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Abstract

Takotsubo cardiomyopathy (TC) is associated with significant short-term morbidity and mortality. Several risk factors for
poor outcomes have been identified; however, the prognostic implications of pre-existing comorbidity in TC are poorly
delineated. We sought to assess the association of aggregate pre-existing comorbidity with short-term outcomes in TC. We
performed a retrospective observational study of adult subjects diagnosed with TC at two academic tertiary care hospitals
between 2005 and 2018. Overall burden of medical comorbidity was estimated using the Charlson comorbidity index (CCI).
Multivariable logistic regression was used to test for independent association of CCI with 30-day mortality and severe shock
at index presentation. Multivariable poisson regression was performed to assess the association of CCI with duration of
hospitalization. Five-hundred and thirty-eight subjects were diagnosed with TC during the study period. The median CCI
score of all subjects was 2 (IQR 1-4). Among subjects with physical triggers of TC, the median CCI score was 2 (IQR 1-4)
compared to a median CCI score of 1 (IQR 0-1) in subjects with non-physical triggers of TC (P <0.001). Seventy-six (14%)
subjects died within 30 days of index diagnosis and 185 (34%) subjects experienced severe shock. The median duration of
hospitalization was 7 days (IQR 3-14 days). In multivariable logistic regression, CCI was not associated with 30-day mor-
tality or severe shock. In multivariable Poisson regression, CCI (IRR 1.17,95% CI 1.16-1.18, P<0.001) was associated
with duration of hospitalization. Increased burden of pre-existing medical comorbidity was not independently associated
with 30-day mortality or severe shock at index presentation, but was associated with increased duration of hospitalization
after diagnosis of TC.
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Introduction apical ballooning syndrome, was first described in the medi-
cal literature in in 1990 [1]. TC is commonly recognized
Takotsubo cardiomyopathy (TC), also known as  as transient left ventricular dysfunction that may mimic

stress(induced) cardiomyopathy, broken heart syndrome, and ~ acute coronary syndrome (ACS), but without angiographic
evidence of obstructive coronary artery disease (CAD). [2]

Additional features of the disorder include onset often fol-

Arash Nayeri and Alexander Yuen are co-first authors. lowing an acute emotional or physical stressor, predomi-
nance of presentation in women, and high rates of psychiat-
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and all-cause mortality are estimated at 10% and 6% per
patient year, respectively [3].

In recent years, a number of demographic and clinical
features have shown prognostic significance in TC. For
example, increased age, physical stressor as trigger of TC,
reduced left ventricular ejection fraction (LVEF) at diagno-
sis, typical TC pattern of wall motion abnormality (WMA),
and serum troponin level have been consistently identified
as predictors of short-term morbidity and mortality [3, 5-8].
The impact of pre-existing medical comorbidity on short-
term outcomes in TC is less clear. Here we sought to assess
the association of an aggregate measure of pre-existing
comorbidity with short-term outcomes in patients with TC.

Methods
Population and study design

After obtaining IRB approval, we performed a retrospec-
tive observational study of adult subjects diagnosed with
TC at two academic tertiary care hospitals between 2005
and 2018. TC was defined using the Mayo Clinic Criteria:
transient abnormality in left ventricle wall motion beyond
the perfusion territory of a single epicardial coronary artery,
absence of obstructive CAD or angiographic evidence of
acute plaque rupture, presence of new electrocardiographic
(ECGQG) abnormalities or elevation in cardiac biomarkers, and
the absence of pheochromocytoma or myocarditis [2].

Demographic and clinical data were collected by manual
review of the electronic health record (EHR). Pre-existing
psychiatric illness was defined as any pre-existing mood,
anxiety, or schizophrenia spectrum disorder at the time of
TC diagnosis and verified per DSM-IV criteria. The DSM-
IV criteria were chosen given that a large portion of the TC
cases were diagnosed prior to the DSM-V update in order to
ensure consistency throughout the study. The clinical con-
text behind each case of TC was reviewed to differentiate
between physical stressors (including critical acute medi-
cal illness, acute neurological insult, recent major surgery,
etc.) and emotional stressors as likely trigger of TC. Peak
serum levels of troponin I and B-type natriuretic peptide
were recorded for each patient and are reported in ng/mL and
pg/mL, respectively. The initial diagnostic echocardiogram
for each case, performed within 24 h of suspicion of ACS
or TC, was reviewed to assess the LVEF and the pattern of
WMA. Typical WMA was defined as the apical ballooning
variant of TC, while atypical WMA was defined as the mid-
ventricular or basal variants of TC [3].

The overall burden of medical comorbidity was estimated
using the Charlson comorbidity index (CCI). The CCI is
a summed score comprising severity-weighted points for a
select number of medical disorders, Appendix A [9]. The
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CCI has been validated as a short-term and long-term prog-
nostic indicator in several disease states, including ACS and
heart failure [10, 11]. To facilitate the interpretation of our
findings, we also sought to use the CCI score to present a
categorical measure of low versus high pre-existing comor-
bidity. A variety of arbitrary cutoffs in CCI scores have been
proposed and used to categorize burden of pre-existing ill-
ness in prior reports [12, 13]. In this study, we defined low
comorbidity as a CCI score at or below the median of the
study cohort. Similarly, a subject with a CCI above the
cohort median was deemed to have high comorbidity.

The primary outcome of this study was 30-day mortal-
ity after TC diagnosis. Mortality was assessed by review of
the EHR and Social Security Death Index (SSDI). Severe
shock at index diagnosis, defined as need for pressor use or
mechanical circulatory support, and duration of index hos-
pitalization were assessed as secondary outcomes.

Statistical analysis

Statistical analysis was performed using Stata statistical soft-
ware: release 16 (College Station, TX, USA) [14]. Descrip-
tive statistics are expressed as median with interquartile
ranges (IQR) for continuous variables and frequencies (per-
centages) for categorical variables. Univariate analyses were
performed using the Wilcoxon rank sum test for differences
in CCI based on the type of stressor triggering TC. Multi-
variable logistic regression was used to test for independent
association of CCI with 30-day mortality and severe shock
while adjusting for covariates previously associated with
short-term morbidity and mortality in TC: age, physical
stressor as trigger of TC, LVEF, atypical WMA, and peak
serum troponin I level [3, 5-8]. Results are expressed as
odds ratios (OR) with 95% confidence intervals (CI). Simi-
larly, multivariable Poisson regression was performed to
assess the association of CCI with duration of hospitaliza-
tion while controlling for the same covariates. The incidence
rate ratio for each variable and 95% CI are shown. For all
multivariable models, separate analyses were performed
with either the CCI score or categorical measure of pre-
existing comorbidity (high versus low comorbidity) included
alongside the other covariates. The estimated margins for
low versus high comorbidity in association with duration
of hospitalization are also shown. All tests were two-tailed
and a p value of less than or equal to 0.05 was considered
statistically significant.

Results

Five-hundred and thirty-eight subjects were diagnosed with
TC during the study period and included in the analysis.
Baseline demographic and clinical features are summarized
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Table 1 Baseline demographic
and clinical features

Characteristic N Overall Low comorbidity High comorbidity
Age (years) 538 66 (55-75) 65 (54-73) 69 (58-78)
Female (%) 538 405 (75%) 260 (81%) 145 (67%)
Race (% black) 537 42 (8%) 21 (7%) 21 (10%)
Active tobacco use (%) 531 96 (18%) 74 (23%) 22 (10%)
Active alcohol abuse (%) 531 29 (5%) 23 (7%) 6 (3%)
Pre-existing psychiatric illness (%) 535 186 (35%) 114 (36%) 72 (33%)
Hypertension (%) 535 302 (56%) 182 (57%) 120 (56%)
Hyperlipidemia (%) 535 181 (34%) 107 (34%) 74 (34%)
Diabetes mellitus (%) 536 97 (18%) 37 (12%) 60 (28%)
History of malignancy (%) 535 138 (26%) 29 (9%) 108 (50%)
Charlson Comorbidity index 534 2(14) 1(0-2) 4 (3-6)
Physical stressor as trigger of Takotsubo 538 364 (68%) 189 (59%) 175 (81%)
Cardiomyopathy (%)
Troponin I, peak (ng/mL) 485 2.4(0.7-6.2) 2.7 (0.8-6.2) 2.2 (0.6-6.2)
B-type natriuretic peptide, peak (pg/mL) 245 703 (192-1610) 554 (131-1130) 810 (257-2477)
Left ventricle ejection fraction (%) 538 33 (25-43) 37 (27-45) 33 (25-43)
Atypical wall motion abnormality (%) 538 71 (13%) 45 (14%) 26 (12%)

Data are presented as median (IQR) for continuous variables and number (percentage) of subjects for cat-
egorical variables. N represents the number of subjects with non-missing values

in Table 1. The median CCI score of all subjects was 2 (IQR
1-4). Three-hundred and twenty-one (60%) subjects had low
comorbidity with a median CCI score of 1 (IQR 0-2). Two-
hundred and seventeen (40%) subjects had high comorbidity
with a median CCI score of 4 (IQR 3-6).

Three-hundred and sixty-four (68%) subjects were
deemed to have had a physical stressor as trigger of TC.
Among these subjects, the median CCI score was 2 (IQR
1-4) compared to a median CCI score of 1 (IQR 0-1) in
subjects with non-physical triggers of TC (P <0.001), Fig. 1.

Seventy-six (14%) subjects died within 30 days of index
diagnosis. One-hundred and eighty-five (34%) subjects expe-
rienced severe shock, of which 21 (12%) required mechani-
cal circulatory support. Histograms showing the distribution
of CCI stratified by 30-day mortality and severe shock are
shown Fig. 2. The median duration of hospitalization was
7 days (IQR 3-14 days).

In multivariable logistic regression, CCI score was
not associated with 30-day mortality (OR 1.09, 95% CI
0.98-1.22, P 0.110) or severe shock (OR 1.08, 95% CI
0.99-1.18, P 0.083). Similarly, high comorbidity (defined
as CCI score > 2) was not associated with 30-day mortal-
ity (OR 1.57,95% CI 0.91-2.72, P 0.104) or severe shock
(OR 1.25,95% CI 0.86-1.48, P 0.150), Table 2. In multi-
variable Poisson regression, CCI scores (IRR 1.17, 95% CI
1.16-1.18, P <0.001) and high comorbidity (IRR 2.02, 95%
CI 1.92-2.13, P<0.001) were associated with duration of
hospitalization, Table 3. In margin analysis, low comorbid-
ity was associated with a mean hospitalization duration of
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Fig. 1 Charlson comorbidity index (CCI) distributions based on the
trigger of cardiomyopathy

5.1 days (95% CI 4.7-5.4 days) compared to a mean duration
of 12.3 days (95% CI 11.7-12.9 days) in subjects with high
comorbidity.
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Survival at 30 Days
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Fig.2 Charlson comorbidity index (CCI) distributions versus 30-day
mortality and severe shock
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Discussion

The primary finding of this study is that increased burden
of pre-existing medical comorbidity, as assessed by CCI,
was not independently associated with 30-day mortality or
severe shock at index presentation. Increased comorbidity
was independently associated with increased duration of
hospitalization.

As shown in Fig. 1 and detailed above, patients with
physical triggers of TC had on average higher CCI scores
than those with non-physical triggers of TC. As in prior
studies, we found that physical trigger of TC has the
strongest association with poor short-term outcomes,
including severe shock and mortality [3, 6]. Hence, while
we may conclude with some confidence that increased
comorbidity as assessed by CCI scores is indeed associ-
ated with physical trigger of TC which has known poor
prognostic value, when accounting for the mode of trig-
ger, CCI may not predict different risk of severe shock or
short-term mortality.

There is limited literature evaluating the prognostic
value of pre-existing comorbidity in TC. To date, three
prior studies have reported the association CCI scores with
short-term and long-term outcomes in TC. In a study of
TC with right ventricular involvement, Citro et al. reported
higher rates of cardiogenic shock and death in patients
with increased CCI scores [15]. In a study examining
the association of TC with CAD, Parodi et al. reported
increased long-term mortality in patients with elevated
CCI scores [16]. In a follow-up study with an expanded
cohort, Parodi et al. again reported the association of CCI
scores and long-term mortality [17]. Of note, none of these
studies controlled for the potential confounding effect of
stressor type triggering TC in the multivariable analysis.
Therefore, to the best of our knowledge, the current study
is the first of its kind to assess for the prognostic impor-
tance of pre-existing comorbidity in patients with TC,
while controlling for the mode of trigger. Here we found
that increased comorbidity was associated with higher
rates of physical triggers of TC, but not independently
associated with short-term mortality and severe shock.

Prognostication of short-term outcomes in TC is of sig-
nificant clinical importance. As previously mentioned, the
short-term morbidity and mortality in TC is not negligible
and comparable to ACS [3]. A substantial proportion of
TC cases are complicated by cardiogenic shock requir-
ing pharmacological and/or mechanical circulatory sup-
port. Increased burden of pre-existing comorbidity may
be expected to suggest poor prognoses and thus be used to
guide risk versus benefit discussions of aggressive inter-
ventions in the acute setting [18]. In this study of patients
with TC, however, increasing baseline comorbidity as
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Table2 Adjusted odds ratios for 30-day mortality and severe shock at index diagnosis

Characteristic 30-day mortality Severe shock

OR 95% CI P value OR 95% CI P value
Age (years) 1.00 0.98-1.02 0.637 0.99 0.98-1.01 0.465
Charlson comorbidity index 1.09 0.98-1.22 0.110 1.08 0.99-1.18 0.083
Physical stressor as trigger of Takotsubo Cardiomyopathy 3.93 1.71-9.05 <0.001 4.25 2.50-7.21 <0.001
Troponin I, peak (ng/mL) 1.00 0.99-1.01 0.891 1.00 0.99-1.01 0.982
Left ventricle ejection fraction (%) 0.95 0.93-0.98 <0.001 0.95 0.94-0.97 <0.001
Atypical wall motion abnormality 0.56 0.21-1.50 0.251 0.66 0.34-1.25 0.199
Age (years) 1.00 0.99-1.02 0.565 0.99 0.98-1.01 0.342
High comorbidity 1.57 0.91-2.72 0.104 1.25 0.86-1.48 0.150
Physical stressor as trigger of Takotsubo Cardiomyopathy 4.04 1.76-9.28 <0.001 4.21 2.49-7.13 <0.001
Troponin I, peak (ng/mL) 1.00 0.99-1.01 0.872 1.00 0.99-1.01 0.992
Left ventricle ejection fraction (%) 0.95 0.93-0.98 <0.001 0.95 0.93-0.97 <0.001
Atypical wall motion abnormality 0.52 0.19-1.40 0.196 0.66 0.35-1.26 0.208

CI: confidence interval, HR: hazard ratio, OR: odds ratio

Table 3 Multivariable Poisson regression of duration of hospitalization (measured in days) on Charlson Comorbidity Index and covariates

IRR 95% CI P value
Lower Upper
Age (years) 0.99 0.98 0.99 <0.001
Charlson comorbidity index 1.17 1.16 1.18 <0.001
Physical stressor as trigger of Takotsubo Cardiomyo-  2.51 2.32 2.71 <0.001
pathy
Troponin I, peak (ng/mL) 0.99 0.98 0.99 <0.001
Left ventricle ejection fraction (%) 0.99 0.98 0.99 <0.001
Atypical wall motion abnormality 1.17 1.09 1.26 <0.001
IRR 95% C1 P value
Lower Upper
Age (years) 0.99 0.98 0.99 <0.001
High comorbidity 2.02 1.92 2.13 <0.001
Physical stressor as trigger of Takotsubo Cardiomyo-  2.62 243 2.84 <0.001
pathy
Troponin I, peak (ng/mL) 0.99 0.98 0.99 <0.001
Left ventricle ejection fraction (%) 0.99 0.98 0.99 <0.001
Atypical wall motion abnormality 1.08 1.01 1.16 0.034

CI: confidence interval, IRR: incidence rate ratio

assessed by CCI scores was not independently associ-
ated with short-term mortality. Hence, our findings would
argue against any notion of not offering aggressive short-
term management strategies, including the use of phar-
macological pressor support and MCS as indicated, in TC
patients with increased baseline comorbidity.

While we did not associate comorbidity with short-term
mortality and severe shock, we were able to show that
increased CCI scores were associated with increased dura-
tion of hospitalization. Using a categorical distinction of

CCI, patients with high comorbidity (defined CCI scores
above the cohort median) were shown to have hospitali-
zation durations roughly 7 days longer than those with
low comorbidity. To our knowledge, no prior study has
identified an association with hospitalization duration in
TC and that this is the first study to identify increased
comorbidity and physical triggers of TC as predictors
of hospitalization duration. As CCI has been previously
linked to the duration of hospitalization in other disease
states, its association with lengthier hospitalization in TC

@ Springer
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is not unexpected [19]. Increasing burden of pre-existing
comorbidity has also been shown to predict increased
risk of rehospitalization [20]. Rehospitalization was not
formally evaluated in this study as an outcome measure
and there remains a paucity of data regarding pre-exist-
ing comorbidity and rehospitalization in TC. Given the
increased concern related to the relatively high frequency
and potential prognostic implications of rehospitalization
in TC, future studies should evaluate the association of
CCI with rehospitalization [21, 22].

Beyond this, there remain a number of other knowledge
gaps regarding prognosticators in TC. Larger-scale studies
may be able to simultaneously evaluate previously identi-
fied prognostic indicators in TC with the goal of identifying
the true drivers of morbidity and mortality and to poten-
tially derive a clinically applicable risk calculator. Here we
recommend careful statistical control for the trigger of TC,
i.e., physical vs non-physical triggers, as this has been the
most consistently associated with poor outcomes in TC and
shown to have the largest effect size [3, 6]. Whether to treat
the stressor type as a mediator of other potential drivers of
morbidity or mortality or not will likely largely determine
whether or not a number of demographic and clinical risk
factors, such as CCI scores, will have an independent asso-
ciation with the outcome measures.

This study should be interpreted in the context of its
limitations. The retrospective cohort design only allows
for identification of association and cannot infer causation.
Moreover, the size of our cohort limits statistical power to
detect associations. However, we believe that the size of this
cohort was sufficiently large to allow for the inclusion of the
previously identified predictors of mortality or shock in the
multivariable analyses. The limitations of our dataset did
not allow for identification of cause of death in all cases, and
therefore is not presented in this study. Finally, long-term
outcomes including mortality and recurrence of TC are not
evaluated in this study.

Conclusions

Increased burden of pre-existing medical comorbidity, as
assessed by CCI score, was not independently associated
with 30-day mortality or severe shock at index presenta-
tion. Patients with physical triggers of TC had on average
higher CCI scores than those with non-physical triggers of
TC; physical trigger of TC was associated with mortality and
severe shock in this study. Increased comorbidity was inde-
pendently associated with increased duration of hospitali-
zation. Larger-scale studies are needed to further delineate
prognostic indicators in TC and to derive clinically relevant
risk calculators in this disorder.

@ Springer
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Appendix A. Charlson comorbidity index:
comorbidity list and disease weights.

See Table 4.

Table4 Charlson comorbidity index: comorbidity list and disease
weights

Score Pre-existing comorbidity

1 Myocardial infarct
Congestive heart failure
Peripheral vascular disease
Cerebrovascular disease
Dementia
Chronic pulmonary disease
Connective tissue disease
Ulcer disease
Mild liver disease
Diabetes

2 Hemiplegia
Moderate or severe renal disease
Diabetes with end organ damage
Any tumor
Leukemia
Lymphoma

3 Moderate or severe liver disease
Metastatic solid tumor
AIDS
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