Heart Failure Reviews (2022) 27:857-868
https://doi.org/10.1007/s10741-021-10099-5

=

Check for
updates

Prognostic impact of antiplatelet therapy in Takotsubo syndrome:
a systematic review and meta-analysis of the literature

Francesca Rizzetto' - Micaela Lia' - Maddalena Widmann' - Domenico Tavella' - Luisa Zanolla' - Michele Pighi' -
Valeria Ferrero' - Flavio Luciano Ribichini’

Accepted: 17 March 2021 / Published online: 29 March 2021
© The Author(s) 2021

Abstract

While the most recent evidence suggests a lack of benefit, antithrombotic therapy is still extensively prescribed in patients
with Takotsubo syndrome (TTS). The objective of this study was to determine whether patients with TTS benefit from anti-
aggregation, in terms of either short-term or long-term outcomes. A systematic review and meta-analysis was conducted.
A comprehensive search of the literature included MEDLINE, Cochrane Library, Clinicaltrials.gov, EU Clinical Trial Reg-
ister, References, and contact with the authors. Methodological quality assessment and data extraction were systematically
performed. The review adhered to the PRISMA framework guidelines. A total of 86 citations were identified, six being
eligible for inclusion, for a total of 1997 patients. One of them considered both short-term and long-term outcomes. One
reported outcomes during the index event, while the remaining four focused on potential long-term benefits. They were all
retrospective cohort studies.

Based on our data, the long-term use of antiplatelet therapy (AT) led to a significantly higher incidence of the composite
outcome (OR: 1.54; 95% CI 1.09-2.17; p=0.014) and overall mortality (OR 1.72; 95% CI 1.07-2.77; p=0.027). The analy-
sis did not show a statistically significant difference in TTS recurrences, stroke/TIA, and MI or CAD worsening with AT com-
pared with no anti-aggregation. The AT in this settings did not show any clear benefit in improving the long-term outcomes, and
it may be even detrimental and it may be detrimental. These results warrant further future research and the design of adequately
powered randomized controlled trials focusing on the impact of aspirin on the outcomes in patients presenting with TTS.
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Abbreviations RCTs Randomized controlled trials

TTS Takotsubo syndrome CAD Coronary artery disease

ACS Acute coronary syndrome TIA Transient ischemic attack

MI Myocardial infarction NOS Newcastle-Ottawa quality assessment Scale

PRISMA Preferred Reporting Items for Systematic
Reviews and Meta-Analyses

AT Antiplatelet therapy Introduction

DAPT Double antiplatelet therapy

MACE Major adverse cardiovascular events The Takotsubo syndrome is an acute and reversible heart

MACCE Major adverse cardiovascular and cerebrovas- failure syndrome that, at the presentation, could be misdiag-
cular events nosed as an acute coronary syndrome (ACS) due to its clini-

cal and electrocardiographic characteristics. In this regard,
the Mayo Clinic criteria underline the main features of TTS
Francesca Rizzetto, Micaela Lia, and Maddalena Widmann [1], and in the past decades, several authors illustrated the
equally contributed to this work. differences between these two clinical conditions [2].

In TTS, there is a close relation between the brain and the
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michele.pighi @univr.it circulatory system [3]. The sudden release of catecholamines
1 represents the prominent factor leading to myocardial toxic-
Division of Cardiology, Department of Medicine, University ity. Indeed, catecholamine toxicity is characterized, from an
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histological standpoint, by the infiltration of mononuclear
inflammatory cells, the subsequent fibrotic response, and
the characteristic contraction bands [4]. In particular, the
interstitial mononuclear inflammatory response seen in the
contraction band necrosis with hypercontracted sarcomeres
distinguishes the myocyte injury in TTS from the polymor-
phonuclear inflammation seen in myocardial infarction [5].

Nevertheless, the similarity to ACS often pushes clini-
cians to prescribe AT, either during hospitalization or life-
long. The awareness could partially explain how stressful
events and adrenergic activity induce a blood hyperviscos-
ity state that AT could counteract [6]. Nevertheless, sev-
eral studies showed AT (either as single or as DAPT) does
not reduce major adverse cardiovascular events (MACE).
The lack of clear recommendations and gold-standard
approaches often causes inadequate therapy administration
in this setting.

The main objective of this systematic review with meta-
analysis was to assess the effectiveness of aspirin or other
antiplatelet agents in reducing either short-term or long-term
adverse outcomes in patients with a diagnosis of Takotsubo
syndrome.

Materials and methods

The present systematic review and meta-analysis of the lit-
erature adhered to the PRISMA [7] framework.

Inclusion criteria
Studies were included if they met the following criteria:

e Male and female adult patients, with a diagnosis of TTS
according to Mayo Clinic Criteria (2004 criteria up to
2008, then modified Mayo Clinic criteria) [8];

e The exposure measured was the use of either aspirin or
P2Y 12 inhibitors (eventually as DAPT);

e Reported data for at least two of the following outcomes:
overall survival, TTS recurrence, myocardial infarction
(MI), stroke;

e Publication date from January 1st, 2007 to August 31th,
2020;

e Either randomized controlled trials, cohort, or case-control
studies.

Exclusion criteria
e Age-specific or ethnicity-specific studies;
e Any literature review, meta-analysis, comment, letter,

editorial, and case report for the same population;
e Animal and in vitro studies;
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e For the long-term outcome subgroup, a planned median
follow-up shorter than 12 months after diagnosis for sur-
viving patients.

Randomized controlled trials (RCTs), meta-analyses, pro-
spective and retrospective cohort studies, and case-control
studies were identified from Medline, from Clinicaltrials.
gov, from the EU Clinical Trial Register and the Cochrane
Central Register of Control Trials. Three independent peer
investigators did the same research and came up with the
same study selection. No language restriction was deemed
necessary.

Pubmed The search strategy string was the following:
("Stress Cardiomyopathy"[All Fields] OR Takotsubo[All
Fields] OR Tako-tsubo[All Fields]) AND ("aspirin"[MeSH
Terms] OR "aspirin"[All Fields] OR ASA[AIl Fields] OR
Antiplatelet[All Fields] OR "clopidogrel"[MeSH Terms] OR
"clopidogrel"[All Fields] OR Antithrombotic[All Fields]).
A free terms search was considered more appropriate since
MESH terms were found to exclude some important studies.

Cochrane central register of controlled trials The following
search strategies were adopted "Takotsubo AND aspirin",
"Takotsubo AND antiplatelet", “Takotsubo AND antithrom-
botic", "aspirin AND stress cardiomyopathy".

Clinicaltrials.gov The following search strategies were
adopted “takotsubo AND aspirin”, “takotsubo AND anti-
platelet” and “takotsubo AND antithrombotic”.

EU clinical trial register The following search strategy was
adopted “Takotsubo”.

All the reference material of the investigated full texts
was searched, and where papers cited other potentially rel-
evant references, these were assessed.

Some of the most influential authors about this topic were
contacted by email to assess publication and small study
bias. They were asked whether they had conducted/knew any
further (eventually unpublished) related study and whether
they could provide further raw data about included studies.

One reviewer extracted study and patient characteristics,
intervention details, and outcome data from included studies
with a standardized method. Two other authors checked for
accuracy, and disagreements were resolved by consensus.

The following data were extracted: year of the study,
Country, study design, sample size population, main char-
acteristics of the population considered, the main outcome,
drug type, dosage, follow-up length, outcome variables,
statistical analysis, main findings, and conclusions. The
potential conflict of interest of the authors was considered.
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Meta-analysis for short-term outcomes was not deemed
appropriate.

Statistical analysis

Dichotomous outcomes were expressed as odds ratios
(ORs) with 95% confidence intervals (ClIs). Heterogene-
ity among included studies was explored qualitatively and
quantitatively (using the chi-square test of heterogeneity
and I statistic). Data from each study were pooled using
a fixed-effects meta-analysis model, due to lack of hetero-
geneity (for composite outcome heterogeneity y>=0.21,
d.f.=3, p=0.976; for all-cause mortality heterogeneity
7$=1.59,df =2, p=0.451; for TTS recurrence heterogene-
ity *=0.19, d.f. =2, p=0.908; for stroke/TIA heterogeneity
;(2:2.03, d.f.=1, p=0.154; for MI/CAD progression het-
erogeneity )(2 =1.50, d.f. =2, p=0.473; for each sub-analysis
2 0.0%). A composite outcome was analyzed, and data were
then further stratified to explore the effect on each outcome.

Analyses were performed using Stata/IC 14 for Windows
(Stata Corp LP, 4905 Lakeway Drive, College Station, TX
77845, USA).

Results
Search results

Figure 1 shows the flow chart of the study selection pro-
cess. The search of databases and article references pro-
duced 86 references. The removal of duplicates resulted
in 83 references. Titles and abstracts of all retrieved
papers were then assessed using the pre-specified inclu-
sion criteria. Sixty-eight studies were either case reports/
reviews/expert opinions or were considered not related to
the main objective of this systematic review, while 15 were
selected for retrieval for detailed evaluation: six studies
were appropriate for inclusion, while the other nine of
them were considered not eligible (Table 1).

One study was incomplete (not fully published yet), but
data of interest were available, and the authors were con-
tacted by email to discuss the availability of further data.

One study focused on in-hospital outcomes (up to
30 days after admission), four described long-term out-
comes, and one examined both. Another one gave some

Records excluded (n = 67)
- 34 case reports;

- 3 letters to the editor;
11 about pathophysiology;
7 different population;

- 9 different topic;

- 2 different intervention;

- 1 comparison with ischaemic
patients

Full-text articles excluded,

see table 1 (n = 10)

R
Records identified through database Additional records identified
searching through other sources
8 (n = 80) (n= 6)
g
h=!
=
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R
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= (meta-analysis)
= (n= 4)
Q
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——

Fig. 1 Study flow chart which illustrates the study selection process in accordance with the PRISMA statement. PRISMA: Preferred Reporting

Items for Systematic Reviews and Meta-Analyses
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Table 1 Characteristics of excluded full texts

Parodi et al. [9], Cangella et al. [10]

Luu et al. [11], Samardhi et al. [12], Opolski et al. [13]
Fazio et al. [14]

Nuiiez-Gil et al. [15]

Dias et al. [16]

Santoro et al. [17]

No antiplatelet therapy as measured exposure

The outcome was not reported/stratified depending on antiplatelet therapy prescription
Ejection fraction recovery and hospitalization length as only reported outcome
Laboratory data as outcome

Stroke as only outcome measured; ethnicity subgroup

Meta-analysis (but its references were investigated with success)

information about 30-days outcomes, but these data were
incomplete so that any discussion based on them was
deemed unreliable [18].

Only four studies were included in both qualitative and
quantitative examination (for the long term).

Description of included studies

All the included studies were observational cohort studies
(see Table 2 and 3).

The sample size ranged from 12 to 1533, with 1739
patients for the short-term outcome, and 1791 patients fol-
lowed up over a long-term period. The mean age of par-
ticipants was 66.9 years, the great majority of whom were
females (consistent with the current epidemiology of Takot-
subo syndrome).

Participant’s treatment with AT after receiving a diagno-
sis of Takotsubo syndrome was compared with no antiaggre-
gation. As extensively shown in Tables 2 and 3, one of the
included studies considered short-term outcomes, while four
studies considered long-term outcome [18-21] and one reported
both [22]. These two outcomes were considered separately.

It should be noted that only the studies on long term out-
comes were deemed appropriate for quantitative analysis
because an extensive search of the existing literature led to
just two studies focusing on short term outcome. The one
by Piackova and colleagues was excluded due to the lack of
raw data [20].

Short-term outcome The main features of the included stud-
ies are summarized in Table 2.

The multicenter observational retrospective cohort study
conducted by D’Ascenzo et al. [22] included 1533 con-
secutive patients from 25 cardiovascular centers with TTS
according to the modified Mayo Clinic diagnostic criteria
(InterTAK Registry). The cohort was made up mainly of
females (1382, 90.2%), and the mean age was 66.4 years,
with people ranging from 53.3 to 79.5 years of age. The
exposure group included 1031 patients discharged with
aspirin, while the other group consisted of the 502 patients
discharged without AT.

@ Springer

The outcome (MACE/MACCE) was a composite end-
point of all-cause death, TTS recurrence, stroke, transient
ischemic attack (TIA), or MI up to 30 days after the index
event.

Unadjusted outcomes showed no difference for all short-
term endpoints (unadjusted HR 0.89 [95% CI 0.41-1.95],
p=0.78). This result was confirmed by the adjusted analysis
based on propensity (HR 1.24 [95% CI 0.5-3.04], p=0.64)
and no significant differences were observed for the single
components of MACCE (both as unadjusted results and after
propensity matching).

In contrast, the retrospective study of Dias et al. [23]
suggested a protective role of AT during the index hospi-
talization. The investigators included 206 patients with TTS
admitted between 2003 and 2013. They evaluated whether
AT (either aspirin alone or DAPT) was an independent
predictor of MACE (defined as in-hospital heart failure,
in-hospital death, stroke, or respiratory failure requiring
mechanical ventilation) during the index hospitalization.
Using a multiple logistic regression model, they demon-
strated that single anti-aggregation and DAPT at the time
of hospitalization were the only independent predictors of
a lower incidence of MACE during index hospitalization
[single AT: OR 0.4, 95% CI (0.16-0.9), p=0.04; DAPT: OR
0.34,95% CI (0.18-0.65), p=0.001].

Long-term outcome As previously mentioned, five out of
six studies [18-22] analyzed the association between anti-
aggregation after receiving a diagnosis of TTS and long-
term outcome.

The cohort considered by D’Ascenzo and colleagues [22]
has been described above.

As listed in Table 3, the cohort studied by Piackova
included 99 patients with a mean age of 67.8 years, 6.2%
of which with a history of MI [20]. It is to notice that the
authors decided to exclude patients on oral anticoagulation
therapy, and on the one hand, this excludes an important
confounding factor. On the other hand, it might represent
a selection bias, since due to the risk of apical thrombosis,
several TTS patients need anticoagulation. In this paper,
multivariable regression analysis was performed to adjust
for confounders.



Heart Failure Reviews (2022) 27:857-868 861

=5 § The study by Abanador-Kamper et al. [18] included patients
_ fé _ P :: é’ whose average age was 68.8 years, mainly women (93%), but
g n 5\; A &) 3 excluded patients with prior MI to clearly distinguish TTS
&z g@ & g E = patients. Antithrombotic therapy was prescribed in most
2 3 % f i @ £ éﬁ g patients (96%), making the control group much less repre-
% ; p En ﬂo< 5 g S| 3 sented. Furthermore, some of those not on aspirin received
~ T » 8 oral anticoagulation (a potential confounder, as reported
= g g above).
g ‘E § Finally, even though AT was prescribed for 3 (in one
o = 4 patient) to 12 months (for the great majority), it is compul-
E . g —§ sory to highlight that therapy was aborted earlier in eleven
5 5‘ é g patients and two other patients received a longer treatment,
4 R = g thus representing a potential bias.
B § The smallest study was conducted by Khalighi [19] and
2 = his group, evaluating only 12 patients (all women), with ten
g § of them receiving either aspirin or DAPT. This study could
% ) - 2 boast the longest follow-up (8.3 £ 3.6 years).
g % ) B Finally, Cacciotti and colleagues [21] tried to evaluate
o = = ;ié the association between aspirin and long-term outcome in a
S ‘% cohort of 75 patients, with 19 of them being lost during the
5 E 2.2-year-long follow-up.
o - S Each study individually concluded that aspirin use after
= ) - - diagnosis does not convincingly improve recurrences, mor-
2 E tality, stroke, and other major cardiovascular events. In this
§ s regard, the largest study [22] presented unadjusted data
E’; 5 % showing no differences among the two groups for the com-
g ;I-rl " § posite outcome (unadjusted HR 1.15 [95% CI 0.81-1.68],
s 8 = = p=0.41). By further stratifying these results, no difference
_ 53 § for single endpoints emerged.
‘g %‘J o % < g § 3 Similarly, according to the PS stratification method,
é g g St g EER % aspirin was not associated with a reduced hazard of
gg Zé g’né "; ’% _’éﬂ £ = MACCE at 5-year follow-up (HR 1.11, 95% CI 0.78-1.58,
g5 ) g ‘§ g5 E«aﬂ § p=0.58). It is interesting to highlight that results showed
5 i@ g g e = no benefit also for the single components of MACCE,
o |5 T o = including death (HR 1.36, 95% CI1 0.79-2.34, P=0.27),
g = @ o - g TTS recurrence (HR 0.53, 95% CI 0.27-1.03, P=0.06),
E _EE23EE3 5 stroke/TIA (HR 1.52, 95% CI 0.65-3.54, P=0.33), or
£ £52C S22 g MI (HR 3.28, 95% CI 0.38-28.28, P=0.28). The only
ﬁz §0 g _“2 % % % % % % conflicting result was obtained with the propensity score
214 SomO ox0 £ IPTW and PS covariate adjustment methods, which
8 ° % showed some weak association between aspirin use and
__ag =_§ E o :% a risk reduction for TTS recurrence (PS with IPTW, HR
2 2 g é g 5 0.47 [95% CI, 0.26-0.83], p=0.01).
E Z 3 8 B § Also, Piackova, who evaluated all-cause and cardio-
= z g é = z % vascular mortality, came to the same conclusion, with
= § ¢ 888 & 'g a hazard ratio of 0.811 (CI=0.449-1.464, p=0.488)
; © o = ; and of 0.611 (CI=0.209-1.788, p=0.368), respectively
z 2 [20].
% 5 = %) 13 The group of Abanador-Kamper [18] analyzed the occur-
g z E ) é rence of MACE (defined as recurrence of TTS or myocar-
2 § % N Tj e dial infarction, stroke, or death) during the first 24 months.
2 £ z § 2 § ° Three patients of the cohort died from non-cardiovascular
i a~ A S 5 causes (neoplasms), three patients experienced a stroke
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(two of them during the first 30 days, the other after a
12-month follow-up), one suffered from recurrent TTS dur-
ing the first year, and in one patient MI was documented.
All these patients were on AT. The incidence of events was
lower than the one reported in other registers so that the
authors did not exclude that it could be attributed to the
extensive use of AT.

In the study by Khalighi and colleagues [19], only
one patient had coronary artery disease (CAD) progres-
sion, and this patient was not on aspirin. Finally, in the
study by Cacciotti et al. [21], both death and recurrence
occurred in patients taking aspirin.

Quality assessment and risk of bias in included
studies

Each study that fulfilled all inclusion criteria was graded for
its quality of evidence. Three peer reviewers independently
assessed the methodological quality of each study.

Probably, due to the reluctance in avoiding AT, in a syn-
drome that resembles so much an ACS, none of them was
a RCT. Indeed, they were all cohort studies. Furthermore,
since Takotsubo is not such a widespread syndrome, non-
multicenter studies included a small number of patients,
and for the same reasons, they all had a retrospective
design.

For this reason, the risk of bias in individual studies
was assessed using the Newcastle-Ottawa Quality Assess-
ment Scale (NOS) for observational studies [24, 25] that
evaluates the selection of participants, comparability of

the groups, and ascertainment of the outcome of interest.
The maximum score that could be given was nine points,
and only studies with six or more points were considered
“high quality” ones. As listed in Table 4, all the included
studies reach this threshold, with one of them gaining the
maximum score and one study just above the established
cut-off.

Nevertheless, the majority were formally underpowered
for the main outcomes, and the population was skewed
towards the AT group.

Meta-analysis

Our study showed that the administration of any AT follow-
ing TTS had a negative impact on the long-term composite
outcomes (OR: 1.54;95% CI 1.09-2.17; p=0.014) as shown
in Fig. 2.

The same conclusion can be drawn for all-cause mortal-
ity alone (OR 1.72; 95% CI 1.07-2.77; p=0.027), as Fig. 3
shows. The study by Khalighi et al. was not included in this
sub-analysis due to the lack of events.

Moreover, the analysis did not show statistically sig-
nificant differences in TTS recurrences (OR: 0.86; 95%
CI: 0.48-1.54; p=0.6), stroke/TIA (OR: 1.57; 95% CI
0.77-3.19; p=0.22), and MI or CAD worsening (OR 1.73;
95% CI10.36-8.3; p=0.5) with AT compared with no anti-
aggregation (Figs. 4, 5, and 6, respectively). The paper by
Cacciotti and his group was excluded in both these last two
sub-analyses because no events were reported.

Table 4 Risk of bias based on
the Newcastle-Ottawa scale

Study Selection 12 3 4 Comparability 1 Outcome 12 3 Total
D’Ascenzo et al. (2019) A*ATAFA* A*B* B*A*A* 9
Dias et al. (2015) A*A*ARA* A* B*B A* 7
Piackova et al. (2018) B*A*A*A* A* B*A*A* 8
Abanador-Kamper et al. (2016) AFAFA*A* A* B*A*A* 8
Khalighi et al. (2016) B*A*A*A* B*A*A* 7
Cacciotti et al. (2012) A*AFA*RA* B*A*C 6

Selection: 1 Representativeness of the exposed subjects (a-truly representative of the average TTS popu-
lation in the community*, b-somewhat representative of the average TTS population in the community*,
c-selected group of users, e.g., nurses, volunteers, d-no description of the derivation of the cohort); 2 selec-
tion of the non-exposed cohort (a-drawn from the same community as the exposed cohort*, b-drawn from a
different source, c-no description of the derivation of the non exposed cohort); 3 ascertainment of exposure
(a-secure record (eg surgical records)*, b-structured interview*, c-written self report, d-no description); 4
demonstration that outcome of interest was not present at start of study (a-yes*, b-no)

Comparability: 1 Comparability of cohorts based on the design or analysis, with a maximum of two aster-
isks (a-study controls for age, b) study controls for any additional factor)

Outcome: 1 Assessment of outcome (a-independent blind assessment*, b-record linkage*, c-self report,
d-no description), 2 was follow-up long enough for outcomes to occur (a-yes*, b-no), 3 adequacy of follow-
up of cohorts (a-complete follow-up*, b-subjects lost at follow-up unlikely to introduce bias*, c-follow-up

rate <60%, d-no statement)

@ Springer
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Fig.2 Composite outcome AT:
antiplatelet therapy; OR: odds

ratio; CI: confidence interval
Study

Cacciotti (2012)

Abanador-Kamper (2016)

%

OR (95% Cl) Weight

m— S

1.49(0.07,31.39) 1.36

1.16(0.13,10.58) 2.71

Khalighi (2016)

D'Ascenzo (2019)

Overall (l-squared =0.0%, p = 0.976)

0.79(0.02,25.90) 1.20

—— 1.56 (1.10, 2.21) 94.73

<> 1.54(1.09,2.47)  100.00

T T
1D 1 25

AT decreases OR of event AT increases OR of event

Discussion

Although no RCTs were found, the present meta-analysis
collected all the existing studies focusing on the topic,
through a systematic review of the literature.

The analysis of the short-term outcome was possible only
in two studies which showed contradictory results. Dias et al.
[23] focused on the need for aspirin administration during
hospitalization, showing a potential benefit, most likely
related to the well-known state of blood hyperviscosity [6]

Fig.3 All-cause mortality AT:
antiplatelet therapy; OR: odds

ratio; CI: confidence interval
Study

characterizing the acute phase of TTS. However, this phe-
nomenon was not confirmed by D’Ascenzo et al. [22], who
analyzed a larger cohort of patients for a much more extended
period after the index event (30 days). Therefore, the avail-
able data to date do not provide any substantiated and univo-
cal message about administering AT during hospitalization.

Concerning the long-term outcome, the present meta-
analysis did not significantly show a benefit of single or
double AT compared with no antiplatelet therapy. It indeed
even provided evidence of an independent negative effect
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Fig.4 Recurrence of events AT:
antiplatelet therapy; OR: odds

ratio; CI: confidence interval Study
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D'Ascenzo (2019)
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0.46 (0.02,12.03) 3.54

0.88 (0.48, 1.61) 93.09

(Excluded) 0.00

0.86 (0.48, 1.54) 100.00

AT decreases OR of event

of aspirin, P2Y12 inhibitors or DAPT on long-term overall
prognosis and all-cause mortality. The forest-plot shows that
D’Ascenzo’s study overbalances the results due to its much
higher numerosity.

Although the large sample size, the results of the study
conducted by D’Ascenzo and his group did not reach statisti-
cal significance. This fact shows that our paper, obtained by
cumulative analysis of all existing studies on this issue, leads
for the first time to some original statistically significant
results. We suggest that the statistically significant result of

Fig.5 Stroke or TIA AT: anti-
platelet therapy; OR: odds ratio;

CI: confidence interval
Study

T T
5 1 25

AT increases OR of event

the present study could give practical guidance for everyday
practice, thus filling the gap left by existing evidence and
current guidelines. Indeed, the last guidelines (2020) [26] on
Acute Coronary Syndrome management in patients present-
ing without persistent ST-segment elevation do not provide
any recommendation on antiplatelet therapy in TTS. Despite
this, the same guidelines do not include TTS among the non-
obstructive myocardial infarction (MINOCA) due to the lack
of an ischemic pattern, making AT therapy inappropriate
even from a pathophysiological point of view. This lack of
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Fig.6 MI or CAD progres-
sion AT: antiplatelet therapy;
OR: odds ratio; CI: confidence

. Stud:
interval g
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clear recommendation often leads to prescriptions that are
not supported by evidence, with two out of three cardiolo-
gists who do not adhere to any guidelines and with many
patients being dismissed on antiplatelet therapy [27, 28].

The present analysis did not demonstrate any significant
difference in TTS recurrence, cerebrovascular events, MI, or
CAD progression. Sub-analysis concerning bleeding events
could not be performed due to lack of data in most of the
included studies.

Finally, the study by Piackova et al., which was not
included in quantitative analysis, showed no statistically sig-
nificant correlation between aspirin/P2Y 12-i/DAPT and long-
term MACEs.

Based on our data, a widespread prescription of aspirin
in this specific setting and in the absence of other strong
cardiovascular indications may be not supported, even if
we recognize the quality of the evidence itself is limited.
Indeed, although based on a superficial analysis, aspirin
might seem a harmless drug, it is necessary to bear in
mind its adverse effects such as gastrointestinal affections,
minor and major bleedings, or allergies. The prescription
of antiplatelet therapy for primary prevention is indeed
subject to debate. Recent studies, such as the ASPREE
[29], showed an increased bleeding risk in patients on
aspirin, in the absence of other clinical benefits. The CHA-
RISMA [30] demonstrated an even more detrimental effect
of DAPT when compared with single antiplatelet therapy
for primary prevention, showing a significant increase
of death from any cause and cardiovascular mortality in
patients treated with both aspirin and clopidogrel versus

@ Springer

aspirin alone. The potential harm of the antiplatelet ther-
apy seems to be related to an increased risk of major (such
as gastrointestinal bleeding, cerebrovascular bleeding) and
minor (gums or ocular bleeding, epistaxis) bleedings. This
phenomenon impacts particularly on frail older people,
who are often affected by either neurological disorders or
rheumatologic diseases, and who are thus more prone to
accidental falls.

In this regard, the lack of data about bleeding risk repre-
sents one of the greatest limitations of the included studies
but based on the evidence mentioned above, it is reasonable
to expect that such sub-analysis would further strengthen the
concept that antiplatelet therapy in this setting might be not
only useless but even detrimental.

Study limitations

The main limitation of this meta-analysis is that no RCT
has ever been conducted on this topic so that patients with
other cardiovascular diseases were more prone to receive AT.
Indeed, previous CAD, diabetes mellitus, peripheral artery
diseases, and other co-morbidities which may have indicated
antiplatelet therapy were not accounted for, with the only
exception of Piackova et al., who excluded patients with prior
myocardial infarction. Anyway, it should be highlighted that
given the low prevalence of TTS, observational studies do
currently represent the only available evidence in this set-
ting. Secondly, no subgroup analysis was made depend-
ing on the AT type, due to the lack of these information in
some of the studies. Thirdly, in most studies, groups were
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not equally represented, since the vast majority of patients
received a prescription of AT, but this further underlines the
need to understand its real indications better. According to
the Newcastle-Ottawa Scale, all our studies should be con-
sidered high-quality ones. Besides, the heterogeneity was low
for all the included studies. Nevertheless, may be still some
systematic biases, which the 95% confidence interval cannot
account for.

Concerning other methodological limitations, all the stud-
ies included in the present analysis, but one was underpow-
ered. However, the strength of the study lies in the system-
atic definition, collection, and analysis of data, as well as in
the analysis of MACEs and not of surrogate markers such
as ejection fraction recovery.

Conclusions

This literature review was the first and only comprehensive
systematic review with a meta-analysis that evaluated the
relationship between AT use after TTS diagnosis and both
short-term and long-term outcomes.

This review revealed that no existing evidence supports life-
long AT in patients with TTS. In particular, anti-aggregation
is of no use, but for the first time, we also found a statistically
significant result suggesting a detrimental role of AT for com-
posite MACEs and overall mortality.

The conflicting results about short-term outcomes sug-
gest that this is an area worthy of further research. No
RCT was ever conducted, and our analysis represents the
state-of-the-art and the highest level of evidence the entire
literature provides. We believe that it could help the cli-
nician in treating Takotsubo patients (corroborating the
fact that aspirin may be of harm and that TTS cannot be
equated to ischemic cardiopathy) and that it encourages
the design of RCTs.

Implications for research and practice

The need for further investigations on this issue and pro-
ceeding with new and more powered cohort studies and
RCTs would be advisable, to further assess this item and
reassure clinicians about the safety of avoiding aspirin
prescription in TTS patients, hopefully addressing more
practical concerns also about side effects.
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