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1. Introduction

Perioperative myocardial dysfunction (also referred to as low car-
diac output syndrome (LCOS) or perioperative acute heart failure) oc-
curs frequently after cardiac surgery, and is a well-described risk factor
for short-term morbidity and mortality [1,2]. Overall in-hospital mortal-
ity is reported to be around 20%, but in the most severe form it may be
as high as 40% [3,4]. Long-term data on outcome of these very high-risk
patients are currently lacking.

Inotropes are a cornerstone of treatment of perioperative myocar-
dial dysfunction [5]. Among the different inotropic drugs, levosimen-
dan has been suggested in meta-analyses to reduce mortality of pa-
tients with myocardial dysfunction, especially in the cardiac surgery set-
ting [6,7]. Accordingly, we designed and conducted a multicenter, ran-
domized, placebo-controlled trial (mRCT) to investigate whether lev-
osimendan administration in cardiac surgery patients with periopera-
tive myocardial dysfunction could reduce mortality (the Levosimendan
to Reduce Mortality in High Risk Cardiac Surgery Patients. A Multi-
centre Randomized Controlled Trial [CHEETAH]) [8]. Short-term re-
sults of the CHEETAH trial has been previously published, showing
no difference between levosimendan and placebo in terms of mortal-
ity. [9]. However, survival benefits can become evident only at ex-
tended follow-up as documented in similar settings (e.g. a previous
trial on early revascularization for patients with cardiogenic shock fol-
lowing acute myocardial infarction) [10-12], and 1-
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year mortality is currently reported in major cardiogenic shock mRCTs
[13-16]. Accordingly, we decided to include 1-year mortality among
pre-specified secondary outcomes of the CHEETAH trial [8]. Moreover,
predictors of long-term survival in patients with perioperative myocar-
dial dysfunction have never been investigated.

The aims of the present investigation are to assess overall long-term
mortality in cardiac surgery patients requiring hemodynamic support, to
investigate whether levosimendan administration could improve 1-year
survival in this high-risk subset of patients, and to identify early predic-
tors of long-term mortality.

2. Materials and methods

This is a pre-specified secondary outcome analysis of a multicenter,
randomized, double-blind, placebo-controlled trial performed in 14 cen-
ters in three countries. The trial was approved by Ethics Committee of
all participating centers and registered on ClinicalTrials.gov (Registra-
tion no. NCT00994825). Details on the CHEETAH study design, proce-
dure, and statistical analysis have been extensively described previously
[8,9].

All patients scheduled for cardiac surgery were assessed for eli-
gibility, and provided written informed consent before surgery. Pa-
tients subsequently meeting inclusion criteria either in the operating
room (OR) or in the intensive care unit (ICU) were then random-
ized. Patients were included if they developed perioperative myocar-
dial dysfunction, defined as preoperative left ventricular ejection frac-
tion (LVEF) < 25%, preoperative need for intra-aortic balloon pump
(IABP), need for high-dose inotropic drugs (defined as vasoactive-in-
otropic score > 10) or IABP during weaning from cardiopulmonary by-
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pass (CPB) or within 24 h from surgery. Exclusion criteria were enrol-
ment in another randomized trial, a previous adverse response to lev-
osimendan or receipt of levosimendan in the previous 30 days, previous
kidney or liver transplantation, liver cirrhosis, emergency operation, a
decision to use extracorporeal membrane oxygenation (ECMO) already
made, or the presence of a do-not-resuscitate order.

Patients were randomized (using a computer-generated, permuted
block sequence stratified by center) in a 1:1 ratio to receive levosimen-
dan or placebo, in addition to standard inotropic care. Allocated group
was concealed in sealed, opaque, sequentially-numbered envelopes. At-
tending physicians, study investigators, and outcome assessors were
blinded to treatment allocation. Levosimendan was administered as con-
tinuous infusion without loading dose, starting at a dose of 0.05 pg/kg/
min. Dose could be then decreased to 0.025 pg/kg/min or increased up
to 0.2 pg/kg/min at discretion of the attending physician, and continued
for up to 48 h or until ICU discharge.

Primary outcome of the CHEETAH study was 30-day mortality. How-
ever, data on 1-year mortality were also collected as per study proto-
col [8]. All patients were followed-up until hospital discharge. A tele-
phone follow-up was performed by blinded investigators at 1 year from
randomization. In case of difficulties in follow-up by telephone, the fol-
lowing methods were used to ascertain 1-year vital status: sending a let-
ter to the patient's home address; checking hospital records and surgical
databases; contacting the patient's general practitioner; and contacting
the city municipality. Causes of death were classified according to pre-
viously validated criteria [17].

2.1. Statistical analysis

Details on sample size calculation and statistical analysis have been
described in details previously [8,9].

All analyses comparing levosimendan and placebo were performed
according to the intention-to-treat principle, and no imputation for miss-
ing data was applied.

Data are presented as means *+ standard deviation (SD) when the
variables were normally distributed or as medians and interquartile
ranges (IQR) for non-normally distributed variables. Dichotomous data
were compared by 2-tailed y? tests with the Yates correction or Fisher's
exact tests when appropriate. The primary analysis was not adjusted
for covariates. Continuous measurements were compared using the
Mann-Whitney U test.

Logistic regression model using stepwise selection was used to iden-
tify predictors of 1-year mortality. Baseline and pre-randomization clini-
cal data and center information were entered into the model if they had
a univariate p-value of less than 0.10. Treatment group (levosimendan
versus placebo) was forced into the multivariate model. In the multi-
ple logistic regression analyses, clinical factors or potential confounding
variables were expressed as odds ratio (OR) with 95% confidence inter-
val (CI).

The trial was interrupted for futility after the second interim analy-
sis, performed after enrolment of 50% of planned sample size. Details
on sample size calculation, together with interim analysis and trial in-
terruption, have been previously published [8,9].

All reported p-values are 2-sided. Data were stored electronically and
analyzed with Stata (Stata Statistical Software: release 15, StataCorp LP,
College Station, Texas).

3. Results

Between November 2009 and April 2016, a total of 4725 patients
provided written informed consent. Among these, 506 patients were en-
rolled and randomized, with 248 assigned to levosimendan and 258
assigned to placebo. All patients completed 30-day follow-up, while
one-year follow-up data were available for 505 patients (99.8%), who
were included in the intention-to-treat analysis (Fig. 1).

Baseline and intraoperative characteristics of patients have been pre-
viously reported and are described in Supplementary Tables 1 and 2 [9].
The study drug was administered at a mean dose of 0.066 + 0.031 pg/
ke/min in the levosimendan oroun with a volume eauivalent to a

in the placebo group (P = .002). The cumulative dose was
10.5 = 4.05 mg in the levosimendan group and 9.9 *+ 3.44 mg in the
placebo group (p = .12). Hemodynamic parameters and doses of va-
soactive drugs over the first three days of treatment are presented in the
Supplementary Appendix.

Overall, 1-year mortality was 17.4%. (88/505). Mortality data at dif-
ferent time-points are reported in Table 1. There were no differences
in ICU, hospital, or 30-days mortality, as previously reported [9]. At
1-year follow-up, a total of 41 patients (16.5%) died in the levosimen-
dan group, while 47 (18.3%) died in the placebo group (absolute risk
difference — 1.8; 95% CI -8.4 to 4.9; P = .60) (Table 1). There were
no significant differences in survival rate over time as assessed by the
Kaplan-Meier survival plots (hazard ratio 1.10; 95% CI 0.73 to 1.78;
P = .64) (Fig. 2). Causes of death are presented in the Supplementary
Appendix.

Results of univariate analysis of association between baseline vari-
ables and 1-year mortality are reported in Supplementary Table 3. Re-
sults of the multiple logistic regression analysis are shown in Table 2:
female sex, history of chronic obstructive pulmonary disease (COPD),
previous myocardial infarction, high baseline serum creatinine, low
baseline hematocrit, low mean arterial pressure (MAP) at randomiza-
tion, and duration of CPB were independently associated with increased
risk of 1-year mortality, while chronic therapy with angiotensin-convert-
ing enzyme (ACE) inhibitors and mitral valve surgery were associated
with a reduced risk.

4. Discussion
4.1. Key findings

The most important finding of the CHEETAH trial is that levosimen-
dan administration in cardiac surgery patients who require postopera-
tive hemodynamic support is not associated with improved 30-days and
1-year outcomes. Furthermore, multiple logistic regression analysis al-
lowed to identify, for the first time, several risk factors associated with
worse long-term outcome in this patient population.

Relationship to previous studies.

To the best of our knowledge, this is the first study reporting
long-term outcome of patients requiring high-dose hemodynamic sup-
port in cardiac surgery. Short-term mortality for postoperative LCOS
ranges from 12.5% to about 30%, depending on definition and proce-
dures included [3,18-21]. Notably, mortality varies widely depending
on severity of LCOS, as mortality rates may be lower than 5% for post-
operative myocardial stunning [4], but rise up to more than 30% when
over cardiogenic shock develops [3,4] and may reach 70% when me-
chanical circulatory support with ECMO is required [22].

Short-term [30-days] overall mortality rate in our study was 12.9%,
which increased to 17.4% at 1-year, with no difference between the lev-
osimendan and the placebo group. Previous studies performed in the set-
ting of cardiogenic shock following acute myocardial infarction showed
similar trends, with a steep decrease in survival in the first 30-days, and
a relative stabilization of survival rates in the following months [10-16].

In the Intra-Aortic Balloon Pump in Cardiogenic Shock II
(IABP-SHOCK II) trial, patients with cardiogenic shock following acute
myocardial infarction were randomized to receive hemodynamic sup-
port with a IABP or standard treatment [13]. Similarly to our trial,
IABP-SHOCK II investigators found no difference in both 30-days [13]
and 1-year mortality between patients receiving IABP and patients re-
ceiving standard treatment without IABP [14]. Conversely, the SHOCK
(SHould we emergently revascularize Occluded Coronaries for cardio-
genic shock) trial showed an increased 1-year [11] and 6-year survival
[12] in patients with cardiogenic shock receiving early revasculariza-
tion as compared with medical management alone, despite no mortality
difference at 30-days [10]. Finally, the CULPRIT-SHOCK (Culprit Lesion
Only PCI versus Multivessel PCI in Cardiogenic Shock) trial randomized
patients with cardiogenic shock following acute myocardial infarction
to PCI of the culprit lesion only or multivessel PCI. This trial found a
short-term survival benefit [15] that disappeared at 1-year [16].

Our study allowed us to identify several baseline characteristics as-
sociated with 1-year mortality. These include female sex, history of
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Assessed for eligibility

(n=6478) Excluded (n=1,753):
* Received Levosimendan inthe previous 30
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* Declined to partecipate (n=551)
—— . Parkinson'sdisease(n=5)
= Liver cirrhosis[n=16)
= Kidney or liver transplant (n=16)
L 4 * Participation into other RCTs (n=1,056)
Signed the informed
consent
(n=4,725)
Excluded [n=4,078):
* Didnot meet inclusion criteria(n=4,011)
*  Underwent an emergency procedure (n=19)
e+ Dizcision tostart ECMO already made (n=10)
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* Partecipation in other RCTs [n=12)
* Other reasons (n=15)
k 4
Had inclusion criteria
(n=647]
Excluded (n=141):
p——— « Decision bythe attending physician (n=126)
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(n=258)

=  Study drug interruption (n=g)

+ Death before starting study drug (n=0)
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= Intervention unblinded (n=5)

* Received open label levosimendan (n=g)
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h 4
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(n=257)
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(n=248)

*  Study drug interruption (n= 12)

= Death before starting study drug (n=0]
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Other protocol deviatlon [n=2)

* Intervention unblinded (n=5)

* Received open label levosimendan (n=2)
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Lost to follow-up (n=0) I

k 4
Analyzed by ITT
{m=248)

Fig. 1. Study flow-chart. DNR: do-not-resuscitate; ECMO: extracorporeal membrane oxygenation; ITT: intention-to-treat. Modified from Landoni et al. (9).

ous myocardial infarction, baseline serum creatinine, baseline hemat-
ocrit, MAP at randomization, duration of CPB, chronic therapy with
ACE inhibitors and mitral valve surgery. Most of these factors are
unmodifiable, baseline characteristics. For most of them, the associ-
ation with worse long-term outcome is not surprising. Chronic lung
and kidney disease, preoperative anemia, history of myocardial in-
farction, female sex, and prolonged duration of CPB are well known
risk factors for postoperative mortality [23-27]. Of note, preopera-
tive anemia is the only baseline modifiable risk factor, and studies in-
vestigating whether optimization of preoperative red cells mass im-
proves outcome are ongoing. Interestingly, age and left ventricular
ejection fraction were not associated with increased 1-year mortality
risk in our study. In addition, chronic therapy with ACE inhibitors
and mitral valve surgery were identified as potential protective fac-
tors. Preoperative administration of ACE inhibitors in car-

diac surgery remains a controversial issue, with some studies reporting
improved outcome and increased myocardial protection, and others sug-
gesting an increased risk for perioperative hypotension and adverse re-
nal outcome [28,29]. The favorable effect observed in our study may be
related to the cardioprotective effect of ACE inhibitors [30] or may sim-
ply be a marker of optimized preoperative therapy. We did not collect
data on preoperative discontinuation of chronic medication, therefore
we are unable to draw conclusions on the beneficial effect of withhold-
ing ACE inhibitors in the 24 h preceding cardiac surgery.

Identification of mitral valve surgery as a protective mechanism
is also unexpected and should be taken with caution, as mitral valve
surgery is generally associated with a worse outcome compared with
other cardiac surgical procedures. Mitral valve surgery is associated
with a high risk of postoperative LCOS due to afterload mismatch
[31,32]. However, the associated depres-
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Table 1
Mortality at different time-points.

Levosimendan Difference P
Outcome (N = 248) Placebo (N = 258) (95% CI) value
No. No.
with with
missing missing
Value data Value data
ICU 24 0 19 0 2.3(-2.6 0.35
mortality — (9.7%) (7.4%) to 7.2)
no. (%)
Hospital 31 0 31 0 0.5 (-5.2 0.87
mortality — (12.5%) (12.0%) t0 6.2)
no. (%)
30-day 32 0 33 0 0.1 (-5.7 0.97
mortality — (12.9%) (12.8%) to 5.9)
no. (%)
1-year 41 0 47 1 -1.8 0.60
mortality — (16.5%) (18.3%) (-8.4to
no. (%) 4.9)

CL: confidence interval; ICU: intensive care unit.

Kaplan-Meier survival estimates

o
S
) KL‘
u
™~
—_o
s
g
=3
@
‘oo— 8 i Placebo
E‘ o Levesimendan
=
©
o
g
Oy
o~
(=]
8
S Tlogrank st p=084 i . . ] .
0 60 120 180 240 300 380
Days from Randomization
Number at risk
Placebo 257 224 218 218 215 21 210
Levosimendan 248 217 212 210 209 208 207

Fig. 2. Kaplan—Meier survival estimates of all-cause 1-year mortality.

Table 2
Predictors of 1-year mortality among baseline characteristics at the multiple logistic re-
gression analysis.

Variable OR 95% CI P value
Randomization to levosimendan 0.97 0.57 to 1.68 0.93
History of COPD 3.61 1.79 to 7.27 <0.001
Duration of CPB 1.01 1.00 to 1.01 <0.001
Baseline hematocrit ° 0.94 0.91 to 0.97 <0.001
Female sex 2.26 1.28 to 3.99 0.01
History of myocardial infarction 2.19 1.22 to 3.94 0.01
Chronic ACE-inhibitors therapy 0.50 0.28 t0 0.88 0.02
MAP at randomization © 0.98 0.96 to 0.99 0.02
Baseline serum creatinine * 1.60 1.02 to 2.53 0.04
Mitral valve surgery 0.56 0.32 to 0.99 0.049

ACE = angiotensin-converting enzyme; CPB = cardiopulmonary bypass; CI = confidence
interval; COPD = chronic obstructive pulmonary disease; MAP = mean arterial pressure;
OR = odds ratio.

2 For one minute increase.

> For one percentage point increase.

¢ For one mmHg increase.

4 For one mg/dL increase.

sion in myocardial function is generally transient and recovers sponta-
neously, requiring only short-term circulatory support. On the contrary,
development of LCOS after coronary artery bypass grafting (CABG), aor-
tic valve or aortic surgery may be related to different mechanisms (e.g.
poor myocardial protection, myocardial ischemia) leading to a more
severe degree of heart injury that potentially affect long-term progno-
sis. Notably, more than 50% of patients enrolled in our study under-
went combined procedures including double- or triple-valve surgery,
aortic-valve surgery, or CABG + valve surgery, while previous studies on
LCOS or need for inotropic support generally focused on a specific pro-
cedure (isolated CABG, isolated aortic valve, or isolated mitral valve
surgery).

Significance of study findings.

Overall, evidences from previous RCTs suggest that treatments ad-
dressing the primary cause of the disease (i.e. revascularization for coro-
nary artery disease) have a disease-modifying effect that become evi-
dent once the acute condition has been stabilized. Conversely, support-
ive treatments such as levosimendan and IABP are unable to provide
survival benefits neither at short-term nor at long-term.

This is a common finding in other critical care settings, where mRCTs
comparing different vasopressors or inotropes have generally failed to
show significant survival benefits [33].

Indeed, available guidelines only provide general recommendations
with low level of evidence for the choice of different inotropes in vari-
ous settings [5,34-38].

Our study demonstrates that the treatment of patients already being
supported with high-dose catecholamines after cardiac surgery with (rel-
atively) low-doses of levosimendan does not provide a long-term mor-
tality benefit as compared with placebo.

Our findings do not confirm results of meta-analyses of RCTs sug-
gested a mortality reduction associated with levosimendan administra-
tion both overall and in the specific cardiac surgery subpopulation [6,7].
However, meta-analyses should be considered hypothesis-generating,
with high-quality mRCTs carrying the highest level of evidence. Notably,
recent meta-analyses on levosimendan use found no beneficial effect on
mortality with levosimendan when only low-risk-of-bias studies where
analyzed [39,40].

Strengths and limitations of the study.

The CHEETAH trial was a pragmatic, international mRCT, thereby
designed to carry the highest degree of external validity and level of ev-
idence [41,42]. At the same time, we cannot exclude that a more strict
protocol for hemodynamic management and earlier administration of
levosimendan (i.e. preoperative or intraoperative) would have yielded
different results, although both the LICORN and LEVO-CTS demon-
strated that also preoperative administration do not confer additional
benefit. Yet, all major RCTs on levosimendan use failed to demonstrate
significant benefits in terms of mortality regardless of the clinical setting
[43-46]. Similarly, higher doses might have exerted a more pronounced
hemodynamic effect. However, this usually come at expense of higher
catecholamines doses and higher incidence of side effects [46]. Due to
the pragmatic nature of the study, choice of hemodynamic monitor-
ing and concomitant treatment was at discretion of attending clinicians.
Even if we can not exclude that few patients with primary vasoplegic,
hypovolemic or obstructive shock might have been enrolled, this pos-
sibility is highly unlikely. Only 1.6% of patients were receiving norep-
inephrine only at randomization, mean cardiac index at randomization
(i.e. after fluid status optimization and under full inotropic support) was
2.2 L/min/m?, and most of the patients were still on inotropes on day 3
following randomization. All of these data are consistent with the clin-
ical picture of myocardial dysfunction. Most patients were treated with
high-dose (3-adrenergic agonists, that in some early studies have been
shown to blunt the inotropic effect of levosimendan [47]. However,
while designing the study, we believed that avoiding completely use
of catecholamines would have been unfeasible and unethical. Similarly,
use of levosimendan has been shown to be more effective than dobut-
amine in patients receiving chronic beta-blocker therapy, but pre-speci-
fied subgroup analyses showed no significant subgroup interaction [9].
At univariate analyses, several variables had a p-value <.1 for mortal-
ity. As per convention, a logistic regression should include not more
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than one variable per 10 events, therefore sample size and event rate
may not be appropriate to allow firm conclusions. Finally, we limited
our 1-year follow-up to mortality data, while we did not collect data on
long-term quality of life, ventricular function, or renal outcome.

Future studies and perspectives.

Despite negative results, several investigators believe that there
might be room for future trials on levosimendan use. The most promis-
ing settings remain the preoperative optimization of patients with se-
verely reduced LVEF undergoing CABG [48] and intermittent levosi-
mendan administration in patients with advanced chronic heart failure
with the aim of improving quality of life and reducing hospitalizations
for acute decompensations [49].

5. Conclusions

In this international mRCT, levosimendan administration in cardiac
surgery patients with perioperative LCOS did not result in improved
1-year survival. Overall, 1-year mortality of patients with LCOS was
17.4%. Independent risk factors for 1-year mortality are non-modifiable
and include: female sex, history of COPD, previous myocardial infarc-
tion, baseline serum creatinine, baseline hematocrit, MAP at randomiza-
tion, and duration of CPB.
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