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EDITORIAL COMMENT
Cardiovascular Mortality in
Takotsubo Syndrome
A Mystery Awaiting Solving*
Rodolfo Citro, MD, PHD,a,b Michele Bellino, MD,c Angelo Silverio, MD, PHDc
A lthough more than 30 years have passed
since its first description, the natural history
of takotsubo syndrome (TTS) is still not fully

elucidated. The recovery of transient myocardial
stunning with an appreciable increase in ventricular
function within days or weeks induced to think that
the outcome of these patients might be quite benign.

Despite early observations suggesting that the
long-term outcome of TTS patients was similar to that
of the general population, Parodi et al reported higher
long-term mortality in TTS, probably as a conse-
quence of the coexisting comorbidities.1,2 More
recently, the International Takotsubo Registry
showed that TTS patients had long-term outcomes
comparable to those of age- and sex-matched patients
with acute coronary syndromes.3,4 Additionally,
these studies found that TTS recurrence was not
infrequent, as it can occur even many years after the
index event.5

In this regard, researchers have attempted to un-
derstand the determinants of mortality and the
characteristics predisposing to TTS recurrence.

Rudd et al,6 in a case-control study, implemented
national electronic healthcare records (EHRs) to
investigate the clinical outcome, the causes of
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mortality, and drug prescribing of patients with TTS
included in the Scottish Takotsubo Registry. A total of
620 TTS patients were matched for age, sex, and
geographic distribution with patients with myocar-
dial infarction (MI) diagnosis (1:1 ratio) and with in-
dividuals from the Scottish general population (1:4
ratio).

The study reported that all-cause mortality was
higher in patients with TTS compared to the general
population and only slightly lower than patients with
MI at a median 5.5-year follow-up. Patients with TTS
had a higher risk of cardiovascular death compared to
the general population but lower compared to pa-
tients with MI; in contrast, noncardiovascular mor-
tality was similar in both groups.

In the analysis of prescribing recorded at any time
during follow-up, the authors reported that renin-
angiotensin-aldosterone system inhibitor (RAASi)
was the only cardiovascular therapy associated with
lower mortality. Conversely, diuretic and psychotro-
pic therapies were associated with higher mortality.
In the analysis of prescribing recorded for at least 50%
of the time during follow-up, no cardiovascular
therapy was associated with improved survival in
patients with TTS.

The most remarkable piece of evidence in this
study concerns the assessment of specific causes of
mortality, which confirmed the higher risk profile of
patients with TTS than the general population but
was comparable to patients with MI. Interestingly,
the leading cause of mortality in TTS was cardiovas-
cular disease, particularly heart failure, confirming
previous results from multicenter registries.3 Thus, as
in post-MI patients, preventing major adverse cardiac
events through the implementation of effective sec-
ondary prevention strategies is of major importance
in TTS.
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FIGURE 1 Evidence Pyramid in TTS With Strengths and Weaknesses of Each Step

EHR ¼ electronic health records; RCT ¼ randomized clinical trial; TTS ¼ Takotsubo syndrome.
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Previous cohort studies investigated the associa-
tion between cardiovascular medications and the risk
of mortality, but with nonuniform results.3,7-9 Several
registries, including the Takotsubo Italian Network
registry, described an association of beta-blocker
therapy with longer survival in TTS.7-9 Conversely,
the International Takotsubo Registry reported a sur-
vival benefit from the use of RAASi.3

Compared to the previous studies, which used
prescribing at discharge as exposure, the strength of
the study by Rudd et al was the retrieval of claims
from the entire follow-up to evaluate prescribing at
any moment after discharge and the duration of
medication dispensing. Although this approach eval-
uates patients who have really taken the drug for at
least half of the follow-up time, there remains the
issue of exposure misclassification due to the absence
of information about treatment starting and/or
interruption.10,11 The criteria used to define the
exposure may be poorly restricted to perform in-
ferences on mortality outcomes,12 as suggested by the
discordant results about RAASi at the analysis of
prescribing at any time compared to the analysis of
prescribing recorded for at least 50% of the time.

Another issue concerns the balance between
treatment groups, which is critical for observational
studies dealing with the association of medication
with outcomes among nonrandomized subjects.13
Interestingly, this study reported that patients tak-
ing psychotropic drugs have higher mortality. How-
ever, as previously described, TTS patients with
psychiatric disorders have an unfavorable outcome.4

Thus, it remains undetermined whether the mortal-
ity rate is related to exposure to psychotropic drugs or
to individual patient characteristics. The balance of
the Cox regression analysis for a few covariates, in
fact, was probably not sufficient to manage the risk of
selection bias.

In this study, diuretics were not associated with
improved outcomes as in other heart failure patient
settings. This finding suggests the potential use of
new drugs that have demonstrated beneficial prog-
nostic effects in patients with heart failure with pre-
served ejection fraction (eg, glifozins), even in TTS
population.

Whether medication works or not remains difficult
to determine in observational studies. However, the
authors should be commended for:

� Linking data from the Scottish Takotsubo Registry
with EHR through the unique Community Health
Index number of every Scottish citizen.

� Providing data on cardiovascular mortality during
one of the longest available follow-ups in TTS.

In the future, the development of artificial intelli-
gence with the implementation of ’neural engine
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techniques’ for the analysis of the national EHR will
enable us to achieve a more comprehensive inter-
pretation of big data.14

Current evidence about the treatment of TTS
comes from case series, small single-center studies,
and a few multicenter registries. Due to the absence
of data from randomized clinical trials (RCTs), this
study ranks at the highest level of evidence available
to date in the TTS ‘pyramid of evidence’ (Figure 1).

Planning and conducting RCTs on TTS is difficult to
realize due to the relatively low incidence of TTS and
its clinical heterogeneity secondary to differences in
multiple coexisting comorbidities, etiology (primary
and secondary forms), pattern of left ventricular
dysfunction (apical or atypical forms), and clinical
course (arrhythmias and mechanical complications).
Moreover, financial support for the identification of
new uses of existing drugs (eg, beta-blockers or
RAASi) may be difficult to obtain.
This study suggests the importance of further
research for more appropriate management of pa-
tients with acute and long-term TTS. A more
comprehensive understanding of the pathophysio-
logical mechanisms of TTS and long-term morpho-
logical and functional impairment might contribute
to the development of new targeted therapies for
preventing major cardiovascular events and
improving survival.

FUNDING SUPPORT AND AUTHOR DISCLOSURES

The authors have reported that they have no relationships relevant to

the contents of this paper to disclose.

ADDRESS FOR CORRESPONDENCE: Dr Rodolfo Citro,
Heart Department, University Hospital “San Giovanni
di Dio e Ruggi d’Aragona”, Largo Città d’Ippocrate,
84131 Salerno, Italy. E-mail: rodolfocitro@gmail.com.
RE F E RENCE S
1. Parodi G, Bellandi B, Del Pace S, et al. Natural
history of tako-tsubo cardiomyopathy. Chest.
2011;139:887–892.

2. Sharkey SW, Windenburg DC, Lesser JR, et al.
Natural history and expansive clinical profile of
stress (tako-tsubo) cardiomyopathy. J Am Coll
Cardiol. 2010;55:333–341.

3. Templin C, Ghadri JR, Diekmann J, et al.
Clinical features and outcomes of takotsubo
(stress) cardiomyopathy. N Engl J Med. 2015;373:
929–938.

4. Ghadri JR, Kato K, Cammann VL, et al. Long-
term prognosis of patients with takotsubo syn-
drome. J Am Coll Cardiol. 2018;72:874–882.

5. Kato K, Di Vece D, Cammann VL, et al. Takot-
subo recurrence: morphological types and triggers
and identification of risk Factors. J Am Coll Cardiol.
2019;73:982–984.

6. Rudd AE, Horgan G, Khan H, et al. Cardiovascular
and noncardiovascular prescribing and mortality
after takotsubo: comparison with myocardial
infarction and general population. JACC: Adv.
2024;3(2):100797.

7. Silverio A, Parodi G, Scudiero F, et al. Beta-
blockers are associated with better long-term
survival in patients with Takotsubo syndrome.
Heart. 2022;108(17):1369–1376.

8. Silverio A, Bossone E, Parodi G, et al. Arterial
hypertension in patients with takotsubo syn-
drome: prevalence, long-term outcome, and sec-
ondary preventive strategies. A report from the
Takotsubo Italian Network Register. Eur J Prev
Cardiol. 2023;30(18):1998–2005. https://doi.org/
10.1093/eurjpc/zwad237

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

10. Shrank WH, Patrick AR, Brookhart MA.
Healthy user and related biases in observa-
tional studies of preventive interventions: a
primer for physicians. J Gen Intern Med.
2011;26:546–550.
11. Rasmussen JN, Chong A, Alter DA. Relationship be-
tween adherence to evidence-based pharmacotherapy
and long-term mortality after acute myocardial infarc-
tion. JAMA. 2007;297:177–186.

12. Krumme AA, Glynn RJ, Schneeweiss S,
Choudhry NK, Tong AY, Gagne JJ. Defining expo-
sure in observational studies comparing outcomes
of treatment discontinuation. Circ Cardiovasc Qual
Outcomes. 2018;11:e004684.

13. Elze MC, Gregson J, Baber U, et al. Comparison
of propensity score methods and covariate
adjustment: evaluation in 4 cardiovascular studies.
J Am Coll Cardiol. 2017;69:345–357.

14. Silverio A, Cavallo P, De Rosa R, Galasso G. Big
health data and cardiovascular diseases: a chal-
lenge for research, an opportunity for clinical care.
Front Med. 2019;6:36.

KEY WORDS electronic health records,
multicenter registries, outcome, secondary
prevention

mailto:rodolfocitro@gmail.com
http://refhub.elsevier.com/S2772-963X(23)00845-1/sref1
http://refhub.elsevier.com/S2772-963X(23)00845-1/sref1
http://refhub.elsevier.com/S2772-963X(23)00845-1/sref1
http://refhub.elsevier.com/S2772-963X(23)00845-1/sref2
http://refhub.elsevier.com/S2772-963X(23)00845-1/sref2
http://refhub.elsevier.com/S2772-963X(23)00845-1/sref2
http://refhub.elsevier.com/S2772-963X(23)00845-1/sref2
http://refhub.elsevier.com/S2772-963X(23)00845-1/sref3
http://refhub.elsevier.com/S2772-963X(23)00845-1/sref3
http://refhub.elsevier.com/S2772-963X(23)00845-1/sref3
http://refhub.elsevier.com/S2772-963X(23)00845-1/sref3
http://refhub.elsevier.com/S2772-963X(23)00845-1/sref4
http://refhub.elsevier.com/S2772-963X(23)00845-1/sref4
http://refhub.elsevier.com/S2772-963X(23)00845-1/sref4
http://refhub.elsevier.com/S2772-963X(23)00845-1/sref5
http://refhub.elsevier.com/S2772-963X(23)00845-1/sref5
http://refhub.elsevier.com/S2772-963X(23)00845-1/sref5
http://refhub.elsevier.com/S2772-963X(23)00845-1/sref5
http://refhub.elsevier.com/S2772-963X(23)00845-1/sref6
http://refhub.elsevier.com/S2772-963X(23)00845-1/sref6
http://refhub.elsevier.com/S2772-963X(23)00845-1/sref6
http://refhub.elsevier.com/S2772-963X(23)00845-1/sref6
http://refhub.elsevier.com/S2772-963X(23)00845-1/sref6
http://refhub.elsevier.com/S2772-963X(23)00845-1/sref7
http://refhub.elsevier.com/S2772-963X(23)00845-1/sref7
http://refhub.elsevier.com/S2772-963X(23)00845-1/sref7
http://refhub.elsevier.com/S2772-963X(23)00845-1/sref7
https://doi.org/10.1093/eurjpc/zwad237
https://doi.org/10.1093/eurjpc/zwad237
http://refhub.elsevier.com/S2772-963X(23)00845-1/sref9
http://refhub.elsevier.com/S2772-963X(23)00845-1/sref9
http://refhub.elsevier.com/S2772-963X(23)00845-1/sref9
http://refhub.elsevier.com/S2772-963X(23)00845-1/sref10
http://refhub.elsevier.com/S2772-963X(23)00845-1/sref10
http://refhub.elsevier.com/S2772-963X(23)00845-1/sref10
http://refhub.elsevier.com/S2772-963X(23)00845-1/sref10
http://refhub.elsevier.com/S2772-963X(23)00845-1/sref10
http://refhub.elsevier.com/S2772-963X(23)00845-1/sref11
http://refhub.elsevier.com/S2772-963X(23)00845-1/sref11
http://refhub.elsevier.com/S2772-963X(23)00845-1/sref11
http://refhub.elsevier.com/S2772-963X(23)00845-1/sref11
http://refhub.elsevier.com/S2772-963X(23)00845-1/sref12
http://refhub.elsevier.com/S2772-963X(23)00845-1/sref12
http://refhub.elsevier.com/S2772-963X(23)00845-1/sref12
http://refhub.elsevier.com/S2772-963X(23)00845-1/sref12
http://refhub.elsevier.com/S2772-963X(23)00845-1/sref12
http://refhub.elsevier.com/S2772-963X(23)00845-1/sref13
http://refhub.elsevier.com/S2772-963X(23)00845-1/sref13
http://refhub.elsevier.com/S2772-963X(23)00845-1/sref13
http://refhub.elsevier.com/S2772-963X(23)00845-1/sref13
http://refhub.elsevier.com/S2772-963X(23)00845-1/sref14
http://refhub.elsevier.com/S2772-963X(23)00845-1/sref14
http://refhub.elsevier.com/S2772-963X(23)00845-1/sref14
http://refhub.elsevier.com/S2772-963X(23)00845-1/sref14

	Cardiovascular Mortality in Takotsubo Syndrome
	Funding support and author disclosures
	References


