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【 CASE REPORT 】

Ventricular Septal Perforation: A Rare but Life-Threatening
Complication Associated with Takotsubo Syndrome
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Abstract:
A 71-year-old woman was admitted with dyspnea. An electrocardiogram revealed ST-segment elevation,

and echocardiography showed akinesis in the left ventricular apex with hyperkinesis of the base. Coronary

angiography revealed no stenosis, and left ventriculography indicated ballooning of the left ventricular apex

and apical ventricular septal perforation. We diagnosed the patient with Takotsubo syndrome complicated by

ventricular septal perforation, which was surgically repaired. Although ventricular septal perforation is recog-

nized as a life-threatening complication after acute myocardial infarction, it can also occur after Takotsubo

syndrome. The early recognition and management of this condition can help prevent morbidity and mortality.
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Introduction

Takotsubo syndrome (TTS), previously known as Takot-

subo cardiomyopathy, presents as transient left ventricular

dysfunction with chest pain and electrocardiographic

changes that mimic acute myocardial infarction (AMI) in the

absence of any significant coronary artery disease (1). The

left ventricular systolic dysfunction generally improves

within several weeks and eventually shows complete resolu-

tion in most cases of TTS (1-3). Various serious complica-

tions have been reported during the acute phase of

TTS (1, 4).

Ventricular septal perforation (VSP) is a major complica-

tion after AMI. The mortality rate associated with this con-

dition is extremely high, ranging from 45% to 80% (5-8).

We herein report a rare case of TTS complicated by VSP

that was successfully repaired with patch closure.

Case Report

A 71-year-old woman presented to our emergency depart-

ment with dyspnea. She had a history of thyroid excision

and spinal fusion due to follicular thyroid cancer, which had

metastasized to the lungs, cranial bones, and vertebrae. She

experienced a recurrence of spinal metastasis and required

acetaminophen, loxoprofen, and morphine for pain relief.

On admission, her pulse was 118 beats per minute, her

blood pressure was 121/86 mmHg, her respiratory rate was

28 breaths per minute, and her oxygen saturation level was

96%. Cardiac auscultation revealed no significant heart mur-

murs. Her 12-lead electrocardiogram (ECG) findings demon-

strated ST-segment elevation in leads I, aVL, and V2-5 with-

out any reciprocal ST-segment depression (Fig. 1). A chest

X-ray showed a cardiothoracic ratio of 71%, and pulmonary

congestion and an infiltrative shadow were identified.

Transthoracic echocardiography demonstrated apical akinesis

with basal hyperkinesis. Laboratory analyses revealed the
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Figure　1.　The time-course of 12-lead electrocardiography. On the day of admission, significant ST-
segment elevation was seen in leads I, aVL, and V2-5. On days 2 and 4, persistent ST-segment eleva-
tion was seen in leads V2-5. On day 15, a deeply inverted T-wave was seen in leads V1-6, and QT in-
terval prolongation was confirmed. T-wave inversion was seen in leads V1-6 at the 6-month follow-up 
and in leads V1-5 at 1 year.

Figure　2.　Echocardiography (apical four-chamber view) 
showed left ventricular septal perforation with left-to-right 
shunt.

following findings: leukocyte count, 10,900/μL (normal:

3,900-9,000/μL); C-reactive protein, 27.7 mg/dL (normal:

<0.3 mg/dL); and troponin T, 0.16 mg/dL (normal: <0.014

ng/mL). Her creatine kinase level at admission was 76 U/L

(normal: <150 U/L); this was the maximum value during

hospitalization. The patient’s plasma level of N-terminal pro-

brain natriuretic peptide was 14,856 pg/mL (normal: <125

pg/mL).

Left ventricular wall motion abnormalities extended be-

yond the distribution of any single coronary artery. We sus-

pected secondary TTS induced by pneumonia or intensive

back pain due to spinal metastasis. Although urgent coro-

nary angiography was necessary to differentiate TTS clearly

from AMI at the time of admission, the time of the onset

was unclear, her hemodynamics were stable after admission,

and it was difficult for the patient to maintain a supine posi-

tion for cardiac catheterization because of her back pain. We

were also concerned about the risk of septic complications

after catheterization. Hence, we administered treatment for

heart failure and pneumonia before performing cardiac

catheterization.

The patient was subsequently admitted to the intensive

care unit. Non-invasive positive pressure ventilation was ap-

plied, and intravenous nitroglycerin, furosemide, heparin,

and piperacillin tazobactam were administered. However, her

condition failed to improve. ECG showed persistent ST-

segment elevation in leads V2-5 on hospital days 2 and 4

(Fig. 1). On hospital day 9, the patient presented worsening

dyspnea and the onset of a harsh, loud, holosystolic mur-

mur. Repeated echocardiography detected a ventricular sep-

tal defect near the apex, showing a left-to-right shunt

(Fig. 2). On day 10, cardiac catheterization was performed.

Coronary angiography showed normal arteries. Left ventric-

ulography revealed abnormal wall motion with apical akine-

sis and basal hyperkinesis accompanied by shunt flow to the

right ventricle (Fig. 3). The pulmonary to systemic flow ra-

tio was 2.95. We concluded that VSP had developed and

performed intra-aortic balloon pumping for hemodynamic

support. On day 15, ECG showed deeply inverted T-waves

in leads V1-6 and QT interval prolongation (Fig. 1).

After stabilizing her hemodynamics, we performed elec-

tive surgery on hospital day 16. Extracorporeal circulation

was established with blood withdrawal via the superior vena

cava and inferior vena cava and supply from the ascending

aorta. Under cardiac arrest, we incised the apex and found

an area of perforation measuring 10×10 mm in the posterior

wall near the apex (Fig. 4). The VSP was closed with a

Gore-Tex™ patch. A pathological examination of the trabe-

culae carneae of the left ventricle revealed the loss of myo-

cardial cells and myocardial fibrosis with lymphocyte and

macrophage infiltration (Fig. 5).

The postoperative course was uneventful. On day 50, we

performed cardiac magnetic resonance (CMR) imaging and
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Figure　3.　The right anterior oblique view of the left ventriculography showed apical ballooning 
with the filling of the right ventricle through the ventricular sepal perforation. (A) Systolic phase. (B) 
Diastolic phase. (C) A schematic illustration. LV: left ventricle, RV: right ventricle

Figure　4.　An intraoperative image showing ventricular sep-
tal perforation (white arrow). LV: left ventricle, RV: right ven-
tricle

Figure　5.　Pathology findings (Hematoxylin and Eosin stain-
ing) showing the loss of myocardial cells and myocardial fibro-
sis with infiltration by lymphocytes and macrophages (yellow 
arrow).

Figure　6.　Cardiac magnetic resonance imaging with gado-
linium enhancement showed delayed enhancement in the pos-
terior wall of the apex in the axial view (yellow arrow).

late gadolinium enhancement (LGE) imaging of the septal

and posterior wall of the apex (Fig. 6). The patient was dis-

charged from our tertiary care center to a rehabilitation fa-

cility on day 63. One year after her discharge, follow-up

electrocardiography showed T-wave inversion in leads V1-5

(Fig. 1), and follow-up echocardiography showed residual

mild hypokinesis of the apex.

Discussion

TTS is a clinical condition in which patients present re-

versible left ventricular dysfunction, which was first de-

scribed in Japan in 1990 (9). The underlying pathophysiol-

ogy remains unknown (1, 10-13). In most cases, the left

ventricular dysfunction in TTS resolves almost completely

within several weeks to months after onset (14). However,

the prognosis of TTS is not as favorable as previously

thought (15-17). The cardiac complications of TTS, which

occur in up to 50% of patients, include cardiogenic shock,

arrhythmia, intraventricular pressure gradient, right ventricu-

lar dysfunction, and left ventricular thrombus (17-20). VSP

has also been reported as a rare complication of

TTS (20-23).

A systematic review of 12 TTS cases with cardiac rupture

by Kumar et al. suggested that the risk factors for cardiac

rupture complicating TTS were female sex, Asian ethnicity,



Intern Med 57: 1605-1609, 2018 DOI: 10.2169/internalmedicine.0014-17

1608

older age, higher blood pressure, higher left ventricular ejec-

tion fraction, and persistent ST-segment elevation (24). Al-

though the definition of persistent ST-segment elevation was

unclear in the systematic review, a previous study reported

that the ST-segment elevation generally returned to normal

within 3 days in patients with TTS (25). Our patient was an

Asian woman, and ECG showed ST-segment elevation until

day 8. Thus, our patient was considered to have several risk

factors for cardiac rupture as a complication of TTS.

Regarding VSP complicating AMI, a previous study re-

ported that the short-term mortality was lower in patients

who underwent surgical repair at �8 days after presentation

in comparison to those who underwent repair within 7 days

after presentation (18.4% vs. 54.1%, respectively) (26). The

improved outcome of delayed surgery was associated with

the stabilization of the infarcted cardiac tissues (27). How-

ever, the optimal timing for repair surgery in cases of VSP

complicating TTS remains unclear. We consider emergency

surgical repair for VSP to be mandatory in hemodynami-

cally unstable patients. On the other hand, in hemodynami-

cally stable patients with TTS, elective surgery for VSP may

be preferable because the left ventricular dysfunction often

improves daily in TTS and the cardiac tissues at the site of

VSP can be expected to stabilize in a manner similar to

AMI. We were able to stabilize our patient’s hemodynamics

by performing intra-aortic balloon pumping and thus opted

to delay surgery for VSP.

CMR imaging allows for the assessment of regional wall

motion abnormalities, ventricular thrombosis, and pericardial

effusion while LGE can reveal small, focal myocardial ab-

normalities and can be useful in diagnosing various cardiac

diseases (28). Although LGE was not initially thought to be

a feature of TTS, recent studies have reported LGE during

the acute phase in 10-40% of TTS patients (2, 29). The in-

tensity of LGE in TTS is frequently lower than that in

AMI (30). A previous report revealed that both ECG and

wall motion abnormalities persisted for longer in patients

who demonstrated low-intensity LGE on their initial CMR

study (3). We hypothesize that the LGE observed in our

case may have been associated with the residual apical hy-

pokinesis and T-wave inversion that were observed at the

one year follow-up examination.

Experimental findings have revealed the histological

changes in TTS. Contraction-band necrosis is commonly

found in TTS, especially in the acute phase (31, 32). Five

studies in which myocardial biopsies were performed in a

subset of patients reported interstitial fibrosis and mild cell

infiltration as well as focal myocardial depletion and

contraction-band necrosis (10-12, 33, 34). The pathological

findings in our case differed from the dense polymorphonu-

clear infiltrates and necrosis that are typically observed in

AMI.

We cannot totally exclude the possibility of AMI with

spontaneous recanalization. However, the coronary angiogra-

phy revealed no significant stenosis, the left ventricular wall

motion abnormalities extended beyond the distribution of

any single coronary artery, and neither creatine kinase nor

creatine kinase myocardial band elevation were observed.

We therefore diagnosed the patient with TTS complicated by

VSP.

Conclusion

VSP is a rare but life-threatening complication that may

occur in the acute phase of TTS. Patients with this condition

should be carefully monitored for mechanical complications.

Early recognition and management can help prevent morbid-

ity and mortality.
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