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Abstract

Background Cardiogenic shock complicates takotsubo syndrome (TTS) in approximately 10% of cases. The effectiveness
of mechanical circulatory support (MCS) for managing cardiogenic shock in TTS remains unknown.

Methods We assessed outcomes in TTS patients with cardiogenic shock who received MCS compared to medical therapy
only by using data from the International Takotsubo Registry. Two independent propensity scores were computed to investi-
gate outcomes of patients with an intra-aortic balloon pump (IABP) vs. medical therapy only (1:2 propensity score matched
cohort) and patients with an Impella vs. medical therapy only (1:1 propensity score matched cohort). The primary endpoint
was in-hospital mortality and the secondary outcomes included MCS-related complications.
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Results Among 3740 eligible patients, 309 (8.3%) patients
had cardiogenic shock, of whom 112 (36.2%) had MCS and
197 (63.8%) had medical therapy only. After propensity-
score matching, the use of an IABP was found to be associ-
ated with a lower in-hospital mortality rate than medical
therapy only (14.5% vs. 35.5%, P =0.002), while mortality
rates in the Impella group and medical therapy only group
were comparable (25.0% vs. 29.2%, P=0.75). MCS-related
complications occurred in 6.0% of the IABP cohort and in
31.3% of Impella cohort.

Conclusion Active MCS has been increasingly used for the
management of cardiogenic shock in patients with TTS. This
observational study could not demonstrate an association
with improved mortality with an Impella device, but pos-
sibly with an IABP when compared to patients with medi-
cal management only. MCS-related complications occurred
more frequently in the Impella cohort than in the IABP
cohort. Further data are required to confirm results of the
present study.
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Abbreviations

ECMO Extracorporeal membrane
oxygenation

GUSTO Global Use of Strategies to Open
Occluded Coronary Arteries

IABP Intra-aortic ballon pump

InterTAK Registry International Takotsubo Registry

IQR Interquartile range

LVEDP Left-ventricular end-diastolic
pressure

LVOTO Left-ventricular outflow tract
obstruction

MCS Mechanical circulatory support

OHCA Out-of-hospital cardiac arrest

RETAKO Registry on Takotsubo syndrome

SD Standard deviation

SMD Standardized mean difference
TTS Takotsubo syndrome
Introduction

Takotsubo syndrome (TTS) is an increasingly recognized
acute heart failure syndrome characterized by myocardial
stunning involving the left ventricle [1]. The incidence rates
of severe complications in TTS are comparable to rates
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observed in acute myocardial infarction [2]. In particular,
cardiogenic shock represents a major determinant of acute-
phase mortality and occurs in approximately 10% of cases
[3]. Poor outcomes in patients with TTS and cardiogenic
shock have been reported, with a mortality rate of ranging
from 15-30% [3-5]. Mechanical circulatory support (MCS)
including intra-aortic balloon pump (IABP), microaxial flow
pump (Impella), and extracorporeal membrane oxygenation
(ECMO) represents a therapeutic alternative. It may provide
greater hemodynamic support than inotropic/vasopressor
therapy alone. Current evidence on MCS application in TTS
complicated by cardiogenic shock is limited to case reports
and small case series without control group suggesting that
the use of MCS as a bridge-to-recovery might be associated
with improved survival [6—13]. The aim of the present study
was to generate first insights into the outcomes and safety of
IABP and an Impella device compared to medical therapy
alone in TTS patients with cardiogenic shock.

Methods
Study design

The International Takotsubo Registry (InterTAK Registry)
is an international retrospective and prospective registry
including patients with TTS from 56 participating sites in
16 countries [14]. Patients are eligible for inclusion in the
registry if the International Takotsubo Diagnostic Criteria
(InterTAK Diagnostic Criteria) are met [15]. In the Inter-
TAK Registry, data on demographics, medical history, ECG
findings, laboratory values, acute cardiac care measures,
and in-hospital complications are captured by central chart
review by core team members. Follow-up data are obtained
from standardized telephone interviews, chart reviews, or
outpatient Vvisits.

The respective local ethics committees or investigational
review boards reviewed the study protocol at each collabora-
tion site. Due to the partly retrospective nature of the study,
ethics committees of most study centers waived the need for
informed consent. At centers where the ethics committees or
investigational review boards required informed consent or
where patients were included prospectively, formal written
consent was obtained from patients or surrogates.

Study population

For the present study, patients from the InterTAK Registry
with TTS complicated by cardiogenic shock were selected.
The diagnosis of cardiogenic shock was made by clinical
assessment at each collaborating site. Furthermore, shock
management strategies were registered. These included
medical only, the use of MCS including microaxial left
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ventricular assist devices (an Impella), [ABP, or ECMO, or
the use of multiple MCS devices. The shock management
strategy was decided at the discretion of the treating physi-
cians at the participating sites. Patients in whom cardiogenic
shock was managed without MCS were classified as hav-
ing received medical therapy only. Patients who received
MCS were classified based on the hemodynamic support
in TABP, Impella, or EMCO group. The ECMO group
includes patients with ECMO support only or in combina-
tion with other MCS devices such as IABP IABP+ECMO)
or Impella (ECMELLA).

Outcomes

The primary outcome was in-hospital mortality. As secondary
outcome, device-related complications (limb ischemia, com-
partment syndrome, retroperitoneal hematoma, arterial throm-
bosis, aneurysm, minor and major bleeding) were considered
as safety endpoints in patients who received MCS. Bleeding
events were classified according to Global Use of Strategies
To Open Coronary arteries (GUSTO) criteria [16].

Statistical analyses

Continuous variables are expressed as mean + standard devi-
ation (SD) or median with interquartile range (IQR) and
were tested for differences by using the Student’s #-test or
Mann Whitney U-test, respectively. Categorical variables are
summarized as frequencies and percentages and were ana-
lyzed using Pearson’s chi-square test or Fisher’s exact test.
Multiple group comparisons were conducted with a one-way
analysis of variance or the Kruskal-Wallis test.

To assess the association between in-hospital mortality,
two independent propensity scores were computed for the
use of an JABP or an Impella device. Patients with an IABP
were 1:2 matched to patients with medical therapy only and
patients with an Impella device were 1:1 matched to patients
with medical therapy only. Propensity score matching was
performed using a 1:2 ratio for the IABP group and a 1:1
ratio for the Impella group to optimize matching quality and
adjust for differences in sample size. The following variables
were used for the computation of the propensity scores: age,
sex, apical type, InterTAK Classification, [2] physical trig-
ger, left ventricular ejection fraction, and out-of-hospital car-
diac arrest (OHCA). These parameters were selected as they
may represent potential confounding factors or variables that
have been associated with adverse outcomes. OHCA was
also included in the propensity score as the most common
cause of death after OHCA is irreversible hypoxic brain
damage, which is unlikely to be influenced by MCS [17].

Covariate balance before and after propensity score
matching was evaluated using standardized mean differences
(SMD) and is shown in Love Plots. A sufficient balance after

matching was indicated by an SMD threshold of less than
0.1 for all covariates.

A two-sided P-value <0.05 was considered statistically
significant. SPSS version 29.0 (IBM Corp., Armonk, NY,
USA) and R Version 4.1 (R Foundation for Statistical Com-
puting, Vienna, Austria) were used for statistical analyses,
and Prism 8 (GraphPad, La Jolla, CA, USA) for figure
design.

Results
Study cohort

Of a total of 3740 patients enrolled in the InterTAK
Registry, 309 (8.3%) patients with cardiogenic shock
were included in the study (Fig. 1). The mean age of the
unmatched cohort was 64.6 + 14.3 years and 69.8% were
female. The mean left ventricular ejection fraction was
29.4+11.6%, and the mean left ventricular end-dias-
tolic pressure was 25.1 +8.9 mmHg. The percentages of
patients who required mechanical ventilation and received
inotropic/vasopressor support with or without MCS were
71.8% and 75.6%, respectively. The in-hospital mortality
rate was 25.6%. Characteristics of the unmatched cohort
are detailed in Table 1.

Use of mechanical circulatory support

Of the 309 patients with cardiogenic shock, MCS was
used in 112 (36.2%) patients while 197 (63.8%) patients
received medical therapy only (Table 1, Fig. 1). Among
patients who received MCS, 69 (61.6%) had an IABP, 24
(21.4%) had an Impella device (N =3 with Impella 2.5,
N =10 with Impella CP, and in 11 the type of Impella
was unknown), and 11 (9.8%) had ECMO. Five patients
received ECMO in addition to Impella (ECMELLA) and
three patients received IABP + ECMO. Over the study
period, the utilization of IABP declined after 2010, while
active MCS was more frequently used during the last
6 years of enrollment (Fig. 2). Median MCS times were
1.5 days in the IABP group and 2.0 days in the Impella
group (Table 1).

Outcome analysis

After propensity score matching, 69 patients with an TABP
were compared to 138 patients with medical therapy only
and 24 patients with an Impella device were compared to 24
patients with medical therapy only (Table 2). Median support
time was 1.5 (IQR, 1.00-3.25) days in the IABP group and 2.0
(IQR, 1.00-2.00) days in the Impella group. In the matched
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cohort, the use of TABP was found to be associated with a lower
in-hospital mortality rate than medical therapy only (14.5% vs.
35.5%, P=0.002), while in-hospital mortality in the Impella
group and medical therapy group were comparable (25.0% vs.
29.2%, P=0.75). Covariate balance before and after the pro-
pensity score matching is shown in Supplementary Fig. 1.

MCS-related complications

Among the 119 patients who received MCS, data on device-
related complications were available for 82 patients. A total
of 14 (17.1%) patients had MCS-related complications.
MCS-related complications were more frequently observed
in patients with the Impella or other MCS devices and were
the lowest in patients with IABP (31.3% vs. 37.5% vs. 6.0%,
P=0.003). Limb ischemia was the most frequent complica-
tion and occurred in 6.0% of patients with IABP, 31.3% of
patients with an Impella device, and in 37.5% of those who
underwent ECMO only or received a combination of such
devices. Major bleeding complications were observed in 1
patient who had hemorrhagic shock after ECMO removal
(Table 3).

Discussion
In this international registry study, we assessed the outcomes

of patients with TTS and cardiogenic shock who were treated
with MCS compared to those who received medical therapy

alone. MCS devices were used in one-third of cases, with
most cases involving the use of IABP or an Impella device.
Compared to with medical therapy only, usage of an Impella
device was not significantly associated with improved sur-
vival, while an IABP was associated with lower mortality
when compared to propensity score-matched controls with
medical therapy only. The use of MCS was associated with
device-related complications in many patients, with the
highest rates associated with large-diameter devices.

In the current study, the incidence of cardiogenic shock
was nearly 9%, which is consistent with previous studies
indicating an incidence ranging from 4 to 20% [18-21]. Con-
temporary case reports have suggested favorable outcomes
when using MCS to manage cardiogenic shock in TTS. Data
from a recent meta-analysis including 93 case reports found
a pooled survival of nearly 95% and myocardial recovery
in all non-fatal cases [6]. However, these positive findings
could be subject to publication bias, as reports may dispro-
portionately represent cases with favorable outcomes over
those with negative ones.

The pathophysiology of TTS is likely related to a complex
multifactorial pathogenesis involving catecholamines and
increased sympathetic overactivity leading to microvascular
dysfunction [22, 23]. Therefore, inotropic agents should be
carefully administered or even avoided. Since the etiology of
hypotension/cardiogenic shock in TTS is multifactorial [24,
25], hemodynamic deterioration can be further aggravated
by LVOTO, as determined by hypercontractility of the basal
segments, and is often associated with moderate-to-severe

3740 Patients from the InterTAK Registry were assessed
for eligibility

3431 Were excluded
3392 Had no cardiogenic shock
29 Had missing information on cardiogenic shock
10 Had missing information on MCS devices

4

309 Patients with cardiogenic shock and information on
mechanical support devices were included in the study

[
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197 Patients received medical 19 Patients received ECMO only or a
therapy only combination of MCS devices*

69 Patients received IABP only

24 Patients received the Impella only
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by age, sex, apical type, InterTAK Classification, physk;al trigger, LVEF, OHCA

4

Propensity Score Matching (1:2)

69 Patients with IABP only
138 Patients with medical therapy only

Propensity Score Matching (1:1)

24 Patients with Impella only
24 Patients with medical therapy only

Fig.1 Study population. *Includes 11 patients with ECMO, 5
patients with ECMO and Impella (ECMELLA), and 3 patients with
TIABP and ECMO. ECMO, extracorporeal membrane oxygenation;
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IABP, intra-aortic balloon pump; InterTAK Registry International
Takotsubo Registry; LVEF, left ventricular ejection fraction; MCS,
mechanical circulatory support; OHCA, out-of-hospital cardiac arrest
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Table 1 Characteristics of TTS patients with cardiogenic shock stratified by treatment regimen

Total study cohort Medical Therapy IABP only Impella only Other MCS® P value
only
N=309 N=197 N=69 N=24 N=19
Demographics
Female sex—no./  243/309 (69.8) 161/197 (81.7) 52/69 (75.4) 21/24 (87.5) 9/19 (47.4) 0.004
total no. (%)
Age—yr— 64.6+14.3 (N=309) 64.6+15.1 (N=197) 64.8+13.7(N=69) 68.8+9.9(N=24) 585+12.1 (N=19) 0.14
mean =+ SD
Height—m— 1.63+0.09 (N=216) 1.62+0.09 (N=131) 1.61+0.10 (N=52) 1.66+0.07 (N=21) 1.71+0.13 (N=12) 0.005
mean + SD
BMI—kg/m>— 24.6+£58 (N=12) 242457 ((N=139) 23.9+4.6(N=57) 26.6+£50(N=21) 28.7+9.6(N=12) 0.018
mean + SD
Takotsubo Type—no./total no. (%)
Apical 242/309 (69.5) 146/197 (74.1) 60/69 (87.0) 23/24 (95.8) 13/19 (68.4) 0.015
InterTAK Classification—no./total no. (%)
Class I: TTS 29/309 (9.4) 14/197 (7.1) 9/69 (13.0) 4/24 (16.7) 2/19 (10.5) 0.28
related to emo-
tional stress
Class II: TTS related to physical stress
Class Ila: TTS 172/309 (55.7) 113/197 (57.4) 35/69 (50.7) 8/24 (33.3) 16/19 (84.2) 0.007
secondary to
physical activites,
medical condi-
tions, or proce-
dures
Class IIb: TTS 39/309 (12.6) 31/197 (15.7) 6/69 (8.7) 2/24 (8.3) 0/19 (0) 0.12
secondary to
acute neurological
disorders
Class III: TTS 62/309 (20.1) 35/197 (17.8) 18/69 (26.1) 8/24 (33.3) 1/19 (5.3) 0.06
without an iden-
tifiable triggering
factor
TTS related to 7/309 (2.3) 4/197 (2.0) 1/69 (1.4) 2/24 (8.3) 0/19 (0) 0.2
both physical and
emotional stress
Cardiac biomarkers on admission—median (IQR)
Troponin—factor  13.86 (2.91-43.83)  10.89 (2.18-37.07)  30.14 (8.40-62.86)  10.74 (1.93-50.07)  7.94 (3.00-17.00) 0.014
increase in ULN " N=245 N=159 N=55 N=19 N=12
Creatine kinase— 1.02 (0.60-2.09) 0.96 (0.49-2.06) 1.06 (0.70-1.833) 1.51 (0.67-2.87) 0.98 (0.63-6.53) 0.74
factor increase in N=217 N=138 N=48 N=20 N=11
ULN
BNP- factor 8.66 (2.29-38.12) 8.43 (2.13-36.5) 10.05 (2.45-40.41)  8.33 (2.20-53.89) 26.82 (4.04-85.56) 0.69
increase in ULN $ N=146 N=90 N=37 N=18 N=38
Inflammatory markers on admission—median (IQR)
CRP—mg/1 7.00 (1.40-29.80) 7.08 (1.60-35.00) 4.80 (0.48-18.90) 7.04 (2.48-45.08) 9.40 (2.00-70.90) 0.21
N=203 N=127 N=47 N=21 N=11
WBC—1073/ul 12.50 (9.80-17.98)  12.05(9.78-17.22)  13.35(9.88-20.08)  13.90 (10.50-15.73) 15.22 (9.19-22.50) 0.63
N=271 N=170 N=66 N=21 N=14
ECG on admission—no./total no. (%)
Sinus rhythm 234/272 (67.2) 153-175 (87.4) 51/60 (85.0) 19/22 (86.4) 11/15 (73.3) 0.50
ST-segment eleva- 136/274 (78.7) 92-177 (52.0) 33/61 (54.1) 4/22 (18.2) 7/14 (50.0) 0.22
tion
ST-segment 33/254 (9.5) 23-167 (13.8) 7/52 (13.5) 3/22 (13.6) 0/13 (0) 0.56
depression
T-wave inversion  93/253 (72.7) 61-166 (36.7) 20/52 (38.5) 12/22 (54.5) 0/13 (0) 0.014
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Table 1 (continued)

Total study cohort Medical Therapy IABP only Impella only Other MCS® P value
only

N=309 N=197 N=69 N=24 N=19

QTc—ms 465.7+56.6 466.1+54.7 464.4+63.9 472.6+62.0 (N=22) 450.4+41.6 0.78
(N=217) (N=143) (N=42) (N=10)
Hemodynamics—mean + SD

Heart rate—beats/ 102.0+26.8 98.8+27.2 (N=147) 106.6+21.9 109.9+£22.6 (N=23) 104.1+41.6 0.12
min # (N=239) (N=56) (N=13)
Systolic blood 113.1+32.8 113.3+30.6 113.8+40.0 111.3+25.5(N=24) 1102+34.8 0.97
pressure—mm (N=257) (N=156) (N=62) (N=15)
Hg #

Diastolic blood 68.3+19.9 (N=246) 69.5+19.5(N=148) 66.0+23.4(N=60) 709+155(N=23) 62.7+12.6(N=15) 0.41

pressure—mm
Hg #

Left ventricular ~ 29.4+11.6 (N=293) 31.0+10.7 (N=186) 30.2+13.6 (N=65) 18.8+6.6(N=24) 233+87(N=18)  <0.001

ejection frac-
tion—%—i%

Left ventricular ~ 25.1+8.9 (N=163) 23.8+8.1 N=108) 25.7+8.6 N=35) 342+9.1 N=10) 27.1+13.3(WN=10)  0.003

end-diastolic pres-
sure—mm Hg

Cardiovascular risk factors/history—no./total no. (%)

Hypertension 169/306 (48.6) 107/196 (54.6) 36/67 (53.7) 12/24 (50.0) 14/19 (73.7) 0.40
Diabetes mellitus  69/308 (19.8) 43/196 (21.9) 16/69 (23.2) 6/24 (25.0) 4/19 (21.1) 0.98
Current smoking  66/290 (19.0) 43/183 (23.5) 10/65 (15.4) 7/23 (30.4) 6/19 (31.6) 0.61
Hypercholester- 68/301 (19.5) 41/192 (21.4) 15/66 (22.7) 7/24 (29.2) 5/19 (26.3) 0.82
olemia
Family history of  31/252 (8.9) 18/156 (11.5) 6/56 (10.7) 6/22 (27.3) 1/18 (5.6) 0.14
CAD

Acute cardiac care treatment—no./total no. (%)
Inotropic agents/  263/309 (75.6) 169/197 (85.8) 54/69 (78.3) 21/24 (87.5) 19/19 (100) 0.11
Vasopressors
Respiratory 250/309 (71.8) 161/197 (81.7) 25/69 (75.4) 21/24 (87.5) 16/19 (84.2) 0.52
therapy

Out-of-hospital car-  43/239 (12.4) 31/147 (21.1) 8/50 (16.0) 2/23 (8.7) 2/19 (10.5) 0.37

diac arrest—no./
total no. (%)

Support time 2.00 (1.00-3.00) - 1.50 (1.00-3.25) 2.00 (1.00-2.00) 3.00 (2.00-7.00) 0.06
(days)—median N=57 N=26 N=17 N=14
(IQR)

In-hospital death—  89/309 (25.6) 62/197 (31.5) 10/69 (14.5) 6/24 (25.0) 11/19 (57.9) 0.001

no./total no. (%)

$Including upper limits of the normal range for troponin T, high-sensitivity troponin T, and troponin I

TIncluding upper limits of the normal range for brain natriuretic peptide and the N-terminal of prohormone brain natriuretic peptide

Data obtained during catheterization or echocardiography; if both results were available data from catheterization were used

#Data on admission, heart rate and blood pressure may have been influenced by inotropic agents/vasopressors

BMI body mass index, BNP brain natriuretic peptide, CRP c-reactive protein, CAD coronary artery disease, ECG electrocardiogram, /QR inter-
quartile range, JABP intra-aortic balloon pump, MCS mechanical circulatory support, Q7c QT interval corrected for heart rate, T7S Takotsubo
syndrome, SD standard deviation, ULN upper limit of the normal, WBC white blood cell count

°Other MCS includes 11 patients with ECMO, 5 patients with ECMELLA (ECMO + Impella) and 3 patients with IABP + ECMO

mitral regurgitation [26-29]. In the acute phase, TTS can be
difficult to distinguish from ACS, particularly in the pres-
ence of CAD [30, 31]. Transient thrombotic occlusion with
spontaneous thrombolysis may result in angiographically
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normal or near-normal coronary arteries, thereby mimicking
TTS. Cardiac MRI has been proposed as a helpful diagnostic
tool in this context. The colocalization of myocardial edema
and typical wall motion abnormalities in the absence of late
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Fig.2 Mechanical circulatory support over time. Usage of mechani-
cal circulatory support (MCS) over time. The use of the IABP has
declined, while the Impella and other MCS devices such as the
ECMO, ECMELLA or a combination of the IABP and ECMO
was more frequently used during the later years of the study. Data

gadolinium enhancement has been suggested to provide
incremental diagnostic value [32].

Management of cardiogenic shock in TTS patients rep-
resents a clinical challenge, especially in the presence of
LVOTO, which is estimated to be present in 7-25% of cases
and can be further aggravated by inotropes or [ABP [33-35].
Therefore, an Impella seems a promising therapeutic concept
since left ventricular unloading can reduce filling pressures,
LVOTO can be bridged, and coronary microcirculation may
be improved [8, 36].

In 2018, investigators from RETAKO Registry demon-
strated that LVOTO was the main predictor for hemody-
namic deterioration in patients with TTS and cardiogenic
shock [37]. In our study, which includes data dating back to
1999, LVOTO was not routinely measured, suggesting that
the overall clinical significance of LVOTO was consider-
ably lower at that time. However, the presence or absence
of LVOTO may be crucial for device selection in patients
with TTS and cardiogenic shock and should be routinely
measured.

In the present study, the use of an IABP was associated
with improved survival compared to medical therapy alone.
TABP augments coronary perfusion during diastole and may
also improve microvascular perfusion offering a treatment
option for TTS patients with shock and coronary slow flow.
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for the period from 1999 to 2001 are not presented in the figure as
only 1 patient with IABP was included during this period. *Other
includes ECMELLA, ECMO, and IABP+ECMO. ECMELLA,
Impella+ extracorporeal membrane oxygenation; ECMO, extracor-
poreal membrane oxygenation; IABP, intra-aortic balloon pump

Furthermore, one case series suggested that IABP as an
adjunctive therapy in patients with TTS and subarachnoid
hemorrhage ameliorated cardiogenic shock and cerebral
vasospasms [38]. However, IABP may not be a therapeutic
option for shock management in the presence of LVOTO,
which has been reported in a non-negligible proportion of
patients with TTS in association with hemodynamic deterio-
ration. While in our study we did not find a mortality reduc-
tion in the Impella group in comparison to matched con-
trols, the presence of physical triggers may have mitigated
a potential treatment effect. Patients treated with an Impella
presented with more severe hemodynamic compromise and
the use of the Impella 2.5 model in some cases may also
have influenced outcomes. TTS is an underrated condition
and encompasses a heterogeneous population with a wide
range of triggering events (e.g., acute neurologic disorders)
and especially those with cardiogenic shock had a high acute
comorbidity burden. These factors can significantly influ-
ence prognosis, thus making it challenging to evaluate the
true effectiveness of MCS devices in TTS.

Over the entire study period, the use of IABP declined
after 2010, while active MCS devices have increasingly been
used. One possible explanation for this trend may be the neu-
tral effect of TABP in AMlI-related cardiogenic shock and the
corresponding downgrade from a Class IC recommendation
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Table 2 Characteristics of the propensity score matched study cohorts

1:2 Matched study cohort

1:1 Matched study cohort

Medical therapy only ~ IABP only P value Medical therapy only  Impella only P value
N=138 N=69 N=24 N=24
Demographics
Female sex—no./ 109/138 (79.0) 52/69 (75.4) 0.68 21/24 (87.5) 21/24 (87.5) 1.0
total no. (%)
Age—yr— 65.9+14.1 (N=138) 64.8+13.7 (N=69) 0.58 68.0+14.6 (N=24) 68.8+9.9 (N=24) 0.82
mean +SD
Height—m- 1.63+£0.09 (N=97) 1.61£0.10 (N=52) 0.30 1.68 £0.09 (N=15) 1.66 £0.07 (N=21) 0.37
mean +SD
BMI- kg/m’*— 25.0+£6.7 (N=99) 23.9+4.6 (N=57) 0.24 26.2+5.4 (N=15) 26.6+5.0(N=21) 0.81
mean + SD
Takotsubo Type—no./total no. (%)
Apical 121/138 (87.7) 60/69 (87.0) 0.88 23/24 (95.8) 23/24 (95.8) 1.0
InterTAK Classification—no./total no. (%)
Class I: TTS related 13/138 (9.4) 9/69 (13.0) 043 4/24 (16.7) 4/24 (16.7) 1.0
to emotional stress
Class II: TTS related to physical stress
Class ITa: TTS 717138 (51.4) 35/69 (50.7) 0.92 9/24 (37.5) 8/24 (33.3) 0.76
secondary to physical
activites, medical
conditions, or proce-
dures
Class IIb: TTS sec-  18/138 (13.0) 6/69 (8.7) 0.36 2/24 (8.3) 2/24 (8.3) 1.0
ondary to acute neu-
rological disorders
Class III: TTS with-  32/138 (23.2) 18/69 (26.1) 0.65 7/24 (29.2) 8/24 (33.3) 1.0
out an identifiable
triggering factor
TTS related to both ~ 4/138 (2.9) 1/69 (1.4) 0.52 2/24 (8.3) 2/24 (8.3) 0.75
physical and emo-
tional stress
Cardiac biomarkers on admission—median (IQR)
Troponin—factor 9.67 (2.00-31.29) 30.14 (8.40-62.86) 0.001 15.15 (3.73-59.34) 10.74 (1.93-50.07) 0.64
increase in ULN " N=102 N=55 N=21 N=19
Creatine kinase— 0.84 (0.49-2.04) N=84 1.06 (0.70-1.83) 0.41 0.92 (0.59-1.68) N=16 1.51(0.67-2.87) N=20 0.59
factor increase in N=48
ULN
BNP—factor 12.01 (2.68-54.82) 10.05 (2.45-40.41) 0.55 35.73 (2.77-101.2) 8.33 (2.20-53.89) 0.19
increase in ULN $ N=58 N=37 N=14 N=18
Inflammatory markers on admission—median (IQR)
CRP—mg/1 9.60 (1.65-42.40) 4.80 (0.48-18.90) 0.07 8.90 (1.70-70.90) 7.04 (2.48-45.08) 0.96
N=381 N=47 N=15 N=21
WBC—1073/ul 12.20 (9.49-17.75) 13.35 (9.88-20.08) 0.31 13.72 (10.59-21.36) 13.90 (10.50-15.73) 0.28
N=113 N=66 N=22 N=21
ECG on admission—no./total no. (%)
Sinus rhythm 102/122 (83.6) 51/60 (85.0) 0.81 20/23 (87.0) 19/22 (86.4) 0.95
ST-segment eleva- 56/122 (45.9) 33/61 (54.1) 0.30 11/23 (47.8) 4/22 (18.2) 0.035
tion
ST-segment depres-  17/119 (14.3) 7/52 (13.5) 0.89 2/23 (8.7) 3/22 (13.6) 0.6
sion
T-wave inversion 40/118 (33.9) 20/52 (38.5) 0.57 8/23 (34.8) 12/22 (54.5) 0.18
QTc—ms 467.9+£52.6 (N=95) 464.4+63.9 (N=42) 0.74 472.0+66.3 (N=21) 472.6 £62.0 (N=22) 0.98
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Table 2 (continued)

1:2 Matched study cohort

1:1 Matched study cohort

Medical therapy only ~ IABP only P value Medical therapy only  Impella only P value
N=138 N=69 N=24 N=24
Hemodynamics—mean + SD
Heart rate—beats/ 98.0+27.8 (N=104) 106.6+21.9 (N=56) 0.048 93.6+16.1 (N=19) 109.9+22.6 (N=23)  0.012
min #
Systolic blood pres-  113.7+29.5 (N=107) 113.8+40.0(N=62)  0.98 113.4+29.4 (N=22) 111.3+£255(N=24) 0.8
sure—mm Hg #
Diastolic blood pres- 67.6+18.0 (N=104) 66.0+23.4 (N=60) 0.62 65.6+14.4 (N=22) 70.9+15.5 (N=23) 0.24
sure—mm Hg #
Left ventricular ejec- 29.0+9.6 (N=137) 30.2+13.6 (N=65) 0.53 19.4+5.7 (N=24) 18.8+6.6 (N=24) 0.017
tion fraction—%—i
Left ventricular end- 25.1+8.0 (N=78) 25.7+8.6 (N=35) 0.7 248+79 (N=12) 342+9.1 (N=10) 0.74
diastolic pressure—
mm Hg
Cardiovascular risk factors/history—no./total no. (%)
Hypertension 76/137 (55.5) 36/67 (53.7) 0.81 16/24 (66.7) 12/24 (50.0) 0.24
Diabetes mellitus 34/69 (24.8) 16/69 (23.2) 0.8 8/24 (33.3) 6/24 (25.0) 0.53
Current smoking 34/138 (24.6) 10/65 (15.4) 0.35 4/24 (16.7) 7/23 (30.4) 0.21
Hypercholester- 33/134 (24.6) 15/66 (22.7) 0.78 7/24 (29.2) 7/24 (29.2) 1.0
olemia
Family history of 11/109 (10.1) 6/56 (10.7) 0.90 6/22 (27.3) 6/22 (27.3) 1.0
CAD
Acute cardiac care treatment—no./total no. (%)
Inotropic agents/ 115/138 (83.3) 54/69 (78.3) 0.37 21/24 (87.5) 21/24 (87.5) 1.0
Vasopressors
Respiratory therapy ~ 105/138 (76.1) 25/69 (75.4) 0.91 16/24 (66.7) 21/24 (87.5) 0.086
Out-of-hospital cardiac  16/138 (11.6) 8/50 (16.0) 1.0 2/24 (8.3) 2/23 (8.7) 1.0
arrest—no./total no.
(%)
Support time (days)— - 1.50 (1.00-3.25) - - 2.00 (1.00-2.00) N=17 -
median (IQR) N=26
In-hospital death—no./ 49/138 (35.5) 10/69 (14.5) 0.002  7/24(29.2) 6/24 (25.0) 0.75

total no. (%)

$Including upper limits of the normal range for troponin T, high-sensitivity troponin T, and troponin I

7LIncluding upper limits of the normal range for brain natriuretic peptide and the N-terminal of prohormone brain natriuretic peptide

Data obtained during catheterization or echocardiography; if both results were available data from catheterization were used

#Data on admission, heart rate and blood pressure may have been influenced by inotropic agents/vasopressors

BMI body mass index, BNP brain natriuretic peptide, CRP c-reactive protein, CAD coronary artery disease, ECG electrocardiogram, /QR inter-
quartile range, JABP intra-aortic balloon pump, QTc QT interval corrected for heart rate, SD standard deviation, 77S Takotsubo syndrome, ULN

upper limit of the normal, WBC white blood cell count

to a Class III recommendation in current guidelines for myo-
cardial revascularization [39]. This transition also seems
relevant for managing cardiogenic shock in patients with
TTS, despite the absence of specific data for TTS and often
reliance on acute coronary syndrome protocols. Our study
noted a shift from frequent IABP use in early-enrolled TTS
patients to an increasing use of an Impella over the years.
This period also saw an increase in patients with physical
triggers and acute comorbidities, potentially linked to poorer
outcomes. The better outcomes with an IABP compared to

medical therapy in TTS patients could not be observed with
an Impella device, which showed mortality rates similar to
medical therapy alone. This change might be in part also
attributed to different clinical profiles, with a higher burden
of acute comorbidities for TTS cases in recent years, despite
adjustments for confounders in our analysis.

TTS patients may rapidly recover and stabilize over the
clinical course, which is also reflected by the overall short
support time (median, 2 days). Therefore, TTS seems to be
a bridgeable disease, and early initiation of short-term MCS
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Table 3 Device-related

T IABP only Impella only Other MCS°® P value
complications N=69 Ne24 N=19
Complications (total)—no./total no. (%) 3/50 (6.0) 5/16 (31.3) 6/16 (37.5) 0.003
Limb ischemia 1/50 (2.0) 2/16 (12.5) 2/16 (12.5) -
Compartment syndrome 1/50 (2.0) - - -
Retroperitoneal hematoma 1/50 (2.0) 1/16 (6.3) - -
Arterial thrombosis - 1/16 (6.3) 1/16 (6.3) -
Aneurysm - - 1/16 (6.3) -
Major bleeding* - - 1/16 (6.3) -
Minor bleeding* - 1/16 (6.3) 1/16 (6.3) -

*Classified according to GUSTO criteria
°Other MCS includes 11 patients with ECMO, 5 patients with ECMELLA (ECMO +Impella) and 3

patients with IABP+ ECMO

as a bridge-to-recovery may be considered. In our study,
one-third of patients with MCS had device-related compli-
cations, with most complications occurring in the Impella
or other MCS groups and the fewest occurring in patients
with an IABP. IABP has a smaller catheter size, which might
result in fewer complications than large-diameter devices
such as the Impella device or ECMO. The incidence of
device-related complications in the Impella cohort were
similar to those, which have been observed in the DANGER
Trial [40]. Early initiation of MCS and early discontinua-
tion of inotropes could potentially lead to improved survival
in TTS complicated by cardiogenic shock. Assessment of
LVOTO and measurement of LVEDP is crucial before MCS
implantation, and device selection may depend on the pres-
ence or absence of LVOTO.

Limitations

The strengths of the study include the use of the larg-
est, international, multicenter cohort of TTS patients
with cardiogenic shock, which provided extensive data
on patients’ characteristics and prognostic factors. This
enabled us to generate propensity score matched analyses
based on relevant confounders, comparing TTS controls
with medical shock management only to TTS patients
managed with either an IABP or an Impella. However,
some limitations of our study should be considered. This
was a registry-based analysis, and the findings should
be interpreted cautiously and regarded as hypothesis-
generating. Due to the study's observational nature,
causality cannot be established. The definition of shock
was not standardized and based on documentation as
defined by the investigators at each study site. Therefore,
patients with different shock stages (SCAI stage A-E)
might have been included [41]. The number of patients
in the Impella and other MCS groups was small, and we

@ Springer

could not assess the effectiveness of ECMO, ECMELLA,
or ECMO combined with IABP. Due to study's real-
world and partially retrospective nature, information on
LVOTO, dosing and different types of inotropic agents/
vasopressors, and no/low-flow time after cardiopulmo-
nary resuscitation was not systematically collected and
was not available for this analysis [42]. Furthermore,
additional laboratory or hemodynamic parameters
beyond those reported were not recorded. Although pro-
pensity score matching included relevant confounding
factors, residual bias due to unmeasured factors that may
influence the outcome cannot be excluded [43]. How-
ever, as of today, this study includes the largest available
cohort of TTS patients investigating the effectiveness of
MCS for managing cardiogenic shock from highly expe-
rienced sites.

Conclusion

In this large, multicenter, observational study, MCS devices
were increasingly used to manage cardiogenic shock in TTS.
The present study with its limitations could not demonstrate
an association with improved mortality with an Impella, but
possibly with an IABP when compared matched controls
with only medical therapy. The use of MCS was associated
with device-related complications in a substantial number
of patients. TTS patients are a heterogenous population, and
those with cardiogenic shock have a high acute comorbidity
burden. Therefore, management of cardiogenic shock in TTS
needs to be individually tailored with the selection of MCS
based on local expertise to maximize the benefit/risk ratio.
Further studies are necessary to verify the present results and
to establish a causal relationship.
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