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Aims Takotsubo cardiomyopathy (TTC) is a form of transient left ventricular systolic dysfunction without evidence of compli
cated coronary artery disease. Efficacy of medical therapy in secondary prevention of all-cause mortality is not well estab
lished. We performed a systematic review and network meta-analysis to compare survival benefit of secondary prevention 
medical therapy in patients with TTC.

Methods 
and results

PubMed, Embase, and Cochrane were searched up to 6 January 2024. Eligible studies included multivariable-adjusted or pro
pensity-matched studies of patients receiving medical therapy with beta-blockers, angiotensin-converting enzyme inhibitors 
(ACE) or angiotensin receptor blockers (ARBs), aspirin, and statins after an index presentation with TTC. The primary out
come was all-cause mortality at any time point. Secondary outcome was TTC recurrence. Random-effect hierarchical 
Bayesian meta-analysis was performed. We identified 13 observational studies. Takotsubo cardiomyopathy mortality was 
reported in 435 (4.7%) out of 9237 patients, across a median follow-up of 2.18 years. Mean age was 69.7 ± 12.5 years, 
and 7906 patients (90.7%) were females. Beta-blockers were associated with a statistically significant reduction in mortality 
compared to control [hazard ratio (HR) 0.65, 95% confidence interval (CI) (0.55–0.77)]. ACE inhibitors/ARBs showed a 
nonsignificant trend towards mortality reduction [HR 0.76, 95% CI (0.54–1.07)]. Statins [HR 0.96, 95% CI (0.77–1.19)] 
and aspirin [HR 0.87, 95% CI (0.55–1.38)] showed no significant mortality benefit. Bayesian probability ranks favoured 
beta-blockers as the most effective treatment for TTC mortality prevention.

Conclusion This review highlights the modest efficacy of secondary prevention medications in the management of TTC, as ACE or ARBs, 
beta-blockers, aspirin, and statins failed to demonstrate comparative mortality benefit. Randomized controlled trials are 
needed to confirm efficacy of pharmacotherapy in this vulnerable patient cohort.
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Introduction
Takotsubo cardiomyopathy (TTC), also known as stress cardiomyop
athy, is a heterogeneous acute cardiac syndrome characterized by tran
sient left ventricular systolic dysfunction.1–4 Takotsubo cardiomyopathy 
often presents similarly to acute coronary syndrome (ACS) yet occurs 

in the absence of obstructive coronary artery disease (CAD) or acute pla
que rupture.5–7 Historically believed be a benign disease, studies have 
shown that TTC has morbidity and mortality rates that are comparable 
to those of ACS, based on inconsistent data.8–13 Higher mortality rates 
are often observed in secondary forms of TTC, which are typically pre
cipitated by acute medical stressors such as sepsis or surgery.14,15
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Based on conflicting observational data and early mechanistic studies, 
contemporary guidelines recommend careful initiation of pharmaco
therapy where significant predictors of ‘severe TTC’ are present; left 
ventricular ejection fraction (LVEF) of <35%, significant LVOTO gradi
ents (>40 mmHg), suspected bystander coronary artery disease, 
normal-high systemic vascular resistance and complicating tachyar
rhythmia.11 Angiotensin-converting enzyme inhibitors (ACE) or angio
tensin receptor blockers (ARBs) have been associated with improved 
survival at 1-year after propensity matching, while beta-blockers have 
demonstrated inconsistent results.12 In a large observational study 
based on the InterTAK registry, one-third of patients on post-discharge 
beta-blockers experienced TTC recurrence.12 ACE or ARBs have been 
associated with inconsistent TTC recurrence rates, and a recent 
meta-analysis found no benefit for combination ACE or ARB and beta- 
blocker therapy in reduction of TTC recurrence.16 Furthermore, the 
mortality benefit for aspirin and statins is also uncertain,17 and currently 
these medications are only recommended if concomitant severe cor
onary artery disease is also present.11

To date, no randomized controlled trials have been conducted to es
tablish the optimal management strategy for patients with TTC,11 and 
current guidelines are based on an inconsistent sample of observational 
data. We therefore performed a systematic review and network 
meta-analysis to consolidate the existing evidence, and to determine 
the relative survival benefit of secondary prevention medical therapy 
(ACE or ARBs, beta-blockers, aspirin, and statin) in TTC patients.

Methods
This systematic review and meta-analysis is reported according to the 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) and Meta-analysis Of Observational Studies in Epidemiology 
(MOOSE) statement guidelines.18,19 This review is registered with 
PROSPERO (CRD42024600925) and did not require institutional board 
review.

Search strategy
A comprehensive search strategy was designed and conducted using 
PubMed, Embase, Web of Science, and Cochrane databases from inception 
to 6 January 2024. We manually searched the references cited in the pre
vious reviews and other important studies related to this subject. We did 
not need to contact the corresponding authors of the studies, as the rele
vant information was easily accessible from the original studies. We trialled 
the following search terms in varying combinations:

(‘Takotsubo Cardiomyopathy’ OR ‘Takotsubo Syndrome’ OR ‘TTS’ OR 
‘apical ballooning syndrome’ OR ‘broken heart syndrome’ OR ‘stress car
diomyopathy’) AND (‘Prognosis’ OR ‘Recurrence’ OR ‘Mortality’ OR 
‘Survival’ OR ‘Pharm*’).

The detailed search strategy, search terms used, and inclusion and exclu
sion criteria are provided in the supplementary materials.

Study eligibility
We included all multivariable-adjusted or propensity-matched studies with 
patients receiving medical therapy with ACE or ARB, beta-blockers (BB), 
aspirin, and statins as discharge pharmacotherapy after an index presenta
tion with TTC, and provided risk estimates or incidence for all-cause mor
tality. Studies were included if they enrolled patients consistent with but not 
limited to the Takotsubo Italian Network (TIN) register, Heart Failure 
Association, European Society of Cardiology, or InterTAK TTC diagnostic 
criteria.5 We also excluded review articles, abstracts without full text avail
able, and studies not in English. No minimum follow-up time was specified.

Outcomes
The primary outcome was all-cause mortality at any time point. Outcome 
definitions according to original studies are detailed in supplementary 
materials.

Data extraction and quality assessment
Two reviewers (A.Z. and D.M.) screened all the titles and abstracts inde
pendently. This was performed with a free-to-use web application 
(Rayyan, Qatar Computing Research Institute, Ar-Rayyan, Qatar). 
Conflicts were resolved by inclusion of a third reviewer (N.M.). This pro
cess was followed by the full text review of the selected articles by the two 
independent reviewers (A.Z. and D.M.). We then extracted the data from 
selected studies using a standardized, pilot-tested extraction template. 
Data were extracted by two independent reviewers (A.Z. and D.M.), 
and conflicts were resolved through discussion or a third reviewer 
(N.M.). Reviewers extracted the data with regard to inclusion criteria, to
tal number of patients, duration of follow-up, pharmacological treatment 
at the moment of discharge, during follow-up, and at the time of TTC all- 
cause mortality and TTC recurrence. We did not need to contact authors 
for missing data. Two reviewers (D.M. and A.Z.) assessed quality of in
cluded studies by using the ROBINS-I tool.20 Disagreements between re
viewers for classifications were resolved by consensus.

Statistical analysis
A hierarchical Bayesian network meta-analysis was conducted using R, util
izing a random effects model due to heterogeneity in population sample size 
and baseline demographics. Bayesian network was utilized over a frequen
tist model to synthesize evidence from heterogeneous observational stud
ies, as it allows for the integration of prior information and the generation of 
posterior probabilities, which enhance the assessment of relative treatment 
effects.21 This method facilitates the estimation of both direct and indirect 
comparisons, which is particularly relevant for TTC where there is no direct 
RCT comparison of treatments.11 Additionally, Bayesian approaches offer 
probabilistic treatment rankings that improve interpretability, compared 
to frequentist methods, which can be more sensitive to sample size con
straints and less effective in managing complex correlation structures.22

Mortality rates and multivariate-adjusted hazard ratios were extracted for 
both case (TTC patients receiving medical therapies) and control (TTC pa
tients not receiving medication). Results are reported as hazard ratios (HRs) 
with 95% confidence intervals (CIs) using random effects model for direct 
comparisons among ACE or ARB, beta-blockers, aspirin, and statins, and 
adjusted hazard ratios were pooled for comparison with control, with stat
istical significance set at P < 0.05. The network graph was designed with 
node sizes proportional to the number of participants in each intervention 
and line thickness proportional to the number of studies comparing each 
treatment arm. Forest plots for the analysed outcomes and the network 
graph were obtained, illustrating HRs and 95% CIs for the direct compari
sons among the five interventions (including control). Heterogeneity among 
studies was assessed using the I² statistic. A Surface Under the Cumulative 
Ranking (SUCRA) table was generated to rank treatments based on their 
effectiveness in the secondary prevention of TTC. A SUCRA of 90% 
means that the treatment of interest achieves 90% of effectiveness or 
safety relative to other interventions. Thus, the larger the SUCRA value, 
the higher the rank of the treatment, indicating a safer or more effective 
treatment.

Results
Search results
The literature search yielded 2502 unique studies after removal of du
plicates, and 13 studies were included in this systematic review and 
meta-analysis (see Figure 1). Detailed rationale for exclusion of full-text 
studies is provided in the supplementary material.

Characteristics of included studies
A total of 13 observational studies were included in this systematic re
view,17,23–34 including 9237 patients. The weighted median follow-up 
time was 2.2 years. The Takotsubo Italian Network (TIN) was the 
most frequently used database, appearing in two studies with the 
same time frame (January 2007 to December 2018),33,34 suggesting po
tential overlap and duplication of patient data. Of the two studies, only 
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data from Silverio et al.33 were included in meta-analysis. Other regis
tries included the InterTAK registry, Mayo Clinic Registry, Kaiser 
Permanente Southern California Health System (2006–16), and the 
Spanish National Registry (RETAKO) (January 2003 to July 2018). 
The included studies employed varying definitions for TTC, largely 
aligning with established diagnostic criteria from European Society of 
Cardiology11 and INTERTAK.12 Almendro-Delia et al.23 used a modi
fied version of the Mayo Clinic criteria, emphasizing transient wall mo
tion abnormalities beyond a single coronary distribution. Cacciotti 
et al.,24 D’Ascenzo et al.,17 and Elesber et al.26 described TTC based 
on transient apical or basal wall motion abnormalities extending beyond 
a single epicardial coronary territory. Citro 201825 and Lau et al.29 fo
cused on typical acute presentations involving dyskinesis or akinesis, pri
marily affecting the apical segments of the left ventricle. Gopalakrishnan 
et al.27 defined TTC by transient severe hypokinesis, akinesis, or dyskin
esis unrelated to a single coronary distribution, often with stressor- 
related triggers. The remainder of studies defined TTC according to 

the INTERTAK registry definition. One study did not use coronary 
angiogram in the diagnostic algorithm for TTC.17 Two studies utilized 
cardiac MRI in the routine diagnostic algorithm.24,29 The weighted 
mean average mortality rate across the included studies was 4.7%, 
with 435 patients who died across the included studies. The weighted 
average recurrence rate across the included studies was ∼3.10%. Of 
these, 5511 patients (56.59%) were discharged on ACE or ARBs, while 
5981 patients (61.47%) received beta-blockers at discharge. Aspirin 
was prescribed to 4448 patients (45.68%), and statins were given to 
2395 patients (24.61%) upon discharge. Characteristics of included 
studies are detailed in Table 1.

Baseline characteristics
The patient sample size added up to a total of 9237 patients. The aver
age age was 69.7 ± 12.5 years. Among included studies, 7906 (90.36%) 
were female. Anatomical variants were reported in only one study.24

Figure 1 Study assessment and inclusion flowchart.
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A total of 1026 patients (34.39%) experienced a physical stressor pre
ceding their admission with TTC. Of the included patients, 23.1% had 
known coronary artery disease, 17.9% had diabetes mellitus, 44.8% 
had dyslipidaemia, and 65.8% had hypertension. The average LVEF 
across all studies was 41.12% (±10.54%), and the average QTc was 
489.33 ms (±51.75 ms). The total number of patients with LVOTO 
was 11 (0.11%). Detailed baseline characteristics are provided in the 
supplementary materials.

Methodological quality and risk of bias
The methodological quality of the included studies was generally moder
ate, as assessed by the ROBINS-I tool. Across the 13 studies, the overall 
risk of bias was consistently rated as moderate, primarily due to the ob
servational nature of the designs, which inherently carried risks of con
founding and missing data. The domain most frequently associated with 
higher bias was confounding, present in all studies. This was attributed 
to the diverse patient populations, varying management strategies, and dif
ferences in healthcare settings. Despite adjustment efforts, unmeasured or 
residual confounding persisted, particularly in multicentre registry-based 
studies like Almendro-Delia et al.23 and Raposeiras-Roubín et al.32 where 
local practice variations contributed to bias. Additionally, bias due to miss
ing data was common across all studies, with many not clearly specifying 
strategies for managing missing outcomes, especially in those with longer 
follow-up periods. Conversely, bias in selection of participants, classifica
tion of interventions, measurement of outcomes, and selection of re
ported results were generally low. Most studies used clear inclusion 
criteria, consistent intervention definitions, and objective outcomes like 
mortality and recurrence rates, reducing bias. Moreover, adherence to 
predefined protocols minimized selective reporting. Among the studies, 
Almendro-Delia et al.23 and D’Ascenzo et al.17 exhibited relatively higher 
bias, particularly due to confounding and inconsistent handling of missing 
data. These studies, often based on larger multicentre registries or cohort 
analyses, faced issues with data completeness and selection bias. In con
trast, studies like Kim et al.28 and Silverio et al.33 showed lower bias within 

the moderate range, due to advanced statistical analysis and adjustment 
of confounders. A detailed risk of bias summary is provided in the 
supplementary materials.

Association of outcomes with secondary 
prevention medication according to the 
Bayesian approach
ACE/ARB treatment showed a reduction in mortality risk compared to 
control [HR = 0.76, 95% CI (0.54–1.07)]. However, this was not statis
tically significant. BB therapy was associated with a significantly lower 
risk of all-cause mortality compared to control [HR = 0.65, 95% CI 
(0.55–0.77)]. Statin therapy did not show a significant difference in mor
tality risk compared to control [HR = 0.96, 95% CI (0.77–1.19)]. 
Aspirin use was associated with a nonsignificant trend towards reduced 
mortality [HR = 0.87, 95% CI (0.55–1.38)]. BB vs. statins [HR = 0.87, 
95% CI (0.43–1.78)] and BB vs. aspirin [HR = 1.02, 95% CI (0.47– 
2.23)] indicated no significant differences. Figure 2 displays a summary 
forest plot comparing treatment arms [ACE/ARB, beta-blocker (BB), 
aspirin, statin] with hazard ratio (HR, 95% CIs) for all-cause mortality. 
A graphical representation of the association of secondary prevention 
medication with TTC mortality and recurrence is displayed in Figure 3. 
The league table is shown in Table 2.

The probabilities of each treatment being ranked from most to least 
effective (Rank 1 to Rank 4) were analysed alongside the Surface Under 
the Cumulative Ranking (SUCRA) values. ACE/ARBs showed a 14% 
probability of being the most effective treatment, a 27% probability 
for both the second and fourth most effective, and a 32% probability 
for the third most effective, with a SUCRA value of 42.97. Aspirin 
had a 23% probability of being the most effective, 22% for second, 
19% for third, and 36% for fourth, resulting in a SUCRA of 44.02. 
Beta-Blockers displayed a 17% chance of being ranked first, 28% se
cond, 33% third, and 22% fourth, with a SUCRA of 47.14. Statins 
were found to be the most favourable treatment with a 45% probability 

Figure 2 Forest plot comparing treatment arms [ACE/ARB, beta-blocker (BB), aspirin, statin] with hazard ratio (HR, 95% confidence intervals) for 
all-cause mortality.
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of being the most effective, 23% for second, 17% for third, and 15% for 
fourth, accompanied by the highest SUCRA value of 65.87. Rankograms 
and SUCRA values are detailed in Table 3.

Discussion
The present study of 9237 patients found that: 

(a) Rate of TTC mortality and recurrence is 4.7% and 3.10%, respectively, 
at average 2.2 years follow-up.

(b) Single-drug therapy with beta-blockers (BB) was associated with 35% 
reduction in TTC mortality, but failed to demonstrate significant incre
mental survival benefit on comparison with ACE/ARB, aspirin, and 
statin.

(c) Single-drug therapy with ACE/ARB, aspirin, or statin was not associated 
with reduction of TTC mortality, and no medications demonstrated 
significant incremental improvement in direct comparison.

(d) There is not sufficient statistical evidence regarding therapy with sec
ondary prevention medical therapy in reduction of TTC mortality.

This meta-analysis evaluated the association between secondary 
prevention therapies (ACE/ARB, beta-blockers, aspirin, and statins) 

and all-cause mortality in TTC patients. Recent studies have shown 
that TTC has morbidity and mortality rates that are comparable to 
those of ACS, with ∼40% of all long-term death in these patients 
related specifically to TTC-related complications.8–13 The rate of 
TTC mortality reported in our pooled study (4.7%) was consistent 
with the International Takotsubo Registry12 and previous 
meta-analyses.8 Previous studies have investigated the association 
between medical therapy and TTC recurrence, and found no signifi
cant reduction in TTC recurrence with ACE/ARB, BB, the combin
ation of both medications, and no incremental reduction in TTC 
recurrence after direct comparison.16,35 Prior meta-analyses evalu
ating survival benefit have faced various limitations: excluding pa
tients from the International Takotsubo Registry, inclusion of 
unadjusted observational studies, and pooling of distinct risk esti
mates.12,36,37 Pooled analyses have reported a medication distribu
tion at index admission for BB of 66.8% and ACE/ARB of 67.4%, and 
the International Takotsubo Registry reports on admission, 32.5% 
of the patients were taking BB and 37.9% were taking either 
ACE/ARB, which increased at discharge to 78.1% and 79.3%, re
spectively. This is complemented by the results from the current 
study, which reported 61.47% for BB and 56.59% for ACE/ARB 
on discharge. The distribution of patients discharged on aspirin 

Figure 3 Network diagram comparing survival benefit of medical therapy in takotsubo cardiomyopathy. Angiotensin-converting enzyme inhibitors 
or angiotensin receptor blockers (ACE/ARB), aspirin, statins, beta-blockers, and control (no pharmacotherapy) are represented as nodes. The size of 
each node reflects the number of patients who received that treatment across the included studies. Lines between nodes represent direct comparisons 
between two treatments, with the width proportional to the number of contributing studies. Arrows indicate the direction of comparison, pointing 
from the reference treatment to the comparator. Hazard ratios (HRs) and 95% confidence intervals (CIs) are displayed on the arrows and reflect the 
relative hazard of mortality for the comparator compared to the reference treatment. For example, the arrow from ACE/ARB to beta-blockers displays 
an HR of 0.86 [95% CI (0.48–1.51)], indicating that, in the studies that directly compared these two treatments, patients who received beta-blockers had 
a numerically lower—but not statistically significant—hazard of mortality compared to those who received ACE/ARB therapy. An HR < 1.0 favours the 
comparator (in this case, beta-blockers), while an HR > 1.0 would favour the reference treatment. The absence of a connecting line between two nodes 
indicates that no direct comparison was available in the included studies.
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or statins is more inconsistent, however the presence of concomi
tant CAD in TTC patients has been reported to be 10–12%, which 
is less than that of the current review (23.1%). Thus, the novelty of 
our study is that it (i) evaluates the association of medical therapy 
with TTC mortality, which is especially pertinent given the compar
able mortality rates to ACS,8 as well as similar observed incidence 
to TTC recurrence,16,38 (ii) includes a larger sample size than pre
vious meta-analyses, (iii) employs hierarchical Bayesian network 
meta-analysis, evaluating the relative, incremental mortality benefit 
of medical therapies while incorporating prior probabilities and 
generating posterior distributions, and (iv) employed SUCRA ran
kograms to provide a probabilistic estimation of treatment effect
iveness, improving interpretability of the findings.22

Angiotensin-converting enzyme inhibitors 
and angiotensin receptor blockers
ACE/ARBs have been hypothesized to reduce mortality in TTC by at
tenuating sympathetic overactivity and reducing afterload, which are 
critical contributors to ventricular stress and myocardial stunning ob
served in TTC.5 The potential benefit of ACE inhibitors is thought to 
arise from their capacity to mitigate the effects of excessive catechol
amine release on the myocardium, which includes reducing myocardial 
oxygen demand and improving endothelial function, as well as slowing 
the progression to LV dysfunction by improving ventricular remodelling 
and reducing myocardial fibrosis.5,39 Mechanistic studies supporting the 
use of ACE inhibitors in TTC postulate an improvement in coronary 
microvascular function, which is often impaired in TTC patients due 
to endothelial dysfunction and microvascular spasm triggered by cat
echolamine excess.39 In our study, although ACE/ARB therapy was as
sociated with a reduction in mortality risk [HR = 0.76, 95% CI (0.54– 
1.07)], this finding did not achieve statistical significance, notably limited 
by heterogeneity in baseline demographics and underpowered analysis. 
Of note, ACE and ARBs have demonstrated mortality benefit in a large 
propensity-matched study based on the InterTAK registry, suggesting 
they may play a supportive role in facilitating LV recovery, especially 
in patients with severe LV dysfunction or high systemic vascular 
resistance.11,12

Beta-blockers
Given the elevated catecholamine levels from trigger events observed 
in TTC, beta-blockers have been postulated to have a role in the long- 
term management of TTC until full recovery of LVEF is achieved, 
although clinical trials supporting this approach are lacking.33 Plasma 
catecholamine levels in patients with TTC increase to three times high
er than the catecholamine levels in patients with acute myocardial in
farction and postinfarction heart failure.40 As such, BB therapy may 
attenuate the myocardial damage caused by sympathetic overstimula
tion resulting from catecholamine surge from trigger events. Animal 
studies have demonstrated that apical ballooning can be mitigated 
with drugs possessing both alpha and beta-adrenoceptor blocking 
properties, where intravenous metoprolol has been shown to improve 
epinephrine-induced apical ballooning.41,42 Beta-blockers have demon
strated inconsistent mortality benefit in the literature.12,37 The lack of 
specific guideline recommendation for long-term beta-blockers after 
TTC recovery reflects the variable prescribing patterns in global regis
tries.11,43 The pooled proportion of patients discharged on beta- 
blockers in our review (61.47%) was similar to that reported in the large 
multicentre RETAKO registry23 (60%) but lower than the InterTAK 
registry (78%). Our study demonstrated long-term survival benefit 
for beta-blockers compared to control. These results should be inter
preted with caution and are largely exploratory due to the inclusion of 
underpowered studies and the notable exclusion of a large propensity- 
matched study by Templin et al. from the InterTAK registry11 as there 
were insufficient data to calculate HRs. This study notably failed to dem
onstrate long-term survival benefit for beta-blockers, and its exclusion 
represents inherent limitations of meta-analysis; including the use of cu
mulative data from summary estimates rather than individual patient 
data and follow-up. The results of our study are thus similar to a recent 
meta-analysis evaluating the long-term mortality benefit of beta- 
blockers37 [pooled HR = 0.62; 95% CI (0.50–0.79)], which also ex
cluded the InterTAK study. We hypothesize that inclusion of this study 
may alter the findings for the following reasons; (i) the study by Templin 
et al.5 included a broader and more heterogeneous patient population 
with a greater proportion of patients with severe emotional and phys
ical stressors (27.7% and 36.0%, respectively) and comorbidities, which 
may have diluted the treatment effect of beta-blockers in the pooled 

Table 2 League table comparing survival benefit of medical therapy in takotsubo cardiomyopathy

The table presents hazard ratios (HRs) and 95% confidence intervals (CIs) for each pairwise comparison of medical therapies. Each row defines the reference 
treatment, and each column the comparator. A hazard ratio (HR) < 1 suggests lower hazard of mortality with the row treatment compared to the column 
treatment; an HR > 1 favours the column treatment. For example, in the row for beta-blockers, the comparison with control indicates a hazard ratio of 0.65 
[95% CI (0.55–0.77)], suggesting a lower mortality risk associated with beta-blockers.
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analysis, (ii) differences in average follow-up, and (iii) unmeasured con
founding due to overlapping medication use as not all studies in the 
meta-analysis disclosed the isolated treatment effects of beta-blockers 
and inconsistently reported distribution of ‘severe TTC’ and incidence 
of cardiogenic shock, LVOTO > 40 mmHg, and VT. Due to inconsist
ent reporting of stressors across all included studies, we were unable 
to perform subgroup analysis for ‘secondary’ TTC, which may have fur
ther defined the role of BB in the management of TTC. Importantly, the 
rationale behind discharging patients on beta-blockers was not clear for all 
studies. This can be influenced by perceived angina control in patients with 
concomitant CAD, and discouraged in patients with chronic obstructive 
pulmonary disease, as well as haemodynamic status (blood pressure, heart 
rate, acute heart failure, cardiogenic shock requiring intra-aortic balloon 
pump, and inotropes).

Aspirin and statins
Aspirin’s role in TTC management has been linked to its potential 
antithrombotic effect, given the increased platelet activation and endo
thelial dysfunction associated with TTC pathogenesis.44 Prolonged cat
echolamine exposure in TTC is thought to trigger platelet aggregation, 
suggesting that aspirin could mitigate thromboembolic complications.45

In the current meta-analysis, aspirin was associated with a nonsignificant 
trend towards mortality reduction, highlighting its limited efficacy in this 
population. While observational studies have shown that antiplatelet 
therapy at discharge may reduce early adverse outcomes,46 evidence 
for its long-term benefit remains inconclusive, and aspirin use should 
be considered on a case-by-case basis, particularly for patients with 
concomitant CAD. Statins have been postulated to reduce TTC recur
rence by reducing microvascular dysfunction and the oxidative stress 
associated with TTC.5,30 As hypothesized, these theoretical effects 
did not translate to a significant mortality benefit. In contrast to ACS, 
TTC is primarily characterized by catecholamine-induced myocardial 
stunning, microvascular dysfunction, and transient left ventricular wall 
motion abnormalities, often without significant epicardial coronary 
obstruction.5

Limitations
This meta-analysis faces several limitations inherent to the available evi
dence. Our findings are largely exploratory since many studies included 
in the review lack sufficient statistical power to detect differences in 
hard clinical endpoints. All included studies were observational, which 

significantly raises concerns for unmeasured confounding, selection 
bias, and publication bias. Additionally, the assumption of transitivity 
in network meta-analysis may be challenged by heterogeneity across 
studies in terms of population characteristics, treatment definitions, 
follow-up durations, and statistical adjustments. Inconsistent reporting 
of medication dosing, overlapping medication regimens, combination 
therapies, precise timing of commencement and duration of therapy 
as well as adverse effects/intolerances, likely diluted the inter-group 
comparisons. Importantly, the rationale behind discharging the patients 
on each medication group was inconsistently disclosed. Substantial het
erogeneity was observed in patient characteristics, ranging from pri
mary to secondary TTC phenotypes, physical and emotional 
stressors, and variations in LVOTO and LVEF. The evolving diagnostic 
criteria for TTC further complicate the interpretation of pooled re
sults, as some included cases may represent alternative diagnoses. 
Despite a generally high methodological quality among the studies, in
herent heterogeneity regarding TTC aetiology remains a challenge, 
compounded by inconsistent use of coronary angiograms and cardiac 
MRI, potentially leading to misclassification of non-ischaemic myocardial 
injuries as TTC. The median follow-up of 2.2 years may underestimate 
the frequency of late events associated with secondary prevention 
medical therapy. Notably, as a limitation of meta-analysis, we were un
able to include all studies for every outcome parameter investigated. 
Consequently, the number of the patients entering the meta-analysis 
varies greatly, generally constituting only a fraction of the whole study 
population. 

Implications for future research
The current meta-analysis establishes significant knowledge gaps in the 
medical management of TTC. Despite the prevalence, morbidity, and 
mortality associated with TTC, the lack of statistical power and hetero
geneity of existing data necessitates higher-quality evidence through 
RCT evaluation of the differential treatment effects of ACE/ARB, BB, as
pirin, and statins. It is hoped that such evidence will be provided by the 
upcoming NACRAM (n-Acetylcysteine and Ramipril Takotsubo 
Syndrome Trial, ACTRN12616000781448) and BROKEN- 
SWEDEHEART [Optimized Pharmacological Treatment for Broken 
Heart (Takotsubo) Syndrome, NCT04666454], and Beta-Blockers in 
Takotsubo Syndrome Study (β-Tako, NCT06509074) trials. Machine- 
learning approaches may enhance TTC prognostication by identifying 
phenotypic clusters with distinct risk profiles. Integrating these methods 
into future studies could further tailor patient management strategies and 

Table 3 Rankogram and SUCRA values

The table presents the probability of each treatment being ranked from first (most effective) to fourth (least effective) for mortality reduction, along with the 
Surface Under the Cumulative Ranking curve (SUCRA) values. Each row corresponds to a treatment, and columns indicate the probability of occupying each 
rank. SUCRA values summarize these probabilities into a single metric ranging from 0% to 100%, where higher values indicate a greater likelihood of being 
among the more effective treatments. A SUCRA of 90% implies that a treatment achieves 90% of the maximum possible effectiveness relative to others.
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clarify the role of secondary prevention therapies in high-risk sub
groups.47 Research into the effects of stress and adrenergic stimulation 
on the heart and other organs is extensive, but the impact of elevated ca
techolamines remains less understood. High stress and catecholamine le
vels affect cardiovascular function through various mechanisms, including 
receptor dynamics, signalling pathways, mitochondrial activity, inflamma
tion, metabolism, and gene expression. Previous studies have reported 
reduction in ‘all-cause’ and cardiac mortality in patients treated with 
ACE or ARB, and beta-blockers,33 however we were unable to pool sep
arate results in the current meta-analysis due to inconsistent data with 
many studies not powered to detect mortality. As such, the cardiac/ 
non-cardiac mortality ratio, the exact influence of pharmacotherapy on 
non-cardiac mortality, and why TTC patients remain at risk of long-term 
mortality remain uncertain.

Conclusions
This review highlights the modest efficacy of secondary prevention 
medications in the management of TTC. Randomized controlled trials 
are necessary to define the treatment effects of pharmacotherapy in 
this vulnerable patient cohort.
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Altman DG, Ansari MT, Boutron I, Carpenter JR, Chan AW, Churchill R, Deeks JJ, 
Hróbjartsson A, Kirkham J, Jüni P, Loke YK, Pigott TD, Ramsay CR, Regidor D, 
Rothstein HR, Sandhu L, Santaguida PL, Schünemann HJ, Shea B, Shrier I, Tugwell P, 
Turner L, Valentine JC, Waddington H, Waters E, Wells GA, Whiting PF, Higgins JP. 
ROBINS-I: a tool for assessing risk of bias in non-randomised studies of interventions. 
Bmj 2016;355:i4919.

21. Sutton AJ, Abrams KR. Bayesian methods in meta-analysis and evidence synthesis. Stat 
Methods Med Res 2001;10:277–303.

22. Salanti G, Ades AE, Ioannidis JP. Graphical methods and numerical summaries for pre
senting results from multiple-treatment meta-analysis: an overview and tutorial. J Clin 
Epidemiol 2011;64:163–171.

23. Almendro-Delia M, Núñez-Gil IJ, Lobo M, Andrés M, Vedia O, Sionis A, Martin-Garca A, 
Cruz Aguilera M, Pereyra E, Martín de Miguel I, Linares Vicente JA, Corbí-Pascual M, 
Bosch X, Fabregat Andrés O, Sánchez Grande Flecha A, Pérez-Castellanos A, Pais JL, 
De Mora Martín M, Escudier Villa JM, Martín Asenjo R, Guillen Marzo M, Rueda 
Sobella F, Aceña Á, García Acuña JM, García-Rubira JC. Short- and long-term prognostic 
relevance of cardiogenic shock in takotsubo syndrome: results from the RETAKO regis
try. JACC Heart Fail 2018;6:928–936.

24. Cacciotti L, Passaseo I, Marazzi G, Camastra G, Campolongo G, Beni S, Lupparelli F, 
Ansalone G. Observational study on takotsubo-like cardiomyopathy: clinical features, 
diagnosis, prognosis and follow-up. BMJ Open 2012;2:e001165.

25. Citro R, Radano I, Parodi G, Di Vece D, Zito C, Novo G, Provenza G, Bellino M, Prota C, 
Silverio A, Antonini-Canterin F, Rigo F, Vriz O, Galasso G, Bossone E, Salerno-Uriarte J, 
Piscione F. Long-term outcome in patients with takotsubo syndrome presenting with 
severely reduced left ventricular ejection fraction. Eur J Heart Fail 2019;21:781–789.

26. Elesber AA, Prasad A, Lennon RJ, Wright RS, Lerman A, Rihal CS. Four-year recurrence 
rate and prognosis of the apical ballooning syndrome. J Am Coll Cardiol 2007;50: 
448–452.

27. Gopalakrishnan M, Hassan A, Villines D, Nasr S, Chandrasekaran M, Klein LW. 
Predictors of short- and long-term outcomes of takotsubo cardiomyopathy. Am J 
Cardiol 2015;116:1586–1590.

28. Kim H, Senecal C, Lewis B, Prasad A, Rajiv G, Lerman LO, Lerman A. Natural history and 
predictors of mortality of patients with takotsubo syndrome. Int J Cardiol 2018;267: 
22–27.

29. Lau C, Chiu S, Nayak R, Lin B, Lee MS. Survival and risk of recurrence of takotsubo syn
drome. Heart 2021;107:1160–1166.

30. Novo G, Arcari L, Stiermaier T, Alaimo C, El-Battrawy I, Cacciotti L, Guerra F, 
Musumeci B, Mariano E, Parisi G, Montisci R, Vazirani R, Perez Castellanos A, 
Uribarri A, Corbi-Pascual M, Salamanca J, Akin I, Thiele H, Brunetti ND, Eitel I, 
Núñez Gil IJ, Santoro F. Statin therapy and outcome in takotsubo syndrome patients: 
results from the multicenter international GEIST registry. Atherosclerosis 2024;389: 
117421.

31. Pereyra E, Fernández-Rodríguez D, González-Sucarrats S, Almendro-Delia M, Martín A, 
de Miguel IM, Andrés M, Duran-Cambra A, Sánchez-Grande-Flecha A, Worner-Diz F, 
Núñez-Gil IJ. Antiplatelet therapy at discharge and long-term prognosis in takotsubo 
syndrome: insights from the Spanish National Registry (RETAKO). Rev Port Cardiol 
2022;41:919–927.

32. Raposeiras-Roubín S, Núñez-Gil IJ, Jamhour K, Abu-Assi E, Conty DA, Vedia O, 
Almendro-Delia M, Sionis A, Martin-Garcia AC, Corbí-Pascual M, Martínez-Sellés M, 

Uribarri A, Guillén M, Acuña JMG, País JL, Blanco E, Linares Vicente JA, Flecha ASG, 
Andrés M, Pérez-Castellanos A, Alonso J, Rosselló X, Romo AI, Feltes G. Long-term 
prognostic impact of beta-blockers in patients with takotsubo syndrome: results 
from the RETAKO registry. Rev Port Cardiol 2023;42:237–246.

33. Silverio A, Parodi G, Scudiero F, Bossone E, Di Maio M, Vriz O, Bellino M, Zito C, 
Provenza G, Radano I, Baldi C, D’Andrea A, Novo G, Mauro C, Rigo F, Innelli P, 
Salerno-Uriarte J, Cameli M, Vecchione C, Antonini Canterin F, Galasso G, Citro R. 
Beta-blockers are associated with better long-term survival in patients with 
Takotsubo syndrome. Heart 2022;108:1369–1376.

34. Silverio A, Bossone E, Parodi G, Scudiero F, Di Maio M, Vriz O, Bellino M, Zito C, 
Provenza G, Iuliano G, Cristiano M, Novo G, Mauro C, Rigo F, Innelli P, 
Salerno-Uriarte J, Cameli M, Tremiterra G, Vecchione C, Antonini-Canterin F, 
Galasso G, Citro R. Arterial hypertension in patients with takotsubo syndrome: preva
lence, long-term outcome, and secondary preventive strategies: a report from the 
Takotsubo Italian Network register. Eur J Prev Cardiol 2023;30:1998–2005.

35. Santoro F, Ieva R, Musaico F, Ferraretti A, Triggiani G, Tarantino N, Di Biase M, Brunetti 
ND. Lack of efficacy of drug therapy in preventing takotsubo cardiomyopathy recur
rence: a meta-analysis. Clin Cardiol 2014;37:434–439.

36. Spruance SL, Reid JE, Grace M, Samore M. Hazard ratio in clinical trials. Antimicrob Agents 
Chemother 2004;48:2787–2792.

37. Ahsan MJ, Ahmad S, Dvalishvili M, Yousaf A, Sigurdsson G, Goldsweig AM. Effect of 
β-blocker use on long-term mortality in takotsubo cardiomyopathy: a systematic review 
and meta-analysis. Am J Cardiol 2023;204:168–170.

38. Singh K, Carson K, Usmani Z, Sawhney G, Shah R, Horowitz J. Systematic review and 
meta-analysis of incidence and correlates of recurrence of takotsubo cardiomyopathy. 
Int J Cardiol 2014;174:696–701.

39. Galiuto L, De Caterina AR, Porfidia A, Paraggio L, Barchetta S, Locorotondo G, Rebuzzi 
AG, Crea F. Reversible coronary microvascular dysfunction: a common pathogenetic 
mechanism in apical ballooning or tako-tsubo syndrome. Eur Heart J 2010;31: 
1319–1327.

40. Wittstein IS, Thiemann DR, Lima JA, Baughman KL, Schulman SP, Gerstenblith G, Wu 
KC, Rade JJ, Bivalacqua TJ, Champion HC. Neurohumoral features of myocardial stun
ning due to sudden emotional stress. N Engl J Med 2005;352:539–548.

41. Ueyama T, Kasamatsu K, Hano T, Yamamoto K, Tsuruo Y, Nishio I. Emotional stress 
induces transient left ventricular hypocontraction in the rat via activation of cardiac 
adrenoceptors: a possible animal model of ‘tako-tsubo’ cardiomyopathy. Circ J 2002; 
66:712–713.

42. Izumi Y, Okatani H, Shiota M, Nakao T, Ise R, Kito G, Miura K, Iwao H. Effects of meto
prolol on epinephrine-induced takotsubo-like left ventricular dysfunction in non-human 
primates. Hypertens Res 2009;32:339–346.

43. Lyon AR, Bossone E, Schneider B, Sechtem U, Citro R, Underwood SR, Sheppard MN, 
Figtree GA, Parodi G, Akashi YJ, Ruschitzka F, Filippatos G, Mebazaa A, Omerovic E. 
Current state of knowledge on takotsubo syndrome: a position statement from the 
Taskforce on Takotsubo Syndrome of the Heart Failure Association of the European 
Society of Cardiology. Eur J Heart Fail 2016;18:8–27.

44. Martin EA, Prasad A, Rihal CS, Lerman LO, Lerman A. Endothelial function and vascular 
response to mental stress are impaired in patients with apical ballooning syndrome. J Am 
Coll Cardiol 2010;56:1840–1846.

45. Núñez-Gil IJ, Bernardo E, Feltes G, Escaned J, Mejía-Rentería HD, De Agustín JA, Vivas 
D, Nombela-Franco L, Jiménez-Quevedo P, Macaya C, Fernández-Ortiz A. Platelet 
function in takotsubo cardiomyopathy. J Thromb Thrombolysis 2015;39:452–458.

46. Dias A, Franco E, Koshkelashvili N, Bhalla V, Pressman GS, Hebert K, Figueredo VM. 
Antiplatelet therapy in takotsubo cardiomyopathy: does it improve cardiovascular out
comes during index event? Heart Vessels 2016;31:1285–1290.

47. De Filippo O, Cammann VL, Pancotti C, Di Vece D, Silverio A, Schweiger V, Niederseer 
D, Szawan KA, Würdinger M, Koleva I, Dusi V, Bellino M, Vecchione C, Parodi G, 
Bossone E, Gili S, Neuhaus M, Franke J, Meder B, Jaguszewski M, Noutsias M, Knorr 
M, Jansen T, Dichtl W, von Lewinski D, Burgdorf C, Kherad B, Tschöpe C, Sarcon A, 
Shinbane J, Rajan L, Michels G, Pfister R, Cuneo A, Jacobshagen C, Karakas M, Koenig 
W, Pott A, Meyer P, Roffi M, Banning A, Wolfrum M, Cuculi F, Kobza R, Fischer TA, 
Vasankari T, Airaksinen KEJ, Napp LC, Dworakowski R, MacCarthy P, Kaiser C, 
Osswald S, Galiuto L, Chan C, Bridgman P, Beug D, Delmas C, Lairez O, Gilyarova E, 
Shilova A, Gilyarov M, El-Battrawy I, Akin I, Poledniková K, Toušek P, Winchester 
DE, Massoomi M, Galuszka J, Ukena C, Poglajen G, Carrilho-Ferreira P, Hauck C, 
Paolini C, Bilato C, Kobayashi Y, Kato K, Ishibashi I, Himi T, Din J, Al-Shammari A, 
Prasad A, Rihal CS, Liu K, Schulze PC, Bianco M, Jörg L, Rickli H, Pestana G, Nguyen 
TH, Böhm M, Maier LS, Pinto FJ, Widimský P, Felix SB, Braun-Dullaeus RC, 
Rottbauer W, Hasenfuß G, Pieske BM, Schunkert H, Budnik M, Opolski G, Thiele H, 
Bauersachs J, Horowitz JD, Di Mario C, Bruno F, Kong W, Dalakoti M, Imori Y, 
Münzel T, Crea F, Lüscher TF, Bax JJ, Ruschitzka F, De Ferrari GM, Fariselli P, Ghadri 
JR, Citro R, D’Ascenzo F, Templin C. Machine learning-based prediction of in-hospital 
death for patients with takotsubo syndrome: the InterTAK-ML model. Eur J Heart Fail 
2023;25:2299–2311.

Survival benefit of secondary prevention medical therapy                                                                                                                                    13


	Survival benefit of secondary prevention medical therapy in takotsubo cardiomyopathy: a Bayesian network meta-analysis
	Introduction
	Methods
	Search strategy
	Study eligibility
	Outcomes
	Data extraction and quality assessment
	Statistical analysis

	Results
	Search results
	Characteristics of included studies
	Baseline characteristics
	Methodological quality and risk of bias
	Association of outcomes with secondary prevention medication according to the Bayesian approach

	Discussion
	Angiotensin-converting enzyme inhibitors and angiotensin receptor blockers
	Beta-blockers
	Aspirin and statins
	Limitations
	Implications for future research

	Conclusions
	Lead author biography
	Data availability
	Supplementary material
	Authors’ contribution
	Funding
	References




