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Abstract

QT prolongation is present in 26-52% of cases of Takotsubo car-
diomyopathy (TCM). It has been postulated to result from reduced 
cardiac repolarization reserve and reflects the transient myocardial 
insult observed in TCM. Bradycardia-induced QT interval prolon-
gation is amplified by the occurrence of TCM, a combination that 
potentially carries a significant risk for torsade de pointes (TdP). We 
present a unique case of an 80-year-old female with TCM-related 
cardiac arrest. The patient had acquired long QT syndrome in which 
TCM myocardial insult led to the precipitation of a third-degree atri-
oventricular (AV) block and subsequent bradycardia-induced TdP. 
Due to the lack of robust literature, there is no clear guideline in 
the management of third-degree AV block in the setting of TCM. 
In our case, because of recurrent ventricular tachycardia (VT) and 
ventricular fibrillation (VF) arrest, we opted for temporary pacing at 
a high ventricular rate, followed by a biventricular implantable car-
dioverter-defibrillator (BiV/ICD). Follow-up 3 months later revealed 
improvement of left ventricular (LV) dysfunction and resolution of 
QT prolongation. However, the noticed AV conduction defects per-
sisted. In the available literature, we identified five reported cases 
that bear similarity with our patient’s presentation. The identified 
cases were middle-aged to elderly females with no significant car-
diac history, who exhibited a similar triad of TCM associated with 
high-grade AV block, acquired long QT syndrome, and a rapid pro-
gression of bradycardia-induced TdP, resulting in a near cardiac ar-
rest within the first 24 - 48 h of admission. It is crucial to monitor 
corrected QT (QTc), correct electrolyte abnormalities, and minimize 
QT-prolonging medications in patients with TCM. The recognition 
of AV conduction defects in patients with TCM is critical, especially 
if it is associated with significant QT prolongation. Such situations 
are underrecognized, and are potentially fatal, necessitating close 
monitoring and timely intervention.

Keywords: Takotsubo cardiomyopathy; Stress-induced cardiomyo-
pathy; Torsade de pointes; Polymorphic ventricular tachycardia; Per-
manent pacemaker; Biventricular implantable cardiac defibrillator; 
Complete heart block; Cardiac arrest

Introduction

Takotsubo cardiomyopathy (TCM) is also known as broken 
heart syndrome, apical ballooning syndrome, or stress cardio-
myopathy. It was first described in Japan in 1990 by Hikaru 
Sato, MD, Ph.D. [1]. The condition’s hallmark is a transient 
acute left ventricular (LV) dysfunction associated with apical 
ballooning, without evidence of acute coronary artery pathol-
ogy. Increasing evidence suggests that microvascular myocar-
dial ischemia and catecholamine excess play a central role in 
the disease’s pathogenesis [2]. Despite all the proposed mecha-
nisms, the exact pathogenesis of TCM remains a mystery.

Despite the long-term favorable prognosis and transient 
nature of the condition, some cases of TCM exhibit more life-
threatening conditions, such as intermittent asystole, sudden 
cardiac death, and ventricular tachycardia (VT) (2-10%) [3-5]. 
The association between TCM and transient QT prolongation 
has been well described in prior literature, with an estimated 
prevalence of around 26% to 51% [6]. It is postulated to re-
sult from the reduced repolarization reserve, which reflects the 
transient myocardial insult of TCM [6]. Bradycardia-induced 
QT prolongation is amplified by the occurrence of TCM, which 
is a combination that carries a significant risk for torsade de 
pointes (TdP) [7, 8]. Nevertheless, polymorphic VT in the set-
ting of QT prolongation (TdP) was thought to be uncommon 
and occurs only in 1.2% of early studies [9]. The prognostic 
significance of QT prolongation in TCM remains uncertain, 
with conflicting reports in the available literature.

Atrioventricular (AV) conduction defects are rarely asso-
ciated with TCM, with a prevalence of about 2.9% [3, 9]. Very 
few reports have described third-degree heart block requiring 
pacing as a complication of TCM. Despite the placement of a 
pacemaker, AV node dysfunction persisted even after the re-
covery of the LV dysfunction [10, 11]. The conduction nor-
malized for some patients who were reassessed during a long-
term follow-up period [12]. The best method for managing AV 
blocks associated with TCM remains unclear.

We present a unique case of an 80-year-old female with 
TCM-related cardiac arrest associated with third-degree AV 
block, sporadic long QT syndrome, and bradycardia-induced 
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TdP. Furthermore, we conducted a thorough literature review 
of this rare presentation and will discuss the tremendous thera-
peutic challenges encountered in such patients.

Case Report

Investigations

An 80-year-old female with a past medical history of hyper-
tension on hydrochlorothiazide was brought to the emergency 
department (ED) after a cardiac arrest. She lost conscious-
ness at a live baseball game, following which the bystander’s 
started cardiopulmonary resuscitation (CPR), lasting for 10 
- 15 min. Automated external defibrillator (AED) showed a 
shockable rhythm, and she received two shocks. The rhythm 
was noted to be VT. She regained consciousness on her way 
to the hospital.

Upon arrival to the ED, the patient was alert and orient-
ed to time, place, and person. She denied any complaints of 
chest pain, palpitations, shortness of breath, lightheadedness, 
or dizziness. She reported no history of similar episodes, syn-
cope, myocardial ischemia, angina, or stroke in the past. She 
denied any family history of sudden cardiac death, myocardial 
infarction, or stroke. On exam, she was afebrile, and her blood 
pressure was 147/46 mm Hg, with a heart rate of 42/min. The 

respiratory rate was 18/min, and oxygen saturation was 93% 
on room air, point of maximal impulse (PMI) nondisplaced, 
normal first and second heart sounds, no murmurs, rubs, or 
gallops. Lungs were clear on auscultation bilaterally. No Jugu-
lar venous distension or lower extremity edema.

Laboratory investigations revealed normal hemoglobin 
12.2 g/dL (reference range (RR): 12.0 - 16.0 g/dL), white blood 
cell (WBC) count 10 × 103/µL (RR: 3.3 - 10.7 × 103/µL) and 
platelets count 286 × 103/µL (RR: 150 - 400 × 103/µL). The 
serum potassium was 3.9 mmol/L (RR: 3.5 - 5.2 mmol/L), se-
rum calcium was 8.9 mg/dL (RR: 8.6 - 10.8 mg/dL), and serum 
magnesium was significantly decreased at 1.3 mg/dL (RR: 1.6 
- 3.0 mg/dL). Patient had anion gap metabolic acidosis with 
elevated lactic acid of 3.7 (RR: 0.5 - 2 mmol/L) and elevated 
serum creatinine of 1.34 mmol/L (RR: 0.5 - 1.2 mmol/L). The 
high-sensitivity troponin I was elevated at 17 ng/mL and brain 
natriuretic peptide (BNP) level was 249 pg/mL (RR: < 450 pg/
mL). Laboratory results obtained on admission and their refer-
ence ranges are shown in Table 1.

The electrocardiogram (ECG) showed sinus bradycardia 
with a heart rate of 47/min and corrected QT (QTc) prolonga-
tion to 509 ms (Fig. 1). Transthoracic echocardiogram (TTE) 
revealed a left ventricular ejection fraction (LVEF) of 60-65% 
with normal LV function and no regional wall motion abnor-
malities. The chest X-ray showed no congestion, consolida-
tion, or effusion.

The patient received 4 g of intravenous (IV) magnesium 

Table 1.  Laboratory Results on Presentation and Their Reference Ranges

Laboratory test Patient’s result Reference range
White cells count (WCC) 10 × 103/µL 3.3 - 10.7 × 103/µL
Hemoglobin 12.2 g/dL 12.1 - 15.0 g/dL
Mean corpuscular volume (MCV) 95 fL 80 - 100 fL
Platelets 286 × 103/µL 150 - 400 × 103/µL
Serum sodium 138 mmol/L 133 - 144 mmol/L
Serum chloride 99 mmol/L 98 - 107 mmol/L
Serum potassium 3.9 mmol/L 3.5 - 5.2 mmol/L
Serum bicarbonate 20 mmol/L 21.0 - 28.0 mmol/L
Anion gap 13 mEq/L 3 - 11 mEq/L
Serum calcium 8.9 mg/dL 8.6 - 10.8 mg/dL
Serum magnesium 1.3 mg/dL 1.6 - 3.0 mg/dL
Blood urea nitrogen (BUN) 31 mg/dL 9.0 - 25.0 mg/dL
Serum creatinine 1.34 mmol/L 0.5 - 1.2 mmol/L
Serum glucose 158 g/dL 70 - 140 g/dL
Aspartate aminotransferase (AST) 87 U/L 7 - 52 U/L
Alanine aminotransferase (ALT) 51 U/L 13 - 39 U/L
International normalized ratio (INR) 1.07 < 1.1
Lactic acid 3.7 mmol/L 0.5 - 2.2 mmol/L
High-sensitivity troponin I 17 ng/mL 0 - 0.4 ng/L
Brain natriuretic peptide (BNP) 249 pg/mL < 450 pg/mL
Thyroid-stimulating hormone (TSH) 3.95 µIU/mL 0.5 - 5 µIU/mL
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sulfate for hypomagnesemia and 1 L of normal saline. Lactic 
acid continued trending down to 1.8 mmol/L. The second set 
of high-sensitivity troponin I was 85 ng/mL and subsequently 
the patient received aspirin 325 mg, clopidogrel 75 mg, statin, 
as well as therapeutic heparin drip. The third set of troponin I 
trended up to 206 ng/L. Two hours later, a repeat ECG showed 
wide complex bradycardia with QTc of 545 ms and a heart rate 
of 41 beats/min. This was interpreted as a junctional escape 
rhythm with a right bundle branch block.

Diagnosis

The patient was waiting transfer to the cardiac critical care 
unit when she developed ventricular fibrillation (VF) arrest. 
The episode happened coincidently when the patient requested 
to use the commode for micturition. The patient immediately 
received cardiac defibrillation with 200 J and CPR was contin-
ued for 6 min. Return of spontaneous circulation was achieved, 
and the patient mentation returned quickly. She denied hav-
ing any chest pain, palpitations, or lightheadedness prior to the 
event. ECG obtained thereafter revealed a complete heart block 
(CHB) with an accelerated junctional rhythm of 67 beats/min, 
QTc of 407 ms, and no acute ischemic change was noticed 
(Fig. 2) (Table 2). She underwent temporary venous pacing 
(TVP) with a programed lower rate limit (LRL) of 70 beats/
min. A repeat TTE showed a newly reduced ejection fraction 
(EF) of 20-25% with mid to apical segment severe hypokinesis 
(Fig. 3) (Supplementary Materials 1, 2, www.journalmc.org). 
Contractility was relatively preserved in the basal segments. 
The distribution of regional dysfunction raised the suspicion of 
TCM. Diagnosis was confirmed when no obstructive coronary 
lesions were seen on coronary angiography.

Treatment

During her hospital stay, the patient started to encounter dysp-
nea with minimal exertion and bilateral lower limb extremity 
swelling. The clinical examination showed oxygen saturation 
of 90% on room air, regular pulse of 69 beats/min, and the jug-
ular venous was elevated. The chest examination showed bilat-
eral inspiratory crackles on auscultation. The lower extremity 
examination showed bilateral pitting edema. The chest X-ray 
was consistent with features of bilateral pulmonary edema. 
Laboratory workup revealed worsening serum BNP to 2,984 
pg/mL. The patient was started on 3 L of oxygen via nasal can-
nula, IV diuretics, and goal-directed heart failure therapy. On 
day 3 of admission, she underwent an electrophysiologic (EP) 
study with the removal of TVP and insertion of a biventricu-
lar implantable cardioverter-defibrillator (BiV/ICD) to prevent 
further episodes of ventricular arrhythmia.

Postoperative course was uneventful, and the patient’s 
symptoms continued to improve, as well as her clinical exami-
nation. The heart rate was within the normal limit, and she was 
weaned from the supplemental oxygen. She was discharged 
home on day 10 of her hospital stay on oral torsemide, atorv-
astatin, aspirin, losartan, spironolactone, and oral magnesium 
supplements.

Follow-up and outcomes

Three months after the pacemaker placement, the patient had 
no new complaints. The ECG showed resolution of the QT 
prolongation and the persistence of high-grade AV block. The 
repeated TTE showed EF of 55-60% with a resolution of the 
regional wall motion abnormality as well as LV dysfunction.

Figure 1. ECG on admission demonstrated a junctional escape rhythm with right bundle branch block, 47 beats/min ventricular 
rate, and QTc of 509 ms. ECG: electrocardiogram.
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Discussion

Various types of arrhythmias have been described in the acute 
phase of TCM, which constitute a significant determinant 
of patient outcome [11]. Arrhythmias associated with TCM 
include sustained VT (1.2%), non-sustained VT (1%), VF 
(2.2%), atrial fibrillation (4.7%) and sinus node dysfunction 
(1.3%) [9]. The International Takotsubo Registry has demon-
strated that on admission ECG, the prevalence of QTc pro-
longation is higher in patients with TCM compared to acute 
coronary syndrome (ACS) [13]. The prevalence of QTc pro-
longation in TCM is variable, ranging from 26% to 51% [6]. 
It is postulated to result from the reduction in repolarization 
reserve and intra-myocyte calcium overload. Thus, it was pro-

posed that this temporary QT prolongation might reflect the 
acute disturbances in cardiac autonomic function and the tran-
sient myocardial insult of TCM [14]. Abe et al described 17 
patients, most of whom had a prolonged QTc interval in the 
acute and subacute phases of the condition. The QT interval 
normalized in all cases between 97 and 191 days from the on-
set of symptoms [15].

The prognostic significance of QT prolongation in the 
setting of TCM remains uncertain with conflicting data in the 
literature. In earlier studies, polymorphic VT is considered 
uncommon and occurs only in 1-1.5% of cases with acquired 
long QT due to TCM [9]. Hohneck et al retrospectively ana-
lyzed 105 patients with TCM and concluded that QT interval 
prolongation is a negative independent predictor of adverse 
outcome [16]. In a prospective cohort study, Imran et al have 
shown that TCM patients with a long QT interval, or devel-
oped acquired long QT syndrome, are more likely to be intu-
bated, require vasopressor support, develop cardiogenic shock, 
ventricular arrhythmias, and death than those with a normal 
QT interval [7]. Santoro et al further described that TCM pa-
tients with prolonged QTc interval on admission had a higher 
risk of cardiovascular rehospitalization. In contrast, patients 
with a dynamic increase in QTc intervals after admission tend 
to have a better prognosis [17]. This indicates a difference in 
outcome between TCM-induced QT prolongation and patients 
with underlying long QT syndrome. This critical distinction 
could explain the significant heterogeneity in literature.

Severe repolarization abnormalities in TCM are expected 
to manifest within 24 - 48 h of presentation [6]. However, in 
our case, severe QTc prolongation was present on admission, 
thus indicating an underlying long QT syndrome that was un-
masked by ventricular slowing in the setting of an AV nodal 
insult. This likely resulted in an R over T phenomenon, which 
precipitated the VF with sudden cardiac arrest. The occurrence 

Figure 2. ECG obtained immediately after ventricular fibrillation arrest showing complete heart block with an accelerated junc-
tional rhythm with a heart rate of 67 beats/min and QTc of 407 ms. ECG: electrocardiogram.

Table 2.  QTc and Heart Rate (HR) Trends in Real-Time From 
the Time of Admission

Hospital staya Time HR (beats/min) QTc (ms)
Day 1 16:28 47 509

16:31 46 519
17:00 41 537
17:49 41 545
17:50 41 536
18:05 67 407

Day 2 16:20 85 466
16:21 67 405
22:00

aPatient was admitted at 16:25. Notice the resolution of QTc interval pro-
longation following temporary venous pacing (TVP) with a programed 
lower rate limit (LRL) of 70 beats/min. QTC: corrected QT interval.
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of TCM amplifies QT interval prolongation in multiple simi-
lar literature [14, 18, 19]. Additionally, hypomagnesemia and 
the administration of ondansetron likely contributed to the QT 
prolongation. The negative genetic analysis indicated that our 
patient had acquired a sporadic long QT syndrome.

AV conduction defects in the TCM setting have been pre-
viously described, with a prevalence of about 2.9% [9]. The 
exact association between AV block and TCM is unclear, but 
the continuous ischemic status can explain it due to the micro-
vascular dysfunction [2, 8]. On the other hand, previous AV 
block and its interventions, such as temporary or permanent 
pacemaker implantation, have been described as triggers of 
TCM [20, 21]. Myocardial abnormalities associated with AV 
nodal dysfunction, such as fibrosis and edema, are believed to 
create ventricular stimuli and contractile dysfunction leading 
to TCM [8, 22]. However, the definitive demonstration of a 
cause-and-effect relationship between myocardial edema and 
electrical abnormalities is still lacking [22]. Thus, it is dif-
ficult to know whether AV block is the cause or the result of 
TCM.

A handful of reports have described TCM patients present-
ing with third-degree AV blocks [12, 20, 23-25]. Most cases of 
complete AV block associated with TCM have been described 
in elderly individuals, who are more prone to have a degen-
erative conductive system disease. Among those reports re-
quiring pacemaker placement, AV node dysfunction persisted 
long after the recovery of the LV function [26]. Nevertheless, 
conduction normalized for some patients over a long-term fol-
low-up period [12, 25]. Therefore, the best method for manag-
ing high-grade AV block associated with TCM is difficult to 
discern at the time of diagnosis and remains uncertain due to 
the lack of robust literature. Stiermaier et al [10] assessed the 
treatment strategies for arrhythmias in a cohort of 286 patients 
with TCM. Patients who had complete AV block or ventricu-
lar asystole on presentation, and did not undergo pacemaker 
implantation, had a higher likelihood of sudden death. They 
recommended that the bradyarrhythmia in the acute setting 
of TCM may require permanent pacemaker implantation. In 
contrast, polymorphic ventricular arrhythmias may be man-

aged with a temporary approach (e.g., wearable cardioverter 
defibrillators) until the recovery of repolarization time and LV 
function [10].

Because the specific degree of damage in the AV conduc-
tion system in TCM is unknown, along with recurrent VTs 
and cardiac arrest, we opted for temporary pacing followed by 
the implantation of a BiV-ICD. Due to the patient’s age and 
the presence of the third-degree AV block on the diagnosis of 
TCM, it is difficult to discern whether the TCM was the cause 
or result of the third-degree AV block itself. In our review 
of the literature, we were able to identify five reports simi-
lar to our case (Table 3) [8, 19, 24, 26, 27]. Cases occurred 
in middle-aged or elderly females. All patients exhibited the 
ominous triad of CHB, acquired long QT, and bradycardia-
induced TdP, resulting in either near cardiac arrest or cardiac 
arrest within the first 48 h of admission. Including our case, 
it is unclear whether TCM is the cause or effect of the ar-
rhythmia, considering the evolution of TCM echocardio-
graphic findings both immediately before and after the dis-
crete episodes of TdP. All cases demonstrated the persistence 
of an AV nodal conduction defect, despite improvements in 
the LV function, requiring permanent pacing and a single or 
dual-chamber implantable cardioverter-defibrillator ICD. The 
rapid progression to TdP and VF suggests that TCM patients 
with a high-grade AV block, along with a QT prolongation of 
> 550 ms at the time of presentation, should receive a tempo-
rary pacemaker without delay.

Conclusions

TCM could trigger QT prolongation in certain cases. Patients 
with an underlying long QT syndrome represent a particular 
subset of patients predisposed to TdP early during TCM and 
are at a higher risk of adverse outcomes. It is crucial to monitor 
the QTc in patients with TCM, correct electrolyte abnormali-
ties, and minimize QT-prolonging medications. The recogni-
tion of AV conduction defects in patients with TCM is critical, 
especially if associated with a significant QT prolongation. 

Figure 3. Echocardiogram with (right image) and without (left image) contrast enhancement showing typical apical ballooning 
(blue arrow) with relatively spared basal segment and mid to apical segment akinesis.
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Such situations are underrecognized but are potentially fatal, 
necessitating close monitoring and timely intervention.

Learning points

•	 TCM could precipitate or worsen underlying AV conduc-
tion defects.

•	 Bradycardia-induced QT interval prolongation is ampli-
fied by the occurrence of TCM, a combination that poten-
tially fatal and carries a significant risk for TdP.

•	 The recognition of AV conduction defects and long QT 
interval in patients with TCM is critical. Close monitor-
ing and timely interventions are key in preventing cata-
strophic outcomes.

•	 CHB associated with TCM may require permanent pac-
ing.

Supplementary Material

Suppl 1. Echocardiogram showing severely reduced left ven-
tricular function and relatively spared basal segment and mid 
to apical segments akinesis (apical ballooning).
Suppl 2. Contrast-enhanced echocardiogram showing severe-
ly reduced left ventricular function and relatively spared basal 
segment and mid to apical segments akinesis (apical balloon-
ing).
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