Usefulness of Malignancy as a Predictor of Worse
In-Hospital Outcomes in Patients With Takotsubo
Cardiomyopathy

Sameer Desale, MSb, Umberto Campia, MD, MS®, and Ana Barac, MD, PhD?*

Check for
updates

Raja Zaghlol, MD™', Kartikeya-Kashyap, MBBS™', Ghassan Al-Shbool, MD*, Binaya Basyal, MBBS?,

Takotsubo cardiomyopathy (TC) is a form of dilated cardiomyopathy often associated
with physical or emotional stress. Association with cancer has been reported, however, in-
hospital outcomes in TC patients with history of malignancy have not been fully charac-
terized. We conducted a retrospective chart review of hospitalized patients with diagnosis
of TC between January 2006 and January 2017. Patients were divided into 2 groups based
on the previous history of malignancy. Presenting symptoms, cardiac imaging and short-
term events including in-hospital complications and mortality, were compared. Of 318
patients with TC, 81 (25.4%) had a previous diagnosis of cancer. Mean age was 67.5 (SD
12.6), 151 (47.5%) were African American, 122 (38.4% ) Caucasian, and 10 (3.1%) of other
ethnicities. Patients with history of malignancy were older (70.0 [SD 10.6] vs 66.6 [SD 13.1]
years, p = 0.03), had higher heart rate on presentation (93 [SD 19] vs 87 [SD 25] beats/min-
ute, p =0.03), higher prevalence of severely decreased cardiac function (left ventricular
ejection fraction <25%) (29.6% vs 16%, p = 0.01), longer hospitalization (7 (4—13) vs 4 (3-
8) days, p =0.001) and experienced more in-hospital cardiac arrests (6 [7.4%] vs 5 [2.1%],
p =0.035) compared with patients without malignancy history. Higher percentage of lon-
ger hospitalization and left ventricular ejection fraction <25% in the cancer group per-
sisted after controlling for sepsis, chemotherapy exposure, and metastatic disease. In
conclusion, in a racially diverse hospitalized population of TC, prevalence of cancer his-
tory is high, and diagnosis of previous malignancy is associated with adverse in-hospital

outcomes. © 2018 Elsevier Inc. All rights reserved. (Am J Cardiol 2019;123:995—-1001)

Stress-induced or takotsubo cardiomyopathy (TC) is a
syndrome characterized by transient impairment of left ven-
tricular (LV) function with characteristic wall motion
abnormalities (WMA) unexplained by coronary artery dis-
ease (CAD) on coronary angiography.'” The pathogenesis
of TC remains uncertain, but recent exposure to psychologi-
cal or physical stress can be elicited in most cases, suggest-
ing that catecholamine excess may play a mechanistic
role." Several studies have showed a higher prevalence of
malignancies in TC patients compared with the general
population.” ® Cancer patients are often under heavy physi-
cal and emotional stress from surgery, chemotherapy, fear,
and anxiety’ and it has been hypothesized that prolonged
exposure to stress hormones might contribute to their
increased risk of TC. In recent studies, history of malig-
nancy was reported to be an independent predictor of
adverse cardiovascular outcomes in predominantly Cauca-
sian population.” ® The effect of malignancy diagnosis on
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in-hospital TC outcomes and the association of African
American (AA) race have not been examined despite recent
literature suggesting possible racial and ethnic differen-
89 « . . . . . .

ces.”” Therefore, this investigation studied racially diverse,
inner city population of the United States to estimate preva-
lence of malignancy in patients admitted with TC, and the
effects of cancer diagnosis on in-hospital outcomes.

Methods

This was a single-center, retrospective study of consecu-
tive patients admitted to Medstar Washington Hospital
Center in Washington, DC from January 2006 to January
2017. Electronic medical records were queried for patients
over the age of 18 with a diagnosis of TC. International
Classification of Diseases, Ninth and Tenth Revision, Clini-
cal Modification (ICD-9-10-CM) codes for TC or stress-
induced cardiomyopathy were used for the search. Chart
reviews of the identified patients were conducted and those
who met the Modified Mayo Clinic Criteria of diagnosis'’
(Figure 1) were included. All patients underwent coronary
angiography for assessment of CAD. Obstructive CAD was
defined as the presence of a coronary epicardial vessel with
>50% stenosis.'' Patients with obstructive CAD were
included if WMA were not in the distribution of the CAD.
This is based on the observation that up to 15% of patients
in TC registries had concomitant CAD." All angiograms,
echocardiograms, and electrocardiograms (ECGs) were
read by board-certified cardiologists.
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Electronic Database Search for
ICD-9/10-CM Diagnosis Code 151-81
n=756

Modified Mayo Clinic Diagnostic
Criteria For Takotsubo
Cardiomyopathy:

n=247

Patients not meeting
> diagnostic criteria

Al four are required for the diagnosis:

1) Transient left ventricular systolic
dysfunction (hypokinesis, dyskinesis,

akinesis)

Patients with insufficient data
»|  to meet diagnostic criteria

2) Absence of obstructive epicardial
coronary artery disease or angiographic
evidence of plaque rupture in the

n=191
A\ 4
Patients included in the study
n=318

A A 4
Patients with Patients with
no history of history of
malignancy malignancy

n=237 n=81

Figure 1. Patient selection and diagnostic criteria

distribution of the wall motion
abnormality.

3) New electrocardiogram abnormalities
of ST-elevation and/or T-wave inversion
OR elevation in cardiac troponin

4) Absence of pheochromocytoma or
myocarditis

ICD-9/10-CM: International Classification of Disease, Ninth and Tenth Revision Clinical Modification Code.

Patients were divided in 2 groups based on the presence
of history of malignancy before and/or during the hospitali-
zation for TC. Malignancy was defined by the documented
solid or hematologic cancer or melanoma regardless of the
time of diagnosis and current activity. Nonmelanoma skin
cancers were excluded. Baseline characteristics, presenting
vital signs, symptoms, ECG changes, laboratory findings,
echocardiograms, coronary angiograms, and in-hospital
outcomes were collected. Patients with malignancy were
stratified based on the type of cancer, history of chemother-
apy or metastasis before the TC event. Chemotherapy use
was defined as any previous chemotherapy regimen regard-
less of the timing, duration or type. Metastatic disease was
defined as any documented evidence of metastases regard-
less of the timing or extent. Sepsis was defined as the pres-
ence of systemic inflammatory response syndrome'” along
with the presence of an infective source or the isolation of
infective organisms from body fluids. Standard 12-lead
ECGs were used to assess ST-segment and T-wave
changes. ST segment elevation and T-wave inversion were
defined by the published criteria.'” Baseline transthoracic
echocardiograms were used to assess the severity of LV
impairment and the distribution of WMA if they were
obtained within 2 days of the TC diagnosis. In patients with
unavailable baseline echocardiograms LV angiograms were
used for LV ejection fraction (LVEF) assessment. LV
impairment was categorized as mild (LVEF >40%), moder-
ate (LVEF 25%—39%), and severe (LVEF <25%) and
WMA distribution as apical, midventricular, basal and
combined in patients who had any combination of regional
WMA. Recovery of LV function was assessed by the first
repeated echocardiogram within 3 months of the TC event
and defined as improvement of LVEF to 55% or above.

Continuous variables are reported as means and standard
deviation or as medians and interquartile range (IQR)
depending on data normality. Categorical variables are
reported as frequencies and percentages. Comparisons were
conducted using ¢ test/analysis of variance for continuous
variables with normal distribution and Wilcoxon rank sum
test/Krusal Wallis test for continuous variables not nor-
mally distributed. Categorical variables were compared
using Chi-square test or Fisher’s exact, as appropriate.
Stratified analysis was conducted to explore effect of eth-
nicity within malignancy and nonmalignancy groups.
Regression analysis was used to study the interaction effect
between ethnicity and malignancy. Regression analysis was
performed on log transformed hospital length of stay and
on cube root transformed intensive unit care (ICU) length
of stay to reduce skew in the data. Logistic regression was
used for the categorical variables. SAS version 9.4 software
was used for data analysis, p value <0.05 (2-tailed) was
considered to be statistically significant. The Medstar
Health Research Institute’s Investigational Review Board
approved the study protocol.

Results

The study flow is shown in Figure 1 and the distribution
of patients based on cancer type, chemotherapy use and
presence of metastatic disease in Supplementary Figure 1.
No patient received chemotherapy during hospitalization
for the TC event. Baseline characteristics, past medical his-
tory and the initial ECG are shown in Table 1. Patients in
the malignancy group were older and had faster heart
rate on presentation than those in the nonmalignancy group.
No significant differences were observed in gender,
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Table 1
Anthropometric and clinical characteristics
Malignancy

Variable All patients No Yes p Value

(n=318) (n=237) (n=2381)
Age (years) 67.5 (12.6) 66.6 (13.1) 70.0 (10.6) 0.03
Women 280 (88%) 211 (89%) 69 (85%) 0.47
Men 38 (12%) 26 (11%) 12 (15%)
White 122 (38%) 89 (38%) 33 (41%) 0.08
Black 151 (48%) 108 (46%) 43 (53%)
Unknown 35 (11%) 30 (12%) 5 (6%)
Other 10 (3%) 10 (4%) 0 (0%)
Hypertension 249 (78%) 185 (78%) 64 (79%) 0.98
Diabetes mellitus 78 (25%) 56 (24%) 22 (27%) 0.63
Chronic obstructive pulmonary disease 57 (18%) 47 (20%) 10 (12%) 0.18
Atrial fibrillation 40 (13%) 27 (11%) 13 (16%) 0.37
Coronary artery disease* 44 (14%) 35 (15%) 9(11%) 0.52
Chronic kidney disease 26 (8%) 17 (7%) 9 (11%) 0.38
Smoking 136 (43%) 102 (43%) 34 (42%) 0.97
Alcoholism 25 (8%) 17 (7%) 8 (10%) 0.59
Chest pain 173 (54%) 136 (57%) 37 (46%) 0.09
Shortness of breath 139 (44%) 103 (44%) 36 (44%) 0.98
Syncope 22 (7%) 18 (8%) 4 (5%) 0.58
Cardiac arrest 14 (4%) 10 (4%) 4 (5%) 0.76
Gastrointestinal symptoms 39 (12%) 31 (13%) 8 (10%) 0.57
Systolic blood pressure (mm Hg) 124 (27) 124 (27) 123 (29) 0.69
Diastolic blood pressure (mm Hg) 73 (17) 73 (17) 72 (17) 0.55
Heart rate (beats/minute) 88 (21) 87 (19) 93 (25) 0.03
White Blood Cells (cells/ul) 11118 (5265) 10791 (5388) 12063 (4801) 0.06
Hemoglokin (gm/dl) 11.6 (2) 11.7 (2) 11.3(2) 0.07
Troponin-I (ng/ml) 7.2 (16.8) 7.3(17.4) 6.7 (15.2) 0.78
Creatine kinase-MB (ng/ml) 16.7 (33.7) 18.1 (37.7) 12.8 (16.6) 0.30
Creatinine (mg/dl) 1.2(1.2) 1.1(1.2) 1.3(1.1) 0.23
Electrocardiogram changes
ST segment elevation 101 (33%) 71 31%) 30 (38%) 0.3
T-wave inversion 187 (60%) 143 (62%) 44 (56%) 0.4
Home medications
Aspirin 141 (53%) 98 (50%) 43 (61%) 0.12
Angiotensin converting enzyme inhibitors/angiotensin receptor blockers 123 (46%) 90 (46%) 33 (47%) 0.94
Beta blockers 131 (49%) 92 (47%) 39 (56%) 0.25
Anticoagulants 38 (14%) 25 (13%) 13 (18%) 0.32

Data are expressed as number (percentage) or as mean (standard deviation).

* CAD defined as less than 50% reduction in the luminal diameter of a major epicardial artery.

ethnicity, medical or social history, cardiac medication
use, symptoms, blood pressure or laboratory values on
presentation.

Table 2 shows in-hospital outcomes. Patients in the
malignancy group suffered more cardiac arrests and had
longer hospitalizations compared with those in the nonma-
lignancy group. Other in-hospital complications/outcomes
were not significantly different between the groups. The
analysis of baseline cardiac imaging characteristics
(Table 3) showed higher prevalence of severe LV
impairment on presentation in patients with malignancy
compared with those without. Apical WMA was the most
common phenotype and there was no significant difference
in the WMA pattern between groups. A follow-up echocar-
diogram was documented within 3 months in 138 patients
(43.4% of the study sample). Average time to follow-up
echocardiogram was similar between groups with no signif-
icant difference in the percentage of recovery of LV func-
tion; however, there was an overall trend for reduced

recovery in patients with more severe LV impairment on
presentation (Table 3).

To exclude confounding effects of sepsis that patients
with malignancy may be more prone to, we conducted a
separate analysis after excluding patients with diagnosis of
sepsis during the incident TC hospitalization (n=25). In
the remaining cohort (n =293), there was no significant dif-
ference in the presenting heart rate and in-hospital cardiac
arrests (86 [SD 19] vs 90 [SD 25] beats/minute, p=0.17)
and (5 [2.2%] vs 3 [4.3%] arrests, p=0.40) between the
nonmalignancy and malignancy group, respectively. The
length of hospitalization remained significantly longer in
the malignancy group (8.8 [SD=12.0] vs 6.3 [SD=6.6]
days, p=0.01). The proportion of patients with severe LV
impairment on presentation also remained significantly
higher in the malignancy compared with the nonma-
lignancy group (31.4% vs 15.2%, p =0.003).

Subgroup analyses for patients with history of chemo-
therapy and/or metastatic disease was also conducted for
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Table 2
In-hospital outcomes
Malignancy
Variable All patients No Yes p Value
(n=318) (n=237) (n=81)
Cardiogenic Shock 67 21%) 49 (21%) 18(22%) 0.89
Noninvasive positive 52 (16%) 36 (15%) 16 (20%) 0.43
pressure ventilation
Mechanical ventilation 54 (17%) 39(17%) 15(19%) 0.8
Intra-aortic balloon 44 (14%) 33 (14%) 11(14%) 1
pump
Cardiac arrest 11 (4%) 52%) 6 (7%) 0.04
Death 13 (4%) 8 (3%) 5 (6%) 0.33
Length of intensive care
unit stay (days)
Median (IQR) 0(0-3) 0(0-2) 1(0—4) 0.06
Mean (SD) 2.2(4.9) 1.7(3.4) 3.3(7.7)
Length of hospitalization
(days)
Median (IQR) 5(3-9) 4 (3-8) 7(4—13) 0.001

Mean (SD) 7.8(9.4) 6.8(74) 10.6(13.5)

IQR =interquartile range; SD = standard deviation. Data are expressed
as number (percentage) or as mean (standard deviation)/median (interquar-
tile range).

parameters that showed statistical significance. No statisti-
cally significant differences were observed except for
patients with metastatic disease having a faster heart rate
on presentation (Supplementary Tables 1,2,3). We con-
ducted analysis to compare AA to non-African Americans
(non-AA) in the whole TC sample and sample stratified by
malignancy versus nonmalignancy. We further tested
effects of ethnicity between malignancy groups through
regression models with ethnicity, malignancy, and

interaction between the two as covariates. In the whole TC
sample, AA were more likely to suffer in-hospital cardiac
arrests compared with non-AA patients (10 [6.62%] vs
1 [0.76%] arrests, odds ratio 9.29 [confidence interval 1.17
to 73.5]), respectively. Asystole was identified as the cause
of death in 3 patients, pulseless electrical activity in 3, ven-
tricular tachycardia in 2, torsades de pointes in 1 and the
rhythm was not documented in 2 patients. In the malig-
nancy group, AA patients were more likely to have a car-
diac arrest (5 [11.6%] vs 1 [3.03%] arrests, odds ratio 4.21
[confidence interval 0.47 to 37.9]), respectively. In the non-
malignancy group 5 (4.63%) AA patients had a cardiac
arrest whereas there were no cardiac arrests in the non-AA
patients, thus a calculation of interaction effect was not sta-
tistically feasible. In the whole TC sample, AA patients had
longer hospitalizations compared with non-AA patients (6
[IQR 3 to 10] vs 5 [IQR 3 to 8] days, p =0.02, respectively).
The interaction effect between ethnicity and malignancy for
length of hospitalization was not statistically significant
(p=0.62). There was no significant difference in the length
of ICU stay between AA and non-AA across the whole TC
sample. Although, AA patients with malignancy had signif-
icantly longer ICU stays compared with non-AA patients (2
[IQR 0 to 5] vs 0 [IQR O to 3 days, p=0.03) the interaction
effect of ethnicity and malignancy for length of ICU stay
was not statistically significant (p =0.06). Presenting heart
rate and degree of LV impairment were not different in the
whole group between AA and non-AA with no significant
interaction effect with malignancy.

Discussion

Our results show that, in racially diverse population hos-
pitalized with TC, history of cancer is associated with

Table 3
Imaging findings
Malignancy

Variable All patients No Yes p Value

(n=318) (n=237) (n=81)
Left ventricular dysfunction on presentation
Mild (ejection fraction >40%) 60 (19%) 51 (22%) 9(11%) 0.01
Moderate (ejection fraction 25% —39%) 196 (62%) 148 (62%) 48 (59%)
Severe (ejection fraction <25%) 62 (19%) 38 (16%) 24 (30%)
Left ventricular dysfunction at follow-up
Mild (ejection fraction >40%) 20 (77%) 16 (76%) 4 (80%) 1
Moderate (ejection fraction 25% —39%) 42 (51%) 33 (54%) 9 (43%) 0.52
Severe (ejection fraction <25%) 10 (33%) 8 (38%) 2 (22%) 0.67
All degrees 72 (52%) 57 (55%) 15 (43%) 0.28
Time to follow-up echocardiogram (days) for categories

of left ventricular dysfunction on presentation

Mild (ejection fraction >40%) 5.6 (9.8) 4.3 (9.5) 11.2(10.4) 0.16
Moderate (ejection fraction 25%—39%) 12 (17.7) 12.4 (19.3) 10.7 (12.2) 0.70
Severe (ejection fraction <25%) 5.4 (6.0) 5.3 (6.6) 5.7 (4.6) 0.88
All degrees 9.3 (14.9) 9.3 (16.1) 9.5 (10.5) 0.96
Ventricular wall motion abnormality
Apical 251 (79%) 183 (77%) 68 (84%) 0.65
Mid-ventricular 12 (4%) 10 (4%) 2 (3%)
Basal 9 (3%) 8 (4%) 1 (1%)
Combined 46 (14%) 36 (15%) 10 (12%)

Data are expressed as number (percentage) or as mean (standard deviation).
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worse in-hospital outcomes. Patients with history of malig-
nancy had higher rates of in-hospital cardiac arrests, longer
hospitalization, and lower mean LVEF on presentation.
The observed association remained significant after control-
ling for sepsis, a potential confounder in this population. To
our knowledge, this is the largest study investigating the
relation between malignancy and TC that uses chart-review
for data collection and adjudication. It is also the first to
include a significant proportion of AA, and to control for
sepsis as a potential confounder that can cause both TC'*
and nonspecific septic cardiomyopathy.'”

We observed higher rate of cardiac arrests in the TC
patients with cancers compared with previous reports.”®
High proportion of AA, in whom higher risk of complica-
tions has been reported compared with Caucasians,” may
have accounted for the difference. Indeed, in our study AA
had significantly more cardiac arrests in the whole cohort,
as well as in both the malignancy and nonmalignancy
groups compared with non-AA patients. We used the Mayo
Clinic crlteria rather than Madias’ criteria'® used by Girar-
dey et al* that may have led to the inclusion of more
severely ill patients, particularly patients with severely
reduced LVEF (<25%) which accounted for 19.5% of our
population. This might have increased the risk of life-
threatening arrhythmias as reported in a previous study in
which low LVEF on presentation was a predictor of more
in-hospital complications in TC patients.' Our findings of
longer hospitalization in TC with cancer are consistent with
those of recent ICD-9 based analyses.'” We also showed
longer length of hospitalizations in AA compared with non-
AA patients with TC. Other studies did not identify differ-
ences in length of hospitalization,s‘(’ however, smaller
cohorts and lack of racial diversity may account for the
observed findings. In agreement with the data by Sattler et
al® but not with those by Girardey et al and Moller et al*’
we found lower LVEF in patient with TC and cancer com-
pared with those without. This may be due to difference in
the patient populations included in the analyses as well as
methodological aspects. For instance, we included LVEF
measured by angiography if an echocardiogram was not
available within the first 2 days to get an estimate of the
true LVEF on presentation whereas other studies only
recorded LVEF by echocardiogram, which may have been
delayed. Finally, in our study, the prevalence of cancer in
TC patients (25.5%) greatly exceeds that of the United
States general population'® and is consistent with observa-
tions in previous studies,” ®'” confirming the association
of TC and cancer also in a racially diverse population with
AA predominance.

Several theories linking cancer and TC pathogenesis
might help explain the observed worse outcomes in the
malignancy group. A recent study in rat in-vivo model iden-
tified a switch in myocardial -2 adrenergic G-protein sig-
naling, from Gs (stimulatory) to Gi (inhibitory) in response
to high doses of epinephrine, as a potential mechanism of
the paradoxical negative 1n0tr0plc effect of high levels of
circulating epinephrine.”’ This functional response was
greater in the apical as compared with basal myocytes sug-
gesting that apical hypokinesis characteristic of TC may be
explained by higher apical sensitivity to epinephrine.”’ Cat-
echolamines play a role in the pathogenesis of several

cancers”' and hypersensitivity of catecholamine receptor
has been reported in cancer patients.” In addition to epi-
nephrine sensitivity hypothesis, inflammatory response was
proposed to have a role in the pathogenesis of TC through
increased expression of p38-activated protein kinase, char-
acteristic of inflammatory state, and resulting in increase in
B-adrenergic receptor signaling.””* Higher leukocyte
count and C-reactive protein levels were observed in TC
patients with malignancy as compared with those w1thout
suggesting a higher degree of inflammatory response.”
Finally, similarities in genetic polymorphism such as var-
iants in BAG3 (bcl2-associated athanogene 3) have been
reported in cancer and TC patients possibly suggesting
common genetic susceptibility.”* Of interest, in a recent
study BAGS3 variants were associated with worse heart fail-
ure outcomes in individuals with cardiomyopathy and high
prevalence of BAG3 variants were present in African
Americans but not individuals of European ancestry.”

Our analysis of the effect of ethnicity on TC outcomes
and its interaction with malignancy was exploratory and
hypothesis-generating as our study was underpowered for
this comparison. Nevertheless, we believe that the observed
findings point to the need to further investigation. In the
whole studied TC population, AA patients had more in-hos-
pital cardiac arrests compared with other ethnicities. This
was not previously reported and is consistent with previous
literature suggesting worse outcomes in TC patients of AA
descent” and a recent study showing more sudden cardiac
deaths in AA that was not explained by socioeconomic and
cardiovascular risk factors.”® Our finding of longer hospital-
ization in AA is consistent with a previous study by Dias et
al® further adding to the available literature suggesting
racial differences in TC.*” Interestingly, when comparing
AA versus non-AA patients within the malignancy group,
AA patients were found to suffer more in-hospital cardiac
arrests and have longer ICU stays. The later finding was not
observed when comparing AA vs non-AA across the whole
sample suggesting a possible influence of ethnicity on out-
come in this particular subset of TC patients. Our findings
of racial differences can be explained by several hypothe-
ses. A study by Kurnik et al found racial variations in
hemodynamic response to stressors where AA had exagger-
ated heart rate increment compared with Caucasians possi-
bly due to variation in genes regulating sympathetic
activity.”’ Increased plasma levels of endothelin-1>* and
reduced coronary flow reserve’’ were observed in acute
TC, suggesting a role for coronary microcirculation dys-
function in TC pathogenesis. Interestingly, in a study by
Kalinowski et al AA were found to have racial predisposi-
tion to endothehal dysfunction by enhanced nitric oxide
inactivation™ possibly explaining their observed worse out-
comes in TC.

Several limitations of our study should be acknowl-
edged. First, we analyzed data from a single center elec-
tronic health record and had incomplete data regarding the
time of cancer diagnosis relative to the presentation for TC,
as well as cancer stage and the type of cancer treatment.
Follow-up data were limited to the information available in
the hospital health record.

In conclusion, our analysis of a racially diverse popula-
tion hospitalized with a diagnosis of TC shows that
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history of cancer is associated with lower LVEF on pre-
sentation, longer hospitalization and higher rate of in-hos-
pital cardiac arrests. Future prospective study is needed to
investigate whether cancer diagnosis and/or treatment
contribute to the association with TC and its impact on
cardiovascular outcomes. In addition, further genetic and
mechanistic studies are needed to provide insight into
racial differences in TC patients, particularly those with
malignancies.

Supplementary materials

Supplementary material associated with this article can

be found, in the online version, at https://doi.org/10.1016/].
amjcard.2018.11.054.

10.

11.

. Templin C, Ghadri JR, Diekmann J, Napp LC, Bataiosu DR, Jagu-

szewski M, Cammann VL, Sarcon A, Geyer V, Neumann CA, Seifert
B, Hellermann J, Schwyzer M, Eisenhardt K, Jenewein J, Franke J,
Katus HA, Burgdorf C, Schunkert H, Moeller C, Thiele H, Bauersachs
J, Tschope C, Schultheiss HP, Laney CA, Rajan L, Michels G, Pfister
R, Ukena C, Bohm M, Erbel R, Cuneo A, Kuck KH, Jacobshagen C,
Hasenfuss G, Karakas M, Koenig W, Rottbauer W, Said SM, Braun-
Dullaeus RC, Cuculi F, Banning A, Fischer TA, Vasankari T, Airaksi-
nen KE, Fijalkowski M, Rynkiewicz A, Pawlak M, Opolski G, Dwora-
kowski R, MacCarthy P, Kaiser C, Osswald S, Galiuto L, Crea F,
Dichtl W, Franz WM, Empen K, Felix SB, Delmas C, Lairez O, Erne
P, Bax JJ, Ford I, Ruschitzka F, Prasad A, Luscher TF. Clinical fea-
tures and outcomes of Takotsubo (Stress) cardiomyopathy. New Engl
J Med 2015;373:929-938.

. Dec GW. Recognition of the apical ballooning syndrome in the United

States. Circulation 2005;111:388-390.

. Burgdorf C, Kurowski V, Bonnemeier H, Schunkert H, Radke PW.

Long-term prognosis of the transient left ventricular dysfunction syn-
drome (Tako-Tsubo cardiomyopathy): focus on malignancies. Eur J
Heart Fail 2008;10:1015-1019.

. Girardey M, Jesel L, Campia U, Messas N, Hess S, Imperiale A, Blon-

det C, Trinh A, Ohlmann P, Morel O. Impact of malignancies in the
early and late time course of Takotsubo cardiomyopathy. Circulation J
2016;80:2192-2198.

. Moller C, Stiermaier T, Graf T, Eitel C, Thiele H, Burgdorf C, Eitel 1.

Prevalence and long-term prognostic impact of malignancy in
patients with Takotsubo syndrome. Eur J Heart Fail 2018;20:816—
818.

. Sattler K, El-Battrawy I, Lang S, Zhou X, Schramm K, Tulumen E,

Kronbach F, Roger S, Behnes M, Kuschyk J, Borggrefe M, Akin I.
Prevalence of cancer in Takotsubo cardiomyopathy: short and long-
term outcome. Int J Cardiol 2017;238:159-165.

. Drott C, Svaninger G, Lundholm K. Increased urinary excretion of cor-

tisol and catecholami-NES in malnourished cancer patients. Ann Surg
1988:208:645-650.

. Dias A, Franco E, Koshkelashvili N, Pressman GS, Hebert K, Figuer-

edo VM. Racial and ethnic differences in Takotsubo cardiomyopathy
presentation and outcomes. /nt J Cardiol 2015;194:100-103.

. Franco E, Dias A, Koshkelashvili N, Pressman GS, Hebert K, Figuer-

edo VM. Distinctive electrocardiographic features in African Ameri-
cans diagnosed with Takotsubo cardiomyopathy. Ann Noninvasive
Electrocardiol 2016;21:486-492.

Prasad A, Lerman A, Rihal CS. Apical ballooning syndrome (Tako-
Tsubo or stress cardiomyopathy): a mimic of acute myocardial infarc-
tion. Am Heart J 2008;155:408-417.

Scanlon PJ, Faxon DP, Audet AM, Carabello B, Dehmer GJ, Eagle
KA, Legako RD, Leon DF, Murray JA, Nissen SE, Pepine CJ, Watson
RM, Ritchie JL, Gibbons RJ, Cheitlin MD, Gardner TJ, Garson A Jr.,
Russell RO Jr., Ryan TJ, Smith SC Jr. ACC/AHA guidelines for coro-
nary angiography: executive summary and recommendations. A report
of the American College of Cardiology/American Heart Association
Task Force on Practice Guidelines (Committee on Coronary Angiogra-
phy) developed in collaboration with the Society for Cardiac Angiog-
raphy and Interventions. Circulation 1999;99:2345-2357.

12.

13.

14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

217.

28.

The American Journal of Cardiology (www.ajconline.org)

Levy MM, Fink MP, Marshall JC, Abraham E, Angus D, Cook D,
Cohen J, Opal SM, Vincent JL, Ramsay G. 2001 SCCM/ESICM/
ACCP/ATS/SIS International Sepsis Definitions Conference. Critical
Care Med 2003;31:1250-1256.

Thygesen K, Alpert JS, Jaffe AS, Simoons ML, Chaitman BR, White
HD, Katus HA, Lindahl B, Morrow DA, Clemmensen PM, Johanson
P, Hod H, Underwood R, Bax JJ, Bonow RO, Pinto F, Gibbons RJ,
Fox KA, Atar D, Newby LK, Galvani M, Hamm CW, Uretsky BF,
Steg PG, Wijns W, Bassand JP, Menasche P, Ravkilde J, Ohman EM,
Antman EM, Wallentin LC, Armstrong PW, Simoons ML, Januzzi JL,
Nieminen MS, Gheorghiade M, Filippatos G, Luepker RV, Fortmann
SP, Rosamond WD, Levy D, Wood D, Smith SC, Hu D, Lopez-Sendon
JL, Robertson RM, Weaver D, Tendera M, Bove AA, Parkhomenko
AN, Vasilieva EJ, Mendis S. Third universal definition of myocardial
infarction. Circulation 2012;126:2020-2035.

Brinjikji W, El-Sayed AM, Salka S. In-hospital mortality among
patients with takotsubo cardiomyopathy: a study of the National Inpa-
tient Sample 2008 to 2009. Am Heart J 2012;164:215-221.

Beesley SJ, Weber G, Sarge T, Nikravan S, Grissom CK, Lanspa MJ,
Shahul S, Brown SM. Septic cardiomyopathy. Critical Care Med
2018;46:625-634.

Madias JE. Why the current diagnostic criteria of Takotsubo syndrome
are outmoded: a proposal for new criteria. Int J Cardiol 2014;174:
468-470.

Joy PS, Guddati AK, Shapira I. Outcomes of Takotsubo cardiomyopa-
thy in hospitalized cancer patients. J Cancer Res Clin Oncol
2018;144:1539-1545.

Group USCSW. United States Cancer Statistics: 1999—2014 Inci-
dence and Mortality Web-based Report. Atlanta: U.S.: Department of
Health and Human Services, Centers for Disease Control and Preven-
tion and National Cancer Institute; 2017.

. El-Sayed AM, Brinjikji W, Salka S. Demographic and co-morbid pre-

dictors of stress (takotsubo) cardiomyopathy. Am J Cardiol 2012;110:
1368-1372.

Paur H, Wright PT, Sikkel MB, Tranter MH, Mansfield C, O’Gara P,
Stuckey DJ, Nikolaev VO, Diakonov I, Pannell L, Gong H, Sun H,
Peters NS, Petrou M, Zheng Z, Gorelik J, Lyon AR, Harding SE. High
levels of circulating epinephrine trigger apical cardiodepression in a
B2-adrenergic receptor/Gi-dependent manner: a new model of Takot-
subo cardiomyopathy. Circulation 2012;126:697-706.

Partecke LI, Speerforck S, Kading A, Seubert F, Kiihn S, Lorenz E,
Schwandke S, Sendler M, Keler W, Trung DN, Oswald S, Weiss FU,
Mayerle J, Henkel C, Menges P, Beyer K, Lerch MM, Heidecke C-D,
von Bernstorff W. Chronic stress increases experimental pancreatic
cancer growth, reduces survival and can be antagonised by beta-adren-
ergic receptor blockade. Pancreatology 2016;16:423-433.

Arabacilar P, Marber M. The case for inhibiting p38 mitogen-activated
protein kinase in heart failure. Frontiers Pharmacol 2015;6:102.

Land S, Niederer SA, Louch WE, Roe AT, Aronsen JM, Stuckey DJ,
Sikkel MB, Tranter MH, Lyon AR, Harding SE, Smith NP. Computa-
tional modeling of Takotsubo cardiomyopathy: effect of spatially
varying beta-adrenergic stimulation in the rat left ventricle. Am J Phys-
iol Heart Circ Physiol 2014;307:H1487-H1496.

Citro R, d’Avenia M, De Marco M, Giudice R, Mirra M, Ravera A,
Silverio A, Farina R, Silvestri F, Gravina P, Villa F, Puca AA, De
Windt L, De Laurenzi V, Bossone E, Turco MC, Piscione F. Polymor-
phisms of the antiapoptotic protein bag3 may play a role in the patho-
genesis of Tako-tsubo cardiomyopathy. Int J Cardiol 2013;168:1663—
1665.

Myers VD, Gerhard GS, McNamara DM, et al. Association of variants
in bag3 with cardiomyopathy outcomes in African American individu-
als. JAMA Cardiology 2018;3:929-938.

Deo R, Safford MM, Khodneva YA, Jannat-Khah DP, Brown TM,
Judd SE, McClellan WM, Rhodes JD, Shlipak MG, Soliman EZ,
Albert CM. Differences in risk of sudden cardiac death between blacks
and whites. J Am Coll Cardiol 2018;72:2431-2439.

Kurnik D, Friedman EA, Muszkat M, Sofowora GG, Xie H-G, Dupont
WD, Wood AJJ, Stein CM. Genetic variants in the alpha2C-adreno-
ceptor and G-protein contribute to ethnic differences in cardiovascular
stress responses. Pharmacogenet Genomics 2008;18:743-750.
Jaguszewski M, Osipova J, Ghadri JR, Napp LC, Widera C, Franke J,
Fijalkowski M, Nowak R, Fijalkowska M, Volkmann I, Katus HA,
Wollert KC, Bauersachs J, Erne P, Luscher TF, Thum T, Templin C.
A signature of circulating microRNAs differentiates takotsubo


https://doi.org/10.1016/j.amjcard.2018.11.054
https://doi.org/10.1016/j.amjcard.2018.11.054
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0001
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0001
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0001
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0001
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0001
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0001
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0001
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0001
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0001
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0001
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0001
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0001
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0001
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0001
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0002
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0002
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0003
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0003
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0003
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0003
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0004
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0004
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0004
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0004
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0005
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0005
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0005
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0005
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0005
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0006
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0006
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0006
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0006
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0007
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0007
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0007
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0008
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0008
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0008
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0009
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0009
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0009
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0009
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0010
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0010
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0010
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0011
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0011
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0011
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0011
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0011
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0011
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0011
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0011
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0011
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0012
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0012
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0012
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0012
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0013
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0013
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0013
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0013
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0013
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0013
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0013
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0013
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0013
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0013
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0013
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0014
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0014
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0014
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0015
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0015
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0015
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0016
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0016
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0016
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0017
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0017
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0017
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0018
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0018
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0018
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0018
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0019
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0019
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0019
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0020
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0020
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0020
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0020
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0020
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0020
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0021
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0021
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0021
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0021
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0021
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0021
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0021
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0021
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0021
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0022
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0022
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0023
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0023
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0023
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0023
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0023
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0024
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0024
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0024
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0024
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0024
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0024
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0025
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0025
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0025
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0026
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0026
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0026
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0026
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0027
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0027
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0027
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0027
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0028
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0028
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0028
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0028
www.ajconline.org

Miscellaneous/Malignancy and Takotsubo Cardiomyopathy 1001

cardiomyopathy from acute myocardial infarction. Eur Heart J serial Doppler transthoracic echocardiography. J Am Soc Echocar-
2014;35:999-1006. diogr 2008;21:72-77.

29. Meimoun P, Malaquin D, Sayah S, Benali T, Luycx-Bore A, Levy F, 30. Kalinowski L, Dobrucki IT, Malinski T. Race-specific differences in
Zemir H, Tribouilloy C. The coronary flow reserve is transiently endothelial function: predisposition of African Americans to vascular

impaired in tako-tsubo cardiomyopathy: a prospective study using diseases. Circulation 2004;109:2511-2517.


http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0028
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0028
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0029
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0029
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0029
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0029
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0029
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0030
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0030
http://refhub.elsevier.com/S0002-9149(18)32191-X/sbref0030

	Usefulness of Malignancy as a Predictor of WorseIn-Hospital Outcomes in Patients With Takotsubo Cardiomyopathy
	Methods
	Results
	Discussion
	Supplementary materials


