysm, which is considered
the main difference. Transthoracic echocardiography
has high diagnostic performance for LVA, with sensitiv-
ity and specificity exceeding 90% [6]. Surgical resection
is considered the most appropriate treatment for left
ventricular pseudoaneurysm because of the high risk of
rupture, while for true LVA, medical treatment is mainly
recommended. According to echocardiography, the ven-
tricular aneurysm in this case was diagnosed as a true
LVA, which was located at the apex of the left ventricle
and was a wide-neck aneurysm.

In our case, bedside echocardiography showed dis-
section of ventricular septal myocardium, which even-
tually ruptured into the right ventricular cavity. Thus,
the VSR of this patient was more likely the result of
VSD, rather than two independent complications. The
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Table 1 The timeline of the patient from admission to last
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Table 2 Cases of AMI concurrent with two mechanical

follow-up complications reported in recent years

Two days before The 79-year-old woman presented with Mechanical Patient’s Treatments Out-

admission chest pain for 5 days while the ECG was Complications age (years) comes
normal in the local hospital. and sex

On admission She still presented with chest pain and the LVA and VSR [1] 83;Female  Surgical repair Survival
ECG showed STEMIin the anterior ventricle. LVA and VSR [2] 70; Male Surgical repair Survival

Examination at admission  The patient had hypotension (90/64 VSR and VSD [3] 72: Male Surgical repair Died
mmHQ)/ and the heart rate was 97 beats LVA and VSR [4] 65; Female Surgical repair Survival
per minute. The heart rhythm was regula, VSR and free wall rupture 74;Female  Transcatheter Died
and a grade 3 holosystolic murmur was (5] closure
heard at the left sternal border. ]

Laboratory tests after CK-MB was 124.6 ng/mL (0-3.6 ng/mL) VSRand VSD[6] 65; Female erzr;jfjtheter survival

admission TNI'was 19.806 ng/mL (0-0.056 ng/mL)
Myoglobin was 2035 ng/mL (10-92 ng/mL)
D-dimer was 1660 ng/mL (0-500 ng/mL)
NT-proBNP was 5468 pg/mL (0-450 pg/mL)

Treatment after primary ~ Aspirin 300 mg, clopidogrel mg, and

diagnosis rosuvastatin 10 mg were taken orally. The
colloidal solution was given intravenously
to expand blood volume.

Bedside A ventricular aneurysm was formed at the

echocardiography apex of the left ventricle with a range of

approximately 3.1x 1.5 cm. A rupture of the
apical ventricular wall was with a size of ap-
proximately 0.3-0.4 cm and a width of ap-
proximately 0.2-0.3 cm. A ventricular septal
myocardial dissection was approximately
0.1-0.2 cm with a length of approximately
1.8 cm, which ruptured into the right
ventricular cavity.

The patient and her family refused further
surgical operation or coronary angiography
or further treatment and was discharged.
After 1 week The patient died at home.

ECG: electrocardiogram; STEMI: ST-segment elevation myocardial infarction;
CK-MB: creatine kinase isoenzyme MB; TNI: troponin |; NT-proBNP: pro-B type
natriuretic peptide

Four hours after
admission

pathophysiology of VSD secondary to AMI remains
unclear. Possible hypotheses include interruption of
blood flow in the interventricular septal perforator
artery, right sinus of Valsalva aneurysm, helical myo-
cardial muscular band and occlusion of small interven-
tricular septal vessels [5]. In addition to the symptoms of
AMLI, the typical symptoms of VSD include hypotension
and harsh systolic murmurs. VSD can be diagnosed by
transthoracic echocardiography, which generally shows
an interventricular false cavity that is connected to the
left ventricle or right ventricle [5]. VSR is almost always
associated with major coronary artery lesions. Surgical
repair is the main recommended guideline for patients
with VSR after AMI. With the high success rate, trans-
catheter closure of VSR has become a valuable alternative
to surgical repair, which can immediately reduce shunts
and prevent hemodynamic deterioration. However, the
optimal therapeutic timing for VSR closure is an ongo-
ing debate. Previous studies have shown that mortality is
lower when surgeries are delayed for a week than when

LVA: Left ventricular aneurysm; VSR: Ventricular septal rupture; VSD: Ventricular
septal dissection
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they are performed immediately [7]. Similarly, transcath-
eter closure of VSR has been demonstrated to be feasible
and effective in the deferred period of the rupture. The
high mortality of VSR patients undergoing percutaneous
or surgical repair in the acute phase may be related to the
infarcted myocardium, which is weak and fragile, and the
unstable hemodynamic status in the acute phase after
AMI [8]. Female sex and Killip Class III-IV at admission
are associated with an increased risk of death in the acute
phase of VSR after infarction.

According to the characteristics of echocardiography,
the blood flow entered the pericardium through the ven-
tricular rupture was not blow out. Therefore, the ventric-
ular rupture in this case was considered an oozing-type
rupture rather than a blowout rupture. The blowout
rupture is often associated with haemodynamic instabil-
ity and/or cardiac arrest. While the oozing-type rupture
may be restrained by thrombosis and compliant pericar-
dium, which is not usually associated with cardiogenic
shock [9]. In addition, we found that there seems to be
a thrombus at the rupture of the left ventricular apex,
which restricted the blood flow to some extent (Supple-
mentary video 1-2). These may explain why the patient
didn’t develop tamponade immediately after the rupture.
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This patient had several risk factors for mechanical com-
plications of AMI, such as female sex, old age, first attack
of AMI, low ejection fraction and unstable hemodynamic
status. The ECG showed anterior ventricular STEMI,
so we inferred that the lesion was mainly located in the
left anterior descending branch coronary artery. How-
ever, the limitation of this case is that invasive coronary
angiography and coronary CT angiography were not
performed, so the responsible vessels could not be veri-
fied. Another limitation is that the patient gave up sur-
gical repair, so we can't determine whether surgical
treatment can save this AMI patient with such complex
complications.

Stress cardiomyopathy, which is also called Takotsubo
cardiomyopathy (TC), is reported in about 2-3% of all
troponin-positive suspected acute coronary syndrome
(ACS) cases [10]. TC is similar to ACS and is character-
ized by reversible left ventricular apical ballooning in the
absence of angiographically substantial coronary artery
stenosis. Patients with TC typically present with acute
onset chest pain and/or dyspnea, which are usually asso-
ciated with acute stress events. In this case, the patient
did not have any emotional, physical, or combined trig-
ger prior to ACS. Before the patient came to our hos-
pital, she had suffered from chest pain for 7 days with
a normal ECG. The course of the disease was more like
a typical progression of angina to AMI, rather than TC
characterized by acute onset chest pain. Besides, the
laboratory tests showed significantly elevated TNI and
mildly increased NT-proBNP. In TC, the TNI is usually
moderately increased while the NT-proBNP is markedly
increased due to more important degree of acute left ven-
tricular dilation and myocardial stretch. The ECG also did
not completely match the typical ECG features of TC, in
which ST-segment elevation in precordial leads without
reciprocal ST-segment depression in inferior leads. Left
ventricular free wall rupture can occur in both AMI and
TC, however, apical aneurysm is more common in AML
Recently, the Takotsubo International Registry proposed
a clinical diagnostic score to assess the clinical probabil-
ity of TC and try to distinguish it from AMI before imag-
ing tests and coronary angiography are performed [11].
When patients with a score of 250 were diagnosed as
TC or with a score of <31 were diagnosed as ACS, nearly
95% of the patients were correctly diagnosed. In this case
the score of the patient was 25. Therefore, we preliminar-
ily excluded TC to some extent. However, according to
the diagnostic criteria proposed by the Mayo Clinic, cor-
onary angiography is required to completely rule out TC,
which remains a limitation of this case.

All these mechanical complications are life-threaten-
ing for AMI patients and required early diagnosis and
urgent repair in the published cases [12]. Transthoracic
echocardiography has advantages in the detection of
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STEMI-related compilations including left ventricular
thrombi, infarct expansion, true aneurysm formation,
post-infarction pericarditis, pericardial effusion and tam-
ponade. This non-invasive method provides convenient
estimation of impaired blood supply to myocardial tissue.
In addition to anatomical information, the evaluation
of ventricular wall motion by real-time echocardiogra-
phy has important prognostic significance. In particular,
the echocardiography is very useful in the identification
and localization of mechanical complications after AMI
and allow for careful monitoring of patients before, dur-
ing and after surgical repair. If appropriate interventions
are applied, early recognition of the mechanical com-
plications will improve the survival of AMI patients.
Therefore, it is hoped that with the improvement of echo-
cardiography in evaluating mechanical complications
and the more rapid surgical intervention, future studies
will show better outcomes in AMI patients with mechan-
ical complications.

Conclusion

We presented a case of STEMI complicated with ventric-
ular wall rupture, ventricular aneurysm formation and
VSD with VSR for the first time. Physicians need to be
aware of the complex mechanical complications of AMI
and be more vigilant, especially for patients who present
late and are hemodynamically unstable. The presence of a
cardiac murmur is an enormous clue that will help make
the diagnosis. Bedside echocardiography is valuable in
the diagnosis of complications after AMI and has high
diagnostic sensitivity and specificity.
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