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Abstract

Background: Takotsubo syndrome (TTS) is an acute cardiac condition characterized by a temporary wall motion abnormality of the left
ventricle that mimics an acute coronary syndrome (ACS). TTS usually occurs following emotional or physical triggering event. More
recently, sporadic cases of TTS arising after pacemaker implantation were reported. Methods: We performed a systematic review of the
available literature to provide a comprehensive overview of the current knowledge about pacemaker implantation-induced TTS.Results:
The articles selected included case reports and one registry on 28 patients. Most cases occurred in women (75%), encompassing a broad
age range. The mean age of the cases described was 74 years. Full recovery of cardiac function was reported in most cases (92.3%),
with largely varying recovery times, on average 7 weeks. The most common comorbidity was arterial hypertension and the average
ejection fraction at admission was approximately 62%. Clinical severity ranges from asymptomatic cases to severe clinical heart failure
syndrome. Altogether the case fatality rate was 3.6%. Conclusions: For rare it might be, awareness about the potential to develop TTS
after pacemaker implantation should prompt careful clinical monitoring, with daily electrocardiogram (ECG) monitoring and at least one
echocardiographic examination prior to patients’ discharge to allow early diagnosis and minimize the clinical risk.
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1. Introduction
Takotsubo syndrome (TTS) was first described in

Japan in the 1990s and is usually characterized by transient
wall motion abnormalities of the left ventricle (LV) mim-
icking an acute coronary syndrome (ACS) [1]. Tradition-
ally, TTS has been typically reported after an emotional or
physical trigger event [2]. However, growing clinical expe-
rience revealed that several alternative mechanisms can be
responsible for TTS, including catecholamine-induced my-
ocardial stunning and inflammation, coronary microvascu-
lar dysfunction, andmyocardial microinfarction [3,4], mak-
ing up a prevalence of 1–3% among all patients presenting
with suspected ST-Elevation coronary syndrome [5,6].

Initially believed of being a very rare condition, it has
gradually emerged that several different stimuli can elicit
TTS, including pacemaker implantation. The increasing
complexity in the assessment of TTS has recently prompted
the development of standardized diagnostic criteria, such as
the score proposed by the international consensus on TTS
(InterTAK Score), as reported in Table 1 [7].

In this context, our aim was to provide a comprehen-
sive overview of the current knowledge about pacemaker-
induced TTS.

2. Methods
For this purpose, we performed a review of the lit-

erature on PubMed and Google Scholar. The follow-
ing keywords have been used for the research: (“takot-
subo cardiomyopathy” [MeSH Terms]) OR (takotsubo syn-
drome [MeSH Terms]) OR (takotsubo pacemaker [Ti-
tle]) AND (pacemaker [Text Word]) AND (English [Lan-
guage]). Search results were screened according to the
PRISMA protocol by two investigators (AS, IL) indepen-
dently to identify eligible articles. Divergencies were re-
solved though discussion on study methodology until con-
sensus was reached. Studies were selected if they fulfilled
all the pre-defined inclusion criteria reported. Criteria for
inclusion were: (i) original data; (ii) presence of apical bal-
looning; (iii) exclusion of obstructive CAD; (iv) other car-
diomyopathies ruled out or unlikely; and (v) occurrence
shortly following pacemaker implantation. Exclusion cri-
teria were: the diagnosis of Takotsubo syndrome wasn’t
confirmed nor sufficiently discussed; no relationship with
pacemaker implantation was reported; systematic review or
meta-analyses. Data extraction was performed by two inde-
pendent authors (AS, SDR), with divergences resolved by
consensus. Baseline characteristics were extracted, includ-
ing age, gender, cardiovascular risk factors, timing of TTS
onset respect to pacemaker implantation, clinical presenta-
tion and symptoms, clinical outcome and recovery time.
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Table 1. Diagnostic criteria proposed by the international consensus on TTS.
1. Transient left ventricular dysfunction (hypokinesia, akinesia, or dyskinesia) presenting as apical ballooning or midventricular, basal, or
focal wall motion abnormalities that usually don’t correspond to a single epicardial vascular distribution. Right ventricular involvement
can be also present.
2. The acute event is usually preceded by a stressor (either emotional or physical).
3. Neurologic disorders (particularly vascular disease) as well as pheochromocytoma can also be triggers for takotsubo syndrome.
4. Electrocardiogram (ECG) usually shows new abnormalities (particularly in the ST-T tract).
5. Cardiac biomarkers (troponin and creatine kinase) are usually elevated as well as brain natriuretic peptide.
6. Significant coronary artery disease could also be diagnosed in patients with takotsubo syndrome and does not represent an exclusion
criterion for the diagnosis.
7. Patients should have no evidence of infectious myocarditis. Cardiac magnetic resonance could be helpful in distinguish the two condi-
tions.
8. Postmenopausal women represent the majority of takotsubo cases.

3. Results and Discussion
Our search retrieved 54 articles, published between

2006 and 2022. Of those, 18 papers were eligible for in-
clusion. Thirty-six publications were excluded from the
original search. Exclusion criteria are reported in detail in
the PRISMA flowchart (Fig. 1) and includecase reports of
Takotsubo syndrome not related to device implantation, du-
plicate studies. The articles selected included 17 case re-
ports and one monocentre registry including altogether 28
patients (21 female and 7 male) that developed TTS after
a pacemaker (PM) implantation, mean age 74 years (range
0–91 years), the most common comorbidity was arterial hy-
pertension followed by atrial fibrillation and diabetes mel-
litus. In almost all the articles included in our review, the
only echocardiographic feature reported was the left ven-
tricular ejection fraction (LVEF). In the most case it was
in the normal range with few cases that presented a mild
reduced LVEF, among the cases where it was reported the
mean value was approximately 62% (range 50–75%) [8–
25].

In 19 cases the indication to PM implantation was atri-
oventricular (AV) conduction defect (AV block) or atrial
fibrillation (AF) with slow ventricular response), and Sick
Sinus Syndrome (SSS) in the remaining 9 cases. Most of
devices implanted were dual chamber PM (n = 23). Clini-
cal details on all cases included are reported in Table 2 (Ref.
[8–25]). Usually, TTS occurs in postmenopausal women
and only in 9.7% of cases it affects men [26]. It’s interesting
that, in this specific setting, men represent approximately
25% of the population. ECG changes were recorded in al-
most all cases, except for very few cases [12,13,16,23,24] in
which ventricular pacing probably masked its ECG mark-
ers. A recent study [27] has documented that persistent ST
elevation (PSTE), defined as ≤50% resolution of peak ST
elevation within 48 h from admission, is a relative common
characteristic of TTS with a prevalence of 19% and that it
is also a prognostic marker. In fact, patients with PSTE
had a significantly major number of in-hospital complica-
tions and of major adverse cardiovascular events (MACE)
at long-term follow-up. Among the cases that we have re-

Fig. 1. PRISMA Flowchart describing articles’ screening and
selection processes.

ported seven presented ST elevation [8,10,14,15,20] how-
ever the authors did not describe if it was persistent. Most
patients were symptomatic, with symptoms appearing be-
tween the first 10 minutes [8] and up to three days after
implantation [18]. However, in about 86% of cases the de-
velopment of symptoms was recorded in the first 24 hours
after PM implantation. Clinical presentation of TTS af-
ter PM implantation has been variable, some patients re-
ferred dyspnoea, chest discomfort, orthopnoea, nausea, and
light-headedness, some debuted with hypotension and, the
severe cases presented acute pulmonary oedema and life-
threatening arrhythmias. Altogether, six were completely
asymptomatic [14,20,23,24], with TTS diagnosed only af-
ter routine examinations. For this reason, the real incidence
of TTS following pacemaker implantation may be underes-
timated.
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Table 2. Patients’ characteristics and clinical course of all reported cases.
Authors Sex Age Indication for PM

implantation
Type of PM Clinical presentation Recovery Time for

recovery
ECG abnormalities Time to onset of

symptoms after PM
implantation

Complications
of TTS

Death

Kurisu et al. [8]
Female 89 AV block Dual chamber Chest discomfort No Permanent

dysfunction
ST-segment elevation in leads I, aVL and
V2–6

10 minutes AHF No

Female 77 AV block Dual chamber Orthopnea No Permanent
dysfunction

ST-segment elevation in leads V2–6 3 days AHF No

Chun et al. [9] Female 77 SSS Dual chamber Asymptomatic Yes 6 weeks inverted T waves V2–4 - No No
Abu Sham’a et al.
[11]

Female 86 AV block Dual chamber Acute pulmonary
edema

Yes 1 week prolongation of the QTc interval 1 day Acute
pulmonary
edema

No

Kohnen et al. [10] Female 83 SSS Dual chamber Dyspnea Yes 9 weeks ST-segment elevations in the inferior and
precordial leads

Few Hours Left ventricular
thrombus

No

Golzio et al. [14]
Female 67 AV block Dual chamber Chest pain Yes 12 weeks ST-segment elevation in V2, T-wave inver-

sion in leads DII-DIII-aVF and V3–V6
1 day No No

Female 64 SSS Dual chamber Asymptomatic Yes 12 weeks ST-segment elevation in leads DII, DIII, aVF
and V2–V6

- No No

Brunetti et al. [12] Female 65 AV block Dual chamber Dyspnea Yes 1 week Paced Few Hours AHF No
Mazurek et al. [13] Male 77 AV block Dual chamber Dyspnea Yes 1 day Paced Few Hours Acute

pulmonary
edema

No

Gardini et al. [15] Female 75 AV block Dual chamber Chest pain and Dys-
pnea

Yes Some days ST segment elevation in inferior and anterior
leads.

Few Hours No No

Postema et al. [16] Female 61 AV block Dual chamber Chest pain and or-
thopnoea

Yes 3 weeks Paced 1 day AHF No

Kinbara et al. [18] Female 69 AV block Dual chamber Chest pain and syn-
cope

- - VT 3 days VT, VF, Acute
pulmonary
edema

Yes

Dias et al. [17] Female 72 AV block - Nausea and light-
headedness

- - - Few Hours AHF No
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Table 2. Continued.
Authors Sex Age Indication for PM

implantation
Type of PM Clinical presentation Recovery Time for

recovery
ECG abnormalities Time to onset of

symptoms after PM
implantation

Complications
of TTS

Death

Daswood et al. [19] Female 76 SSS Dual chamber Chest pain, Hy-
potension

Yes 24 weeks Global deep T wave inversions 1 day Hypotension,
Hypoxia

No

Lazzari et al. [20] Female 67 SSS Dual chamber Asymptomatic Yes 6 weeks ST-segment elevation of 1 mm in the precor-
dial leads V2-5, rapidly changing to negative
T-waves, and widespread repolarization ab-
normalities

- No No

Wei et al. [21] Female 72 AV block Dual chamber Chest pain and Dys-
pnea

Yes 16 weeks T waves inversion in the pericardial leads 1 day AHF No

Wakatsuki et al. [22] Female 81 SSS Dual chamber Onset with ventricu-
lar tachycardia

Yes 2 weeks giant negative T waves and a prolonged QT
interval

1 day VT, VF No

Niewinski et al. [23]

Female 75 AV block Dual chamber Chest pain Yes - Paced 2 days No No
Male 73 AF with slow ven-

tricular response
Single chamber Hypotension Yes - LAH Fews hours AHF No

Female 87 AV block Dual chamber Asymptomatic Yes - Paced - No No
Female 88 SSS Single chamber Hypotension Yes - ST segment denivelation Fews hours AHF No
Male 80 AV block Dual chamber Dyspnea Yes - Paced Fews hours AHF No
Male 75 AF with slow ven-

tricular response
Single chamber Asymptomatic Yes - ST segment denivelation - No No

Male 89 SSS Dual chamber Asymptomatic Yes - Q-waves - No No
Female 77 AF with slow ven-

tricular response
Single chamber Dyspnea Yes - ST segment denivelation and pronlonger QT

interval
Fews hours AHF No

Male 92 SSS Dual chamber Dyspnea, chest pain Yes - LBBB Fews hours Elevation
pacing

thresholds

No

Iqbal et al. [24] Female 84 days AV block Dual chamber - Yes 8 weeks Paced - No No
Moinudddin et al.
[25]

Male 65 AV block Dual chamber Syncope Yes 4 weeks Paced/LBB Fews hours Hypotension No

AV block, atrioventricular block; SSS, sick sinus syndrome; AF, atrial fibrillation; VT, ventricular tachycardia; VF, ventricular fibrillation; LAH, left anterior hemiblock; LBBB, left bundle brunch block; AHF, acute
heart failure
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Iqbal et al. [2] reported the case of a new-born who
underwent PM implantation for congenital heart block and
hemodynamic instability that developed TTS and apical
ballooning early after the procedure. The documented wall
motion abnormalities (WMAs) at echocardiography per-
sisted at 20 days follow-up, followed by partial recovery,
after starting pharmacological therapy, at 23 days follow-
up and complete recovery at ten months of age.

Mean recovery time for LV systolic function among
the reported cases was approximately 7 weeks, although
Kurisu et al. [8] described two cases of persistent LV dys-
function following TTS. Lack of recovery of LV function
could be explained either by a too short follow-up period
(maximum 4 months) or by an additive potential harmful
effect induced by pacing in the context of TTS. Ventricu-
lar pacing could in fact cause alterations in electrical and
mechanical activation [28–32]. Data reported in literature
showing that chronic pacing at a threshold of 40% pacing
burden is cause of LV dysfunction.

In addition, we observed longer recovery times in
those cases, compared to the remaining cases described in
the literature. Unfortunately, the authors who described
the above cases did not report the percentage of ventricular
pacing, information that could have made this observation
more significant and support the hypothesis of a negative
effect on the recovery times of LV function in the setting of
TTS in case of a high percentage of ventricular pacing.

LV apical oedema and inflammation, common char-
acteristics in TTS, could be the cause, in the acute set-
ting, of transient dysfunction of the device [33,34]. Prob-
ably myocardial oedema is able to increase local tissue
impedance and therefore causing increased pacing thresh-
old, particularly, with bipolar pacing [34,35]. This hypoth-
esis seems to be supported by the significant correlation be-
tween corrected QT interval (QTc) an indirect sign of my-
ocardial oedema, and ventricular pacing thresholds. How-
ever, Brunetti et al. [36] reported a case of delayed transient
ventricular pacing failure in a patient with TTS discharged
after partial recovery of LV function, who was referred after
4 weeks with pacing failure, due to a concomitant increase
in pacing threshold, subsequently returned within normal
ranges after complete LV function recovery. In the case de-
scribed by Brunetti et al. [36] report probably, delayed ev-
idence of pacing failure may coincide with further delayed
QT prolongation, which usually peaks in the subacute phase
of TTS rather than in the acute phase [37]. Alternatively, it
is possible that other conditions beyond QTc prolongation
may have influenced ventricular pacing threshold and QT
length.

TTS was traditionally considered a benign disease.
However, recent data demonstrated that rates of cardiogenic
shock and death are comparable to ACS patients treated
according to current guidelines [38–44] and despite long-
term follow-up data are missing, the clinical consequences
should not be underestimated. In fact, in 4 of the reported

cases the patient had haemodynamic instability [9,14,23].
Moreover, in other 2 of the reported cases the patient had
ventricular tachycardia/fibrillation [22] and of these one
died acutely [18].

Interestingly, the absence of symptoms at onset did
not always predict a benign course. Indeed, in the case de-
scribed by Wakatsuki et al. [22] the patient was asymp-
tomatic, but she developed polymorphic ventricular tachy-
cardia later. For these reasons, routine investigations are
suggested to early identify potentially life-threatening com-
plications even in asymptomatic patients.

Niewinski et al. [23] recently conducted a retrospec-
tive analysis in one high volume implantation centre, identi-
fying nine cases of TTS following PM, with a prevalence of
0.54% in the analysed period (1655 devices implanted be-
tween 2013–2017). In their study, female gender was not
predictive of TTS, while the presence of any cognitive de-
cline and frailty syndrome were independent risk factors or
TTS occurrence in the described cohort [23].

Evidence-based guidelines for the treatment of TTS
are lacking, and current therapeutic strategies are mainly
based on clinical experience and expert consensus docu-
ments.

Fig. 2. TTS onset time after pacemaker implantation.

One open question is whether there might be predict-
ing elements to risk-stratify patients. However, only a mul-
ticentre prospective study could provide an answer to this
question. Based on currently available information, despite
the clinical course was benign in most cases, we should fo-
cus our efforts on early diagnosis. In fact, even if symp-
tomatic cases generally presented a benign course, early
diagnosis might be crucial in specific cases. What might
the most efficient and effective strategy to identify simi-
lar cases? Looking at the available data, the onset of TTS
was between a few minutes up to three days after device
implantation. However, most cases manifested very early
after the implantation procedure. In fact, 86% of patients
manifested signs or symptoms of TTS within the first 24
hours after PM implantation (Fig. 2). This would render
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the probability of missing a diagnosis rather low, as a sim-
ple fast echocardiogram at discharge would very efficiently
identify TTS-related signs. Of course, more solid clinical
evidence, ideally from prospective studies is needed to bet-
ter inform clinical practice in this setting.

4. Limitations
The main limitation of this review is that most of the

information comes from case reports (17 out of 18 articles)
and only one monocentre registry. Therefore, a systematic
collection of the clinical and instrumental characteristics of
the patients was not performed. Furthermore, no long-term
follow-up data are available. However, despite the limited
duration of follow up available, the evidence of full recov-
ery of cardiac function in 92.3% of cases is reassuring.

5. Conclusions
As pacemaker implantation was recently described as

a potential trigger for TTS, we performed a systematic re-
vision of the published literature. Our findings suggest the
incidence of TTS after is not so rare as one might think.
In fact, the picture showed by our results is a case rate of
approximately 0.5%, which could be an underestimation.
Furthermore, it is possible that the characteristics of patients
affected by TTS after PM implantation reported here do not
fully mirror the general population. Several questions still
remain open. For example, the typical inflammation and
oedema usually found in TTS could be the cause of tran-
sient device malfunction. Looking at the clinical course of
all clinical cases described so far, daily ECG monitoring
and an echocardiogram targeted towall motion examination
prior to patients’ dischargemight be helpful to minimize the
risk of missing this infrequent, yet dreadful complication of
PM implantation.

Abbreviations
AV block, atrioventricular block; SSS, sick sinus syn-

drome; AF, atrial fibrillation; VT, ventricular tachycardia;
VF, ventricular fibrillation; LAH, left anterior hemiblock;
LBBB, left bundle brunch block; AHF, acute heart failure.

Author Contributions
AS—conceptualization. AS and SDR—study design,

project management and manuscript draft. AS, IL, SDR,
JS, LRR, GC, CC—data collection and analysis. AS, SDR,
IL, CI—critical revision. All authors discussed the results
and contributed to the final manuscript.

Ethics Approval and Consent to Participate
Not applicable.

Acknowledgment
Not applicable.

Funding
This research received no external funding.

Conflict of Interest
The author declares no conflict of interest. Salvatore

De Rosa is serving as one of the Editorial Board members
and Guest editors of this journal. Ciro Indolfi is serving as
Guest Editor of this journal. We declare that Salvatore De
Rosa andCiro Indolfi had no involvement in the peer review
of this article and has no access to information regarding its
peer review. Full responsibility for the editorial process for
this article was delegated to Jerome L. Fleg.

Supplementary Material
Supplementary material associated with this article

can be found, in the online version, at https://doi.org/10.
31083/j.rcm2312401.

References
[1] Sato H. Tako-tsubo-like left ventricular dysfunction due to mul-

tivessel coronary spasm. Clinical Aspect of Myocardial Injury:
From Ischemia to Heart Failure. 1990; 56–64.

[2] Templin C, Ghadri JR, Diekmann J, Napp LC, Bataiosu DR, Ja-
guszewski M, et al. Clinical features and outcomes of takotsubo
(stress) cardiomyopathy. The NewEngland Journal ofMedicine.
2015; 373: 929–938.

[3] Pelliccia F, Kaski JC, Crea F, Camici PG. Pathophysiology of
Takotsubo Syndrome. Circulation. 2017; 135: 2426–2441.

[4] Li P, Wang Y, Liang J, Zuo X, Li Q, Sherif AA, et al. Takot-
subo syndrome and respiratory diseases: A systematic review.
European Heart Journal Open. 2022; 24: oeac009.

[5] Prasad A, Dangas G, Srinivasan M, Yu J, Gersh BJ, Mehran R,
et al. Incidence and angiographic characteristics of patients with
apical ballooning syndrome (takotsubo/stress cardiomyopathy)
in the HORIZONS-AMI trial: an analysis from amulticenter, in-
ternational study of ST-elevationmyocardial infarction. Catheter
Cardiovasc Interventions. 2014; 83: 343–348.

[6] Sueda S, Sakaue T. Intracoronary acetylcholine testing among
746 consecutive Japanese patients with angina-like chest pain
and unobstructed coronary artery disease. European Heart Jour-
nal Open. 2022; 2: oeab012.

[7] Ghadri JR, Wittstein IS, Prasad A, Sharkey S, Dote K, Akashi
YJ, et al. International Expert Consensus Document on Takot-
subo Syndrome (Part I): Clinical Characteristics, Diagnostic Cri-
teria, and Pathophysiology. European Heart Journal. 2018; 39:
2032–2046.

[8] Kurisu S, Inoue I, Kawagoe T, Ishihara M, Shimatani Y, Hata
T, et al. Persistent left ventricular dysfunction in takotsubo car-
diomyopathy after pacemaker implantation. Circulation Journal.
2006; 70: 641–644.

[9] Chun SG, Kwok V, Pang DK, Lau TK. Transient left ventricu-
lar apical ballooning syndrome (takotsubo cardiomyopathy) as
a complication of permanent pacemaker implantation. Interna-
tional Journal of Cardiology. 2007; 117: 27–30.

[10] Kohnen RF, Baur LH. A Dutch case of a takotsubo cardiomy-
opathy after pacemaker implantation. Netherlands Heart Jour-
nal. 2009; 17: 487–490.

[11] Abu Sham’a RA, Asher E, Luria D, Berger M, Glikson M. Api-
cal ballooning syndrome: a complication of dual chamber pace-
maker implantation. Indian Pacing and Electrophysiology Jour-
nal. 2009; 9: 229–232.

6

https://doi.org/10.31083/j.rcm2312401
https://doi.org/10.31083/j.rcm2312401
https://www.imrpress.com


[12] Brunetti ND, Ieva R, Correale M, De Gennaro L, Pellegrino PL,
Dioguardi E, et al. Combined exogenous and endogenous cat-
echolamine release associated with Tako-Tsubo like syndrome
in a patient with atrio-ventricular block undergoing pace-maker
implantation. Acute Cardiac Care. 2011; 13: 112–114.

[13] Mazurek JA, Gundewar S, Ji SY, Grushko M, Krumerman A.
Left ventricular apical ballooning syndrome after pacemaker im-
plantation in a male. Journal of Cardiology Cases. 2011; 3: 154–
158.

[14] Golzio PG, Anselmino M, Presutti D, Cerrato E, Bollati M,
Gaita F. Takotsubo cardiomyopathy as a complication of pace-
maker implantation. Journal of Cardiovascular Medicine. 2011;
12: 7547–7560.

[15] Gardini A, Fracassi F, Boldi E, Albiero R. Apical ballooning
syndrome (takotsubo cardiomyopathy) after permanent dual-
chamber pacemaker implantation. Case Reports in Cardiology.
2012; 308580.

[16] Postema PG,Wiersma JJ, van der Bilt IA, Dekkers P, van Bergen
PF. Takotsubo cardiomyopathy shortly following pacemaker
implantation-case report and review of the literature. Nether-
lands Heart Journal. 2014; 22: 456–459.

[17] Dias A, Franco E, Usatii V. Stress-induced cardiomyopathy
shortly after pacemaker placement. Journal of Invasive Cardi-
ology. 2013; 25: 207–209.

[18] Kinbara T, Hayano T, Otani N, Furutani Y, Murakami T, Yano
M. An autopsy case of tako-tsubo cardiomyopathy presenting
ventricular tachycardia after pacemaker implantation. Journal of
Cardiology Cases. 2013; 8: 134–137.

[19] Dashwood A, Rahman A, Marashi HA, Jennings C, Raniga
M, Dhillon P. Pacemaker-induced takotsubo cardiomyopathy.
HeartRhythm Case Reports. 2016; 2: 272–276.

[20] Lazzari L, Di Meo F, Crocetti A, Castelli M, Marini C, Donzelli
S, et al. Description of asymptomatic takotsubo cardiomyopa-
thy after dual chamber pacemaker implantation: are inverted T-
waves always related to cardiac memory? Minerva Cardiology
and Angiology. 2017; 65: 108–109

[21] Wei ZH, Dai Q, Wu H, Song J, Wang L, Xu B. Takotsubo car-
diomyopathy after pacemaker implantation. Journal of Geriatric
Cardiology. 2018; 15: 246–248.

[22] Wakatsuki D, Asano T, Mase H, Kurata M, Suzuki H. A case
of takotsubo cardiomyopathy developing ventricular fibrillation
after a pacemaker implantation. Journal of Cardiology Cases.
2020; 21: 149–152.

[23] Niewinski P, Walczak T, Królicki T, Kudla T, Jagielski D,
Nowak K, et al. Frailty and cognitive impairment are predic-
tive of takotsubo syndrome following pacemaker implantation.
Pacing and Clinical Electrophysiology. 2020; 43: 730–736.

[24] Iqbal M, Umapathi KK, Morales R, Mubayed L, Bokowski JW,
Eltayeb O, et al. Early-Onset Cardiomyopathy after Pacemaker
Implanted in a Preterm Infant with Congenital Complete Heart
Block and Anti-Ro/SSA Antibodies. Texas Heart Institute Jour-
nal. 2021; 48: e197201.

[25] Moinudddin I, Anjum I, Zia U, Bila Zia M, Ali S. A rare case
of permanent pacemaker-induced takotsubo cardiomyopathy in
a male patient. Qatar Medical Journal. 2022; 2022: 4.

[26] DeshmukhA, Kumar G, Pant S, Rihal C,Murugiah K,Mehta JL.
Prevalence of Takotsubo cardiomyopathy in the United States.
American Heart Journal. 2012; 164: 66–71.

[27] Santoro F, Stiermaier T, Tarantino N, Guastafierro F, Graf T,
Möller C, et al. Impact of persistent ST elevation on outcome
in patients with Takotsubo syndrome. Results from the GErman
Italian STress Cardiomyopathy (GEIST) registry. International
Journal of Cardiology. 2018; 255: 140–144.

[28] Rodriguez LM, Timmermans C, Nabar A, Beatty G,Wellens HJ.
Variable patterns of septal activation in patients with left bundle
branch block and heart failure. Journal of Cardiovascular Elec-

trophysiology. 2003; 14: 135–141.
[29] Auricchio A, Fantoni C, Regoli F, Carbucicchio C, Goette A,

Geller C, et al. Characterization of left ventricular activation in
patients with heart failure and left bundlebranch block. Circula-
tion. 2004; 109:1133–1139.

[30] Vassallo JA, Cassidy DM, Miller JM, Buxton AE, Marchlinski
FE, Josephson ME. Left ventricular endocardial activation dur-
ing right ventricular pacing: Effect of underlying heart disease.
Journal of the American College of Cardiology. 1986; 7: 1228–
1233.

[31] Prinzen FW, Augustijn CH, Arts T, Allessie MA, Reneman RS.
Redistribution ofmyocardial fiber strain and blood flow by asyn-
chronous activation. American Journal of Physiology-Heart and
Circulatory Physiology. 1990; 259: 300–308.

[32] Tse HF, Lau CP. Long-term effect of right ventricular pacing
on myocardial perfusion and function. Journal of the American
College of Cardiology. 1997; 29: 744–749.

[33] Wissner E, Fortuin FD, Scott LR, Altemose GT. Reversible
pacemaker dysfunction in a patient with transient cardiac api-
cal ballooning syn-drome: a case report. Europace. 2008; 10:
1105–1107.

[34] Chikata A, Omi W, Saeki T, Nagai H, Sakagami S. Re-
peated pacemaker dysfunction in a patient with recurrent Takot-
subo cardiomyopathyprecipitated by hyponatremia. Interna-
tional Journal of Cardiology. 2014; 170: 443–444.

[35] Grauhan O, Müller J, Knosalla C, Cohnert T, Siniawski H, Volk
HD, et al. Electricmyocardial impedance registration in humoral
rejection after heart transplantation. The Journal of Heart and
Lung Transplantation. 1996; 15: 136–143.

[36] Brunetti ND, D’Arienzo G, Sai R, Pellegrino PL, Ziccardi L,
Santoro F, et al. Delayed ventricular pacing failure and corre-
lations between pacing thresholds, left ventricular ejection frac-
tion, and QTc values in a male with Takotsubo cardiomyopathy.
Clinical Cardiology. 2018; 41: 1487–1490.

[37] Matsuoka K, Okubo S, Fujii E, Uchida F, Kasai A, Aoki T. Eval-
uation of the arrhythmogene-city of stress induced‘Takotsubo
cardiomyopathy’from the timecourse of the 12-lead surface
electrocardiogram. American Journal of Cardiology. 2003; 92:
230–233.

[38] Tornvall P, Collste O, Ehrenborg E, Jarnbert-Petterson H. A
case-control study of risk markers and mortality in Takotsubo
stress cardiomyopathy. Journal of the American College of Car-
diology. 2016; 67: 1931–1936.

[39] Stiermaier T, Eitel C, Desch S, Fuernau G, Schuler G, Thiele
H, et al. Incidence, determinants and prognostic relevance of
cardiogenic shock in patients with Takotsubo cardiomyopathy.
European Heart Journal: Acute Cardiovascular Care. 2016; 5:
489–496.

[40] Roffi M, Patrono C, Collet JP, Mueller C, Valgimigli M, An-
dreotti F, et al. 2015 ESC Guidelines for the management of
acute coronary syndromes in patients presenting without persis-
tent ST-segment elevation: task Force for the Management of
Acute Coronary Syndromes in Patients Presenting without Per-
sistent ST-Segment Elevation of the European Society of Cardi-
ology (ESC). European Heart Journal. 2016; 37: 267–315.

[41] Steg G, James SK, Atar D, Badano LP, Lundqvist CB, Borger
MA, et al. ESC Guidelines for the Management of Acute My-
ocardial Infarction in Patients Presenting with ST-Segment Ele-
vation. European Heart Journal. 2012; 33: 2569–2619.

[42] Amsterdam EA, Wenger NK, Brindis RG, Casey DE, Gani-
ats TG, Holmes DR, et al. 2014 AHA/ACC Guideline for the
Management of Patients with Non-ST-Elevation Acute Coro-
nary Syndromes: a report of the American College of Cardiol-
ogy/American Heart Association Task Force on Practice Guide-
lines. Journal of the American College of Cardiology. 2014; 64:
139–228.

7

https://www.imrpress.com


[43] O’Gara PT, Kushner FG, Ascheim DD, Casey DE Jr, Chung
MK, de Lemos JA, et al. American College of Cardiology Foun-
dation/American Heart Association Task Force on Practice G.
2013 ACCF/AHA guideline for the management of STelevation
myocardial infarction: a report of the American College of Car-
diology Foundation/American Heart Association Task Force on

Practice Guidelines. Circulation. 2013; 127: 362–425.
[44] Ghadri JR, Wittstein IS, Prasad A, Sharkey S, Dote K, Akashi

YJ, et al. International Expert Consensus Document on Takot-
subo Syndrome (Part II): Diagnostic Workup, Outcome, and
Management. European Heart Journal. 2018; 39: 2047–2062.

8

https://www.imrpress.com

	1. Introduction
	2. Methods
	3. Results and Discussion
	4. Limitations
	5. Conclusions
	Abbreviations
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest
	Supplementary Material

