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ABSTRACT

Introduction: Istaroxime was shown, in a small study, to increase systolic blood pressure (SBP)
in patients with pre-cardiogenic shock (CS) due to acute heart failure (AHF).
Objectives: In the current analysis, we describe the effects of 2 doses of istaroxime 1.0 (Ista-1)
and 1.5 mg/kg/min (Ista-1.5).
Methods: The target dose of istaroxime, administered in a double-blind, placebo-controlled
fashion, was 1.5 mg/kg/min in the first cohort (n = 24), and it was reduced to 1.0 mg/kg/min in
subsequent patients (n = 36).
Results: Ista-1 was associated with numerically larger effects on SBP area under the curve,
with a 93.6% relative increase from baseline during the first 6 hours with Ista-1 vs 39.5% for
Ista-1.5, and with a 49.4% and 24.3% relative increase, respectively, at 24 hours. Compared to
placebo, Ista-1.5 had more worsening HF events until day 5 and fewer days alive out of hospi-
tal (DAOH) through day 30. Ista-1 had no worsening HF events, and DAOH to day 30 were sig-
nificantly increased. Effects on echocardiographic measures were similar, although decreases
in left ventricular end systolic and diastolic volumes were numerically larger in the Ista-1
group. Ista-1, but not Ista-1.5, showed numerically smaller creatinine increases and larger
decreases in natriuretic peptides as compared to placebo. There were 5 serious adverse events
in Ista-1.5 (4 of which were cardiac) but only 1 in Ista-1.
Conclusions: In patients with pre-CS due to AHF, istaroxime 1.0 mg/kg/min induced beneficial
effects on SBP and DAOH. Clinical benefits appear to be reached at dosages less than 1.5 ug/
kg/min. (J Cardiac Fail 2023;00:1�7)
Key Words: Acute heart failure, istaroxime, SERCA2a, cardiogenic shock, blood pressure,
therapeutics.
Cardiogenic shock (CS) continues to be associated
with high rates of morbidity and mortality, posing a
therapeutic challenge for clinicians and requiring
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needed because hypotension is a major cause of
end-organ injury and poor outcome. Current vaso-
pressors are limited because they act through adren-
ergic-receptor stimulation, which is associated with
tachycardia, malignant arrhythmias and, in many
studies, poorer outcomes.1,5 Istaroxime exerts its
effects through dual mechanisms of action: (1) inhi-
bition of the Na+/K+-ATP-ase activity, increasing
intracellular calcium, and (2) activation of the sarco-
plasmic reticulum calcium ATPase isoform 2a (SER-
CA2a).6 This is a secondary analysis of the SEISMiC
study (a multicenter, randomized, double-blind, pla-
cebo-controlled, parallel-group study on the Safety
and Efficacy of Istaroxime for Pre-Cardiogenic
Shock)7; we describe the results of the SEISMIC study
in the patients who received the 2 different doses of
istaroxime, 1.0 and 1.5 mg/kg/min, respectively.
Methods

Study Design

The design and primary results of the SEISMiC trial
have been published.7 Briefly, eligible patients were
hospitalized with pre-CS with Society for Cardiovas-
cular Angiography (SCAI) stage B related to AHF;
they were 18�85 years of age, had left ventricular
ejection fractions of 40% or less, persistent hypoten-
sion (systolic blood pressure [SBP] of 75�90 mmHg),
were without signs of peripheral hypoperfusion,
had venous lactate levels � 2 mmol/L, and were not
receiving mechanical support or treatment with
intravenous vasodilators, inotropes or vasopressors.
Patients were randomized to receive istaroxime or

placebo at a ratio of 1:1. The original protocol had a
target and maximum dose of 1.5 mg/kg/min; how-
ever, after 26 of the 60 patients were recruited, the
sponsor’s medical monitor recommended reducing
the dose of istaroxime, based on blinded review of
serious adverse events, to 1.0 mg/kg/min, a recom-
mendation that was accepted by the sponsor and
the data and safety monitoring committee.
The primary efficacy endpoint was the area under

the curve (AUC) representing the change in SBP
from baseline, start of study drug infusion, through
6 hours (SBP AUC). Secondary endpoints included
changes from baseline to 24 hours in echocardiogra-
phy parameters and changes in estimated glomeru-
lar filtration rates, N-terminal pro-B-type natriuretic
peptide (NT-proBNP), lactate and troponin levels
through 96 hours; SBP AUC through 24 hours; in-
hospital worsening heart failure through day 5;
length of stay (LOS) in hospital; LOS in intensive care
or coronary care units (ICUs/CCUs); and days alive
and out of the hospital (DAOH), all-cause mortality,
and all-cause mortality or HF readmission through
30 days.
Statistical Analysis

Unadjusted results for continuous variables are
presented as the mean and standard deviation and
as frequencies and percentages for categorical varia-
bles. Treatment groups were compared within
cohorts where indicated (Ista-1 vs placebo-1 and
Ista-1.5 vs placebo-1.5). The AUCs of the changes in
SBP through hours 6 and 24 were computed by trap-
ezoidal rule, and the treatment groups were com-
pared using adjusted least square means and
associated standard errors from an ANCOVA model
that included baseline SBP, pooled site, treatment,
cohort, and treatment by cohort interaction.
Changes in estimated glomerular filtration rates
and NT-proBNP, lactate and troponin levels were
compared between treatment groups within
cohorts by using mixed model repeated measures
with baseline value, cohort, treatment, pooled study
site, time, and the 3-way interaction cohort-by-treat-
ment-by-time, along with all lower-order interac-
tions. Contrasts were used for comparing
treatments within each cohort. Whether treatment
effects on changes in echocardiographic measures
at 24 hours differed by cohort was examined using
ANCOVA, with baseline value, treatment, dose,
cohort, pooled study site, and the treatment-by-
cohort interaction in the models. Results presented
are the adjusted least squares means changes and
associated standard errors and least squares means
difference between active and placebo within each
cohort. The van Elteren test, stratified by pooled
study centers, was used to compare groups within
each cohort separately regarding length of hospital
stay, stay in ICU/CCU and DAOH through day 30; the
cohort-by-treatment interaction was assessed by a
test-statistic based on the difference between the
Mann-Whitney estimates of each cohort and their
associated standard errors. Treatment groups for
binary clinical endpoints were compared using the
Cochran-Mantel-Haenszel test within each cohort
separately, controlling for pooled study sites with
the cohort-by-treatment effect as assessed by a
logistic regression model, with cohort, treatment
and the cohort-by-treatment interaction. A 2-sided
P < 0.05 was considered statistically significant. No
adjustments for multiple testing were made. SAS
version 9.4 (SAS Institute, Cary, NC, USA) was used
for analyses.

Results

SEISMIC included 2 phases. The first phase
occurred between September 28, 2020, and Septem-
ber 3, 2021, and included 26 patients who were ran-
domized to a 24-hour infusion of istaroxime 1.5 mg/
kg/min (Ista-1.5, n = 14) or placebo (placebo-1.5,
n = 12). The second phase, occurring between
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September 3, 2021, and March 9, 2022, included 34
patients who were randomized to a 24-hour infu-
sion of istaroxime 1.0 mg/kg/min (Ista-1, n = 15) or
placebo (placebo-1, n = 19). The mean duration of
the study drug’s infusion was 22.6 § 5.2 hours for
patients in the Ista-1 and 23.6 § 1.4 hours for
those in the Ista-1.5 (P = 0.328). Maximum dosage
was 0.97 § 0.06 mg/kg/min in the Ista-1, and maxi-
mum dosage was 1.40 § 0.15 mg/kg/min in the
Ista-1.5 (P = 0.001). Time at maximum dose was
significantly shorter in the Ista-1.5 than in the
Ista-1 by approximately 7 hours (P = 0.001). Total
dosage was 1339 § 325 mg/kg in the Ista-1 and
1760 § 358 mg/kg in the Ista-1.5 (P = 0.0530). The
study drug’s dosage was decreased in 6 patients
in the Ista-1.5 group but in none of the patients
in the Ista-1 group (P = 0.034).
Both dosages of istaroxime increased SBP (Fig. 1).

The adjusted mean difference in 6-hour SBP AUC in
favor of Ista-1 over the placebo1 was 23.41 (95% CI
1.11�47.93; P = 0.061) mmHg¢hour, representing a
93.6% relative increase, and the adjusted mean dif-
ference in 6-hour SBP AUC for the Ista-1.5 vs the
Fig. 1. Changes in systolic blood pressure by dose. a, through 6 h
baseline and associated standard errors are shown.
placebo-1.5 was 17.10 (95% CI -10.27�44.48;
P = 0.215) mmHg¢hour, a 39.5% relative increase in
SBP change. Regarding 24-hour SBP AUC, the
adjusted mean difference comparing Ista-1 to the
placebo and the Ista-1.5 to the placebo were 94.07
(95% CI -5.08�193.22; P = 0.063) and 59.19 (95% CI
-51.50�169.88; P = 0.288) mmHg¢hour, respectively,
representing a 49.4% and 24.3% relative increase in
SBP change.

Worsening heart failure through day 5 occurred in
5 patients in the Ista-1.5 group and in 1 patient in
the placebo-1.5 group (P = 0.043). Worsening heart
failure events did not occur in the istaroxime 1.0
cohort. There were no statistically significant differ-
ences in LOS in the hospital or in the ICU/CCU
between the istaroxime and placebo groups in
either cohort, although a trend to reduction in LOS
was observed in the Ista-1.0 group (10.00 § 6.31 vs
11.58 § 6.43 days in the placebo group; P = 0.1054).
At 30 days, the mean number of DAOH was approxi-
mately 2 days greater for the Ista-1 group than for
the placebo-1 group (21.27 § 5.97 vs 19.00 § 5.93
days; P = 0.0218). A greater number of deaths
ours; b, through 24 hours. Unadjusted mean changes from



Table 1. Changes in echocardiography 24-hours post treatment by dose

Parameter

Istaroxime 1.0
mg/kg/min
(n = 15)

Placebo 1.0 mg/
kg/min (n = 19)

P value Ista
1.0 vs. Placebo
1.0 [a]

Istaroxime 1.5
mg/kg/min
(n = 14)

Placebo
1.5 mg/kg/
min (n = 12)

P value Ista
1.5 vs.
Placebo 1.51

Cohort-by-
Treatment
Interaction
P value

Cardiac index (L/min/m2) 0.16 (0.08) �0.03 (0.08) 0.14 (0.09) �0.09 (0.11)
Treatment effect (Ista vs placebo) 0.20 (�0.04, 0.44) 0.0967 0.24 (�0.03, 0.52) 0.0800 0.8187
Cardiac output (L/min) 0.22 (0.17) �0.01 (0.15) 0.25 (0.19) �0.02 (0.22)
Treatment effect (Ista vs placebo) 0.24 (�0.23, 0.71) 0.3132 0.28 (�0.28, 0.83) 0.3217 0.9201
E/e’ ratio �0.88 (1.21) �2.17 (1.12) �0.28 (1.34) �1.92 (1.57)
Treatment effect (Ista vs placebo) 1.30 (�1.96, 4.56) 0.4274 1.64 (�2.15, 5.42) 0.3888 0.8929
Ejection time (msec) �12.3 (8.27) �2.43 (7.47) 9.57 (9.21) 14.39 (10.23)
Treatment effect (Ista vs placebo) �9.92 (�32.0, 12.12) 0.3696 �4.82 (�30.0, 20.40) 0.7022 0.7640
Inferior vena cava diameter (mm) �2.71 (0.96) �2.08 (0.84) �2.24 (1.07) �2.00 (1.20)
Treatment effect (Ista vs placebo) �0.63 (�3.17, 1.91) 0.6203 �0.24 (�3.21, 2.72) 0.8705 0.8440
Left atrium area (cm2) �1.67 (0.68) �0.36 (0.62) �1.95 (0.76) 0.59 (0.81)
Treatment effect (Ista vs placebo) �1.31 (�3.13, 0.51) 0.1535 �2.55 (�4.59, �0.51) 0.0155 0.3719
Left atrium volume (mL) �9.59 (2.55) �2.79 (2.33) �4.84 (2.83) �3.19 (3.17)
Treatment effect (Ista vs placebo) �6.80 (�13.6, 0.05) 0.0516 �1.66 (�9.48, 6.17) 0.6720 0.3275
Left ventricle end diastolic volume (mL) �10.5 (6.55) 10.11 (5.74) �2.03 (7.35) �1.37 (7.79)
Treatment effect (Ista vs placebo) �20.6 (�37.9, -3.37) 0.0201 �0.66 (�20.2, 18.85) 0.9459 0.1001
Left ventricle end systolic volume (mL) �13.6 (5.71) 5.03 (4.99) �2.74 (6.41) 1.68 (7.20)
Treatment effect (Ista vs placebo) �18.6 (�33.7, �3.61) 0.0161 �4.42 (�21.9, 13.08) 0.6137 0.2251
Left ventricular ejection fraction (%) 2.99 (1.00) 1.90 (0.88) 2.22 (1.11) 0.28 (1.20)
Treatment effect (Ista vs placebo) 1.09 (�1.55, 3.73) 0.4115 1.95 (�1.07, 4.96) 0.2003 0.6723
Pulmonary artery systolic pressure (mmHg) �7.32 (2.51) �3.67 (2.21) �6.95 (2.91) �6.85 (3.02)
Treatment effect (Ista vs placebo) �3.64 (�10.3, 3.00) 0.2753 �0.11 (�7.77, 7.55) 0.3883 0.4905
Stroke volume index (mL/m2) 4.29 (1.87) 1.04 (1.67) 3.62 (2.04) 0.62 (2.32)
Treatment effect (Ista vs placebo) 3.25 (�1.68, 8.19) 0.1914 3.00 (�2.69, 8.69) 0.2947 0.9471

1LS means, LS mean difference, and P values from ANCOVA model adjusted for pooled site, treatment and baseline value.
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Fig. 2. Changes in biomarkers through 96 hours by dose. a, eGFR. b, NT-proBNP. c, Lactate. D, Troponin. Adjusted least
square means with associated standard errors derived from a mixed model repeated measures with baseline value, cohort,
treatment, pooled study site, time, and the 3-way interaction cohort-by-treatment-by-time along with all lower-order
interactions are shown.
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occurred in the Ista-1.5 (3) than in the Ista-1 (1) or
the placebo group (placebo 1.0:1, placebo 1.5:0;
P = nonsignificant). One patient in the Ista-1, 3
patients in the placebo-1, 3 patients in the Ista-
1.5, and 1 patient in the placebo-1.5 group expe-
rienced the composite outcome of death or read-
mission due to heart failure through day 30 (all
P = nonsignificant). Both istaroxime-treatment
groups were associated with a trend toward
increased cardiac index on 24-hour echocardio-
graphic cardiac index, but only Ista-1 administra-
tion measures improved left ventricular end-
diastolic volume and left atrial volume (Table 1).
Changes in laboratory values between the istarox-
ime- and placebo-treated patients are presented
in Fig. 2. Serious adverse events were observed in
1 patient (7%) in the Ista-1 group, in 4 patients
(21%) in the placebo-1 group, in 5 patients (36%)
in the Ista-1.5 group, and in 2 patients (17%) in
the placebo-1.5 group. Arrhythmias through
72 hours after the study drug’s administration, as
determined by Holter monitoring, were not
affected by treatment.
Discussion

The SEISMiC study assessed the effects of istarox-
ime on blood pressure, echocardiographic measures,
safety, and outcomes in patients with AHF-related
pre-CS SCAI stage B.7 The increase in SBP in patients
randomized to istaroxime 1.0 mg/kg/min was numer-
ically and relatively higher than in those treated
with 1.5 mg/kg/min. Similarly, echocardiographic
changes, especially those pertaining to atrial and
ventricular size, were more pronounced in patients
treated with 1.0 mg/kg/min increase relative to those
treated with 1.5 mg/kg/min. In addition, istaroxime
1.5 mg/kg/min administration was associated with
some early serious adverse events that translated
into lack of, or even negative, effects on worsening
HF, LOS, DAOH, and even death or HF readmissions
compared with the concurrent placebo. On the
other hand, istaroxime 1.0 mg/kg/min was associated
with less SAEs and was associated with numerically
shorter LOS, significantly longer DAOH to day 30
and numerically fewer deaths or HF readmissions
compared with its concurrent control group. Indeed,



Fig. 2 Continued.
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due to the increased serious adverse events, investi-
gators tended more commonly to down-titrate and
discontinue the study’s drug during the first cohort
when istaroxime 1.5 mg/kg/min was administered
than during the second cohort (as evidenced by time
in maximal dosage). Biomarker analysis based on
site measurements of natriuretic peptides, creati-
nine, lactate, and troponin levels also show some
interesting results; patients treated with istaroxime
1.0 mg/kg/min had numerically smaller increases in
creatinine levels and improvement in NT-proBNP
levels, whereas patients treated with istaroxime 1.5
mg/kg/min showed no improvement in creatinine or
NT-proBNP levels and had numerical increases in tro-
ponin and lactate levels.
Limitations

This is a pilot study in which a small number of
patients were enrolled. It focused on patients with
stage B CS, and although pathophysiologically bene-
ficial, to what extent the trial results could be
extended to other CS stages is still unclear. This was
a pilot study, and the comparisons of the 1.0 mg/kg/
min and 1.5 mg/kg/min were done post hoc, based
on a decision midstudy to reduce the dosage of istar-
oxime administered. Furthermore, the trial has not
directly evaluated (head-to-head) Ista 1 vs Ista 1.5,
only the individual effects of the 2 dosages com-
pared to placebo. These results need to be further
explored in larger studies.

Conclusions

In this pilot phase 2 study of patients with AHF-
related SCAI stage B pre-CS, istaroxime 1.0 mg/kg/
min seemed to improve simultaneously blood pres-
sure and cardiac function, with trends to early
improvement in some biomarkers and outcomes.
Istaroxime 1.5 mg/kg/min had smaller effects on
blood pressure and was associated with more severe
adverse events, leading to fewer or negative effects
on biomarkers and outcomes. Further studies may
explore the response to istaroxime in patients with
cardiogenic shock.

Disclosures

MM received personal fees of minimal amounts in
the past 3 years from Amgen, Livanova, and Vifor
pharma as a member of Executive or Data Monitor-
ing Committees of sponsored clinical trials; from
Astra-Zeneca, Abbott vascular, Bayer, Boheringer
Ingelhelm, and Edwards Therapeutics for participa-
tion on advisory boards and/or speeches at



ARTICLE IN PRESS
Istaroxime in Pre-Cardiogenic Shock � Metra et al 7
sponsored meetings. OC is a member of Boehringer
Ingelheim Advisory Board. GC, BD and MN are
employees of Momentum Research, which has
received grants from Abbott Laboratories, Amgen,
Celyad, Cirius Therapeutics, Corteria Pharmaceuti-
cals, Roche Diagnostics, Sanofi, Windtree Therapeu-
tics, and XyloCor Therapeutics. GF is an executive
committee member and consultant to Corthera (a
Novartis company), Bayer, Amgen, Servier, Med-
tronic, Vifor, and Boehringer Ingelheim and has
received research grants from the European Union.
AM reports personal fees from Orion, Roche, Adre-
nomed, and Fire 1 and grants and personal fees
from 4TEEN4, Abbott, Roche, and Sphyngotec. PP
reports other income from Trevena during the con-
duct of the study, reports grants and personal fees
from Amgen, grants and personal fees from Servier,
Boehringer Ingelheim, Vifor Pharma, Novartis,
Bayer, Cibiem, AstraZeneca, BMS, Renal Guard Solu-
tions, Impulse Dynamics, and Abbott Vascular, per-
sonal fees from Berlin Chemie outside of the
submitted work. PS, JS and SS are employees of
Windtree Therapeutics.
Funding

The SEISMiC study was funded by Windtree Thera-
peutics, Inc.
References

1. Chioncel O, Parissis J, Mebazaa A, Thiele H, Desch S,
Bauersachs J, et al. Epidemiology, pathophysiology and
contemporary management of cardiogenic shock - a
position statement from the Heart Failure Association
of the European Society of Cardiology. Eur J Heart Fail
2020;22:1315–41. https://doi.org/10.1002/EJHF.1922.

2. Van Diepen S, Katz JN, Albert NM, Henry TD, Jacobs AK,
Kapur NK, et al. Contemporary management of cardio-
genic shock: a scientific statement from the American
Heart Association. Circulation 2017;136:e232–68. https://
doi.org/10.1161/CIR.0000000000000525.

3. Bers DM. Altered cardiac myocyte Ca regulation in
heart failure. Physiology (Bethesda) 2006;21:380–7.
https://doi.org/10.1152/PHYSIOL.00019.2006.

4. Singh T, Samson R, Ayinapudi K, Motwani A, Le Jem-
tel TH. Precardiogenic shock: a new clinical entity.
Cardiol Rev 2019;27:198–201. https://doi.org/10.1097/
CRD.0000000000000237.

5. Beer BN, Jentzer JC, Weimann J, Dabboura S, Yan I,
Sundermeyer J, et al. Early risk stratification in patients
with cardiogenic shock irrespective of the underlying
cause - the Cardiogenic Shock Score. Eur J Heart Fail
2022;24:657–67. https://doi.org/10.1002/ejhf.2449.

6. Chioncel O, Collins SP, Butler J. Istaroxime in acute
heart failure: the holy grail is at HORIZON? Eur J Heart
Fail 2020;22:1694–7. https://doi.org/10.1002/EJHF.1843.

7. Metra M, Chioncel O, Cotter G, Davison B, Filippatos G,
Mebazaa A, et al. Safety and efficacy of istaroxime in
patients with acute heart failure-related pre-cardiogenic
shock: a multicentre, randomized, double-blind, placebo-
controlled, parallel group study (SEISMiC). Eur J Heart
Fail 2022;24:1967–77. https://doi.org/10.1002/ejhf.2629.

https://doi.org/10.1002/EJHF.1922
https://doi.org/10.1161/CIR.0000000000000525
https://doi.org/10.1152/PHYSIOL.00019.2006
https://doi.org/10.1097/CRD.0000000000000237
https://doi.org/10.1097/CRD.0000000000000237
https://doi.org/10.1002/ejhf.2449
https://doi.org/10.1002/EJHF.1843
https://doi.org/10.1002/ejhf.2629

	Safety and Efficacy of Istaroxime 1.0 and 1.5 &micro;g/kg/min for Patients With Pre-Cardiogenic Shock
	Methods
	Study Design
	Statistical Analysis

	Results
	Discussion
	Limitations
	Conclusions
	Disclosures
	Funding
	References


