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Abstract

Aims Acute pulmonary disorders are known physical triggers of takotsubo syndrome (TTS). This study aimed to investigate
prevalence of acute pulmonary triggers in patients with TTS and their impact on outcomes.

Methods and results Patients with TTS were enrolled from the International Takotsubo Registry and screened for triggering
factors and comorbidities. Patients were categorized into three groups (acute pulmonary trigger, chronic lung disease, and no
lung disease) to compare clinical characteristics and outcomes.

Of the 1670 included patients with TTS, 123 (7%) were identified with an acute pulmonary trigger, and 194 (12%) had a known
history of chronic lung disease. The incidence of cardiogenic shock was highest in patients with an acute pulmonary trigger
compared with those with chronic lung disease or without lung disease (17% vs. 10% vs. 9%, P = 0.017). In-hospital mortality
was also higher in patients with an acute pulmonary trigger than in the other two groups, although not significantly (5.7% vs.
1.5% vs. 4.2%, P = 0.13). Survival analysis demonstrated that patients with an acute pulmonary trigger had the worst long-term
outcome (P = 0.002). The presence of an acute pulmonary trigger was independently associated with worse long-term mor-
tality (hazard ratio 2.12, 95% confidence interval 1.33-3.38; P = 0.002).

Conclusions The present study demonstrates that TTS is related to acute pulmonary triggers in 7% of all TTS patients, which
accounts for 21% of patients with physical triggers. The presence of acute pulmonary trigger is associated with a severe
in-hospital course and a worse long-term outcome.

Keywords Takotsubo syndrome; Broken heart syndrome; Outcome; Acute respiratory insufficiency; Chronic obstructive pulmonary
disease; InterTAK Registry
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Introduction effects of the cardio-respiratory systems on haemodynamic
status, such respiratory disorders may also affect the
prognosis of TTS.*

The aim of the present study was to investigate the preva-
lence of acute pulmonary triggers and history of chronic lung
disease in patients with TTS and their clinical impact on
in-hospital and long-term outcomes using the International
Takotsubo Registry (InterTAK Registry; www.takotsubo-regis-
try.com) cohort.

Takotsubo syndrome (TTS) is characterized by acute left ven-
tricular dysfunction and mainly occurs in postmenopausal
women.>™ In addition, TTS is often associated with anteced-
ent emotional or physical stressors.*® Recent data indicate
approximately one-third of patients show identifiable physi-
cal stressful triggers, including a wide spectrum of medical
conditions, such as respiratory disorders.””® However, there
is scarce information on the relationship between antecedent
acute respiratory disorders and TTS. Methods

Hypoxia during acute pulmonary decompensation may
activate sympathetic drive and provoke catecholamine Patients and inclusion criteria
surge, which can trigger TTS. Acute respiratory disorders
have been identified as a physical trigger for TTS in numer- Takotsubo syndrome patients were enrolled from the
ous case reports and systematic reviews.> ! Due to the InterTAK Registry as previously described.'® Data were que-
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ried from the University Hospital Zurich and 25 collaborating
hospitals in nine countries (Austria, Finland, France,
Germany, Italy, Poland, Switzerland, UK, and the USA) from 1
January 2011 to 31 December 2014. TTS was diagnosed ac-
cording to the modified Mayo Clinic Diagnostic Criteria*>**:
(i) a transient wall motion abnormality in the left ventricle
beyond a single coronary artery territory; (i) the absence
of obstructive coronary artery disease or angiographic evi-
dence of acute plaque rupture, explaining the wall motion
abnormality; (iii) new electrocardiographic abnormalities or
elevation in cardiac troponin values; and (iv) the absence
of myocarditis. Patients matching all other criteria, in whom
the wall-motion abnormality was identical to a single
coronary artery territory coincidentally, were included. TTS
patients who died during the acute phase before complete
recovery of wall motion were not excluded. When eligibility
for inclusion was uncertain, patient charts were reviewed
by several core members at the University Hospital Zurich
to reach an agreement.

The investigation conforms with the principles outlined in
the Declaration of Helsinki. The study protocol was
reviewed by the respective local ethics committees or
investigational review boards at each collaborating site.
Due to the partly retrospective nature of the study, ethics
committees of most study centres waived the need for
informed consent. At centres in which the ethics commit-
tees or investigational review boards required informed
consent or in which patients were included prospectively,
formal written consent was obtained from patients or
surrogates.

We screened for TTS triggering factors and comorbidities
in all patients. The definition of an acute pulmonary trigger
included acute exacerbation of chronic obstructive
pulmonary disease (COPD) or asthma, acute respiratory
infection including bacterial/viral pneumonia, bronchitis,
aspiration, acute respiratory distress syndrome (ARDS),
pneumothorax and acute respiratory failure from other
pulmonary conditions except for apparent cardiogenic
pulmonary oedema secondary to TTS. A history of chronic
lung disease was defined as a clear diagnosis of COPD/
asthma characterized by persistent respiratory symptoms
and airflow limitation in patient charts. Follow-up data
were collected through clinical visits, clinical charts, or
phone calls.

We categorized all patients with TTS into three groups:
(i) those triggered by an acute pulmonary process (‘acute
pulmonary trigger’), (ii) those with a known history of
chronic lung disease without an acute pulmonary trigger
(‘chronic lung disease’), and (iii) patients with neither an
acute respiratory trigger nor a chronic lung disease (‘no
lung disease’). We compared clinical characteristics,
hospital course (including intensive care treatment and
complications), and 5 year outcomes between the three
groups.

Statistical analysis

Continuous data are presented as mean + standard deviation,
and laboratory values are given as medians and interquartile
ranges. Categorical variables are provided as numbers and
percentages. Comparisons of patient characteristics between
different groups were performed with one-way analysis of
variance or Kruskal-Wallis test for continuous data and Pear-
son y° test for categorical variables.

Outcome analysis was performed using Kaplan—Meier esti-
mates and log-rank tests. Cox-regression analysis was con-
ducted to determine the hazard ratio and 95% confidence
intervals of an acute pulmonary trigger and past history of
chronic lung disease using the no lung disease group as a ref-
erence. To adjust for potential differences between groups, a
multivariable analysis (including variables that had shown a
significant difference in the baseline comparison and were
likely correlates of long-term mortality) was performed via
Cox-regression analysis. Missing data on covariates were
completed with multiple imputations prior to multivariable
Cox-regression. All tests were two-sided and statistical signif-
icance was defined as P < 0.05. Statistical analyses were per-
formed using IBM SPSS Statistics, Version 25.0 (IBM Corp.,
Armonk, NY, USA). Graphs were compiled with Prism 7
(GraphPad, La Jolla, CA, USA).

Results

From the InterTAK Registry, 1670 patients with complete in-
formation on triggering factors and history of lung disorders
were analysed. Of these patients, TTS triggered by an acute
pulmonary disease was identified in 123 patients (7%,
Figure 1), consisting of acute exacerbation of COPD (n = 59,
48%) or asthma (n = 14, 11%), acute respiratory infection
(n =30, 24%), ARDS (n = 8, 7%), pneumothorax (n = 3, 2%),
and acute respiratory failure from other pulmonary condi-
tions (n =9, 7%). A total of 194 patients (12%) had a known
history of chronic lung disease that did not trigger TTS, includ-
ing COPD (n = 151, 78%) and asthma (n = 43, 22%). The re-
maining 1353 patients (81%) were without an acute
pulmonary disease process or known history of chronic lung
disease.

The comparison of clinical characteristics between groups
is summarized in Table 1. The proportion of female patients
was significantly higher in patients with no lung disease than
in the other groups (84% vs. 85% vs. 91%, P = 0.003). There
was no difference in age between groups. The highest crea-
tine kinase level on admission was shown in patients with
no lung disease (factor increase of the upper limit of normal,
0.71 vs. 0.75 vs. 0.87; P = 0.016), while there was no differ-
ence in troponin or brain natriuretic peptide. White blood cell
count on admission was highest in patients with an acute
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Figure 1 Acute pulmonary triggers and chronic lung diseases. Acute pulmonary triggers were identified in 7% of patients. In the other patients, 12%
had a past history of chronic lung diseases including chronic obstructive pulmonary disease and asthma. Patients without an acute pulmonary trigger or
chronic lung disease were classified into the no lung disease group (81%). ARDS, acute respiratory distress syndrome; COPD, chronic obstructive pul-

monary disease.

-«

= Acute pulmonary trigger (n=123, 7.4%)
Chronic lung disease (n=194, 11.6%)
No lung disease (n=1353, 81.0%)

COPD exacerbation (n=59, 48.0%)
Respiratory tract infection (n=30, 24.4%)
Asthma exacerbation (n=14, 11.4%)
ARDS (n=8, 6.5%)

Pneumothorax (n=3, 2.4%)

Others (n=9, 7.3%)

pulmonary trigger (11.58 vs. 10.04 vs. 9.60, ><103/pL,
P < 0.001). There was no difference in electrocardiographic
findings and TTS types between groups. Heart rate was signif-
icantly higher (98.3 £ 22.9 bpm vs. 91.4 + 20.6 bpm vs.
86.1+21.7 bpm, P < 0.001), and left ventricular ejection frac-
tion (38.1 £ 12.1% vs. 39.8 + 11.6% vs. 41.4 + 11.7%,
P =0.005) was reduced significantly in patients with an acute
pulmonary trigger. There were significantly more current
smokers in the group with an acute pulmonary trigger and
chronic lung disease (32% vs. 36% vs. 17%, P < 0.001), which
was associated with a higher prevalence of respiratory tract
cancer (4.2% vs. 6.5% vs. 1.7%, P < 0.001). Acute intensive
care treatments, especially invasive or non-invasive ventila-
tion, were needed most frequently in patients with an acute
pulmonary trigger (45% vs. 21% vs. 14%, P < 0.001). In addi-
tion, the incidence of cardiogenic shock was highest in pa-
tients with an acute pulmonary trigger (17% vs. 10% vs. 9%,
P =0.017), which was associated with the highest prevalence
of catecholamine use. In-hospital mortality was numerically
higher in patients with an acute pulmonary trigger, although
the difference was not statistically significant (5.7% vs. 1.5%
vs. 4.2%, P = 0.13).

Five-year survival analysis (Figure 2) demonstrated that pa-
tients with an acute pulmonary trigger had the worst out-
come when compared with patients with chronic lung
disease (P = 0.003) and patients without pulmonary disease
(P = 0.001). No statistical evidence could be observed when
comparing 5 year mortality between patients with chronic
lung disease and patients without pulmonary disorders
(P =0.58). Cox-regression analysis revealed that an acute pul-
monary trigger was independently associated with worse
5 year mortality (hazard ratio 2.12, 95% confidence interval
1.33-3.38; P = 0.002), while chronic lung disease had no im-
pact (P = 0.22; Figure 3).

Discussion

The principal findings of this study were as follows: (i) acute
pulmonary disorders accounted for 21% of all patients with
physical triggers in the InterTAK Registry; (ii) the presence
of an acute pulmonary trigger in TTS was independently
associated with worse long-term outcome; (i) the
coexistence of COPD or asthma in patients who had
non-pulmonary triggers for TTS had no effects on long-term
mortality outcomes.

Although emotional stress was classically recognized a typ-
ical feature of TTS, previous studies showed that more than
one-third of patients with TTS were provoked by physical
stressors.”*> Recently, significant diversity of physical
stressors has been reported to trigger TTS, including acute re-
spiratory disorders.*®> Furthermore, respiratory disorders
such as ARDS may trigger a transient decrease in global
systolic dysfunction, which might represent a form of TTS.
Indeed, in the present study, acute pulmonary triggers were
identified in 7% of all TTS patients.

While the exact role of acute pulmonary triggers in TTS has
not been established, multiple factors may be involved.
Hypoxia during acute respiratory dysfunction may activate
sympathetic drive and cause a chemo-reflex response that
triggers TTS.'° Moreover, hypercapnia and associated respira-
tory acidosis have been reported to be strong stimuli for
noradrenaline and adrenaline synthesis in animal models
and humans.*>*® There may be potential additional effects
of CO, on catecholamine stimulation beyond systemic
acidosis.>” These cascades involve an enhanced sympathetic
drive that results in elevated catecholamine levels, which is
thought to have a central role in the pathophysiology of
TTS.18
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Figure 2 Kaplan—Meier curve for long-term mortality. Patients with an acute pulmonary trigger had the worst long-term prognosis, while the outcome
of patients with a history of chronic lung disease was comparable with patients without lung disease. TTS, takotsubo syndrome.

401
P=0.003 [_
P=0.58 [_

Mortality (%)

Acute pulmonary trigger
:| P=0.001

No lung disease

Chronic lung disease

_l—'-'_'_'r

,—"'_r._.-

Overall P=0.002

C L) 1 1
0 1 2
No. at risk
— 123 52 31
194 95 73
— 1353 635 475

3 4 5

Years after TTS Event

23 16 10
59 38 24
364 263 174

Figure 3 Outcome predictors. Multiple Cox-regression analysis adjusting for potential differences between the groups using the no lung disease group
as a reference. The presence of an acute pulmonary trigger was independently associated with worse long-term mortality, while chronic lung disease
had no impact. Male sex, history of cancer, left ventricular ejection fraction below 45%, and white blood cell count on admission were also indepen-
dently associated with worse long-term outcome. Bpm, beats per minute; Cl, confidence interval; HR, hazard ratio; WBC, white blood cell count. The

error bars indicate 95% CI.

5-Year Mortality HR (95% C.l.) P value
No lung disease 4 ‘
Acute pulmonary trigger [ am! 2.12(1.33-3.38) P=0.002
Chronic lung disease + 0.72 (0.42-1.22) P=0.22
Female sex + I—H 0.56 (0.37 - 0.85) P=0.007
Current smoking 4 : 0.98 (0.79 - 1.22) P=0.87
Cancer + R 2 2.24 (1.57 -3.21) P<0.001
Left ventricular ejection fraction <45% + I—H 2.16 (1.44 - 3.23) P<0.001
Heart rate > 70 bpm 4 1.11(0.67 - 1.85) P=0.69
First creatine kinase (log) + 1.02 (0.66 - 1.57) P=0.93
First WBC > 10x 10° cells/ul 1 = = 2.12(1.44 - 3.13) P<0.001
0.1 ; 1.0

This is the first report demonstrating the clinical impact of
acute pulmonary triggers on in-hospital and long-term out-
comes in TTS patients. Intensive care treatment during the
acute phase was more frequently required in patients with
an acute pulmonary trigger than in other groups. In addition,
cardiogenic shock was more often observed in patients with
an acute pulmonary trigger. These results might be related
to a lower left ventricular ejection fraction in patients with
acute pulmonary trigger. Furthermore, multivariate analysis
revealed that having an acute pulmonary trigger was
independently associated with worse long-term outcome.
TTS patients with a history of COPD/asthma needed invasive

or non-invasive ventilation more frequently during the acute
phase than those without lung disease, while no difference
was observed in regard to long-term mortality. These findings
suggest that TTS development might reflect or affect the
severity of pulmonary disorders.

Study limitations
First, differentiating primary respiratory failure triggering TTS

from respiratory failure secondary to TTS is challenging. To
avoid different approaches between centres, a core member
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of the leading hospital collected the data from every hospital
that is included in this registry. All available information were
carefully reviewed, and we reach the final decision by a com-
prehensive approach. Second, as chronically increased sys-
temic inflammation may be related to developing TTS, it is
possible that corticosteroids use has an important role for
preventing TTS. However, in our registry, data on corticoste-
roids were only available in a minority of patients. Third, we
cannot determine whether the excess of 5 year mortality is
a direct consequence of acute pulmonary causes and not re-
lated to TTS. Fourth, respiratory function of patients with
acute pulmonary triggers or chronic lung disease during
follow-up was not reassessed.

Conclusions

Acute respiratory disorders have previously been recognized
as a possible triggering factor of TTS. However, the relation-
ship between acute pulmonary triggers and TTS had not been
evaluated until now. The present study demonstrates TTS is
related to acute pulmonary triggers in 7% of all TTS patients,
which accounts for 21% of patients with physical triggers.
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