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Abstract

Objectives: Calcium sensitizers have been shown to improve outcomes in patients with low

cardiac output syndrome (LCOS) after cardiac surgery. We assessed the effects of levosimendan

on LCOS in cardiac surgical patients to identify outcome predictors.

Methods: A total of 106 patients in whom LCOS persisted despite conventional therapy addi-

tionally received 0.1 mg/kg/min of levosimendan for 24 hours according to a defined treatment

algorithm. Baseline and treatment data as well as hemodynamic and outcome parameters were

compared between survivors and nonsurvivors, and a multivariate correlation and regression

tree analysis was implemented.

Results: The ejection fraction significantly increased from 27%� 4% to 38%� 8% within

24 hours and to 45%� 10% within 48 hours of starting levosimendan. These changes were

accompanied by a significant increase in cardiac output from 5.2� 0.6 to 6.2� 0.7 L/min within

24 hours and significant dose reductions in vasopressors and inotropes. In contrast to non-

survivors, survivors’ need for inotropic support decreased after the addition of levosimendan

to the therapy.

Conclusion: In our patients, all of whom were treated according to the same algorithm,

the response to levosimendan in terms of the post-levosimendan need for inotropes and

vasopressors predicted survival.
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Introduction

Low cardiac output syndrome (LCOS) is a
severe and potentially fatal complication
after cardiac surgical procedures.
Although the threshold of implementing
mechanical circulatory assistance is not as
high as in the past, pharmacological thera-
py is still the mainstay of therapy for
LCOS. However, the range of available ino-
tropic medications is limited and essentially
consists of catecholamines and phosphodi-
esterase inhibitors.1–4

About two decades ago, these therapies
were supplemented by levosimendan, an ino-
dilator that exerts its calcium-sensitizing
effect by specific interaction with the
calcium-sensor troponin C molecule in car-
diac myofilaments. Levosimendan also has a
phosphodiesterase-inhibiting effect and
causes activation of both ATP-sensitive sar-
colemmal potassium channels of smooth
muscle cells (which is reportedly a powerful
vasodilator mechanism) and ATP-sensitive
potassium channels in the mitochondria.
Thus, levosimendan potentially extends the
range of cellular actions toward the modula-
tion of mitochondrial ATP production,
implicating a pharmacological mechanism
for cardioprotection. The neurohumoral
alterations evoked by levosimendan suggest
an immunomodulatory profile that may be
capable of mobilizing a whole variety of car-
dioprotective mechanisms.5

Levosimendan is the most thoroughly
investigated inotrope of the last 20 years,
and its hemodynamic effect has been
widely described in both randomized
controlled and observational trials.

Levosimendan essentially improves cardiac
performance without increasing myocardial
oxygen consumption or changing myocar-
dial substrate utilization.6 However, its
application in cardiac surgery is controver-
sial because conflicting results have been
reported from a multitude of studies,
including randomized trials.

Rather than comparing patients receiv-
ing levosimendan with a control group, we
examined the application of levosimendan
as an integral component of a fixed treat-
ment algorithm in patients with LCOS after
cardiac surgery. In addition to investigating
the effects of postoperative levosimendan
treatment, we examined the differences
between the response to levosimendan
treatment in survivors and nonsurvivors to
identify outcome predictors.

Patients and methods

We identified all patients who received lev-
osimendan for LCOS during a 1-year
period according to the treatment algorithm
of our institution’s cardiac surgical inten-
sive care unit (ICU). Hemodynamics, phar-
macological therapy, and outcomes were
retrospectively analyzed. Postoperative
therapy with inotropes and vasopressors
was guided by echocardiography and
hemodynamic measurements. The first-
choice therapy consisted of a combination
of epinephrine, milrinone, and norepineph-
rine. Vasopressor support was supple-
mented by vasopressin (maximum dosage
of 0.04U/min) if the norepinephrine
dosage exceeded 0.5 mg/kg/min. Iloprost
inhalation (10mg every 4 h) was used in
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patients with right ventricular dysfunction as
proven by echocardiography or pulmonary
artery catheterization. Pharmacological ther-
apy was escalated as needed during the first
6 hours after weaning from cardiopulmo-
nary bypass (CPB). Volume and electrolyte
optimization were an integral part of treat-
ment. Continuous infusion of levosimendan
at a rate of 0.52 mg/hour was started with-
out a loading dose and continued for
24 hours in patients in whom LCOS per-
sisted after a cumulative dosage of epineph-
rine and/or milrinone of �1.5 mg/hour (i.e.,
approximately 0.3mg/kg/min for a 75-kg
patient) had been administered for 6 hours
after weaning from CPB (Figure 1).

LCOS was defined as hemodynamic
compromise with evidence of organ
dysfunction and/or a cardiac index of
<2.0 L/min/m2. Patients with a postopera-
tive left ventricular ejection fraction (EF) of
�40% were excluded.

Hemodynamic monitoring was per-
formed by means of a pulmonary artery
catheter or the PiCCOVR system (Pulsion
Medical Systems SE, Munich, Germany)
in all patients. The central venous pressure,
mean arterial pressure (MAP), and mean
pulmonary arterial pressure (MPAP) were
continuously monitored. Cardiac output
(CO), the cardiac index, systemic vascular
resistance, pulmonary vascular resistance,

Figure 1. Treatment algorithm.
CPB, cardiopulmonary bypass; IABP, intra-aortic balloon pump; LCOS, low cardiac output syndrome;
RV, right ventricular.
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and the pulmonary capillary wedge pressure
were measured as needed but at least once
every 2 hours. Echocardiography was per-
formed as needed. Echocardiographic deter-
mination of left ventricular function was
performed at least twice during the initial
6-h period (i.e., upon admission to the ICU
and before commencement of levosimendan
infusion) and at least once every 12 hours
during the administration of levosimendan
and the subsequent 24-h observation period
(Figure 2). Assessment of the EF was per-
formed by experienced senior physicians.

For the purposes of this study, the
parameters obtained from 6 hours before
to 48 hours after the initiation of treatment
with levosimendan were collected and eval-
uated. Medication doses documented
throughout the periods shown in Figure 2
were evaluated. For vasopressors and ino-
tropes, the maximum doses recorded during
the respective periods were indicated. For
iloprost, which was administered according
to a fixed schedule, the cumulative doses
administered during the respective periods
were indicated.

According to institutional guidelines,
approval by an ethics review committee
was not required because our study was
limited to a retrospective data analysis.
For this reason, the patients were not
required to provide consent.

Statistical analysis

Continuous variables are expressed as
mean� standard deviation, and categorical

variables are expressed as number and per-
centage. Patients were categorized into sur-
vivors and nonsurvivors as well as into
subgroups depending on the type of proce-
dure they had undergone. For evaluation of
between-group differences, parametric and
nonparametric variables were compared
using Student’s t-test and the Mann–
Whitney U-test, respectively. Binary varia-
bles were analyzed using the chi-square test.
Changes in parameters across time (e.g.,
dosage of catecholamines) were analyzed
by means of repeated-measures analysis of
variance using the time point as a within-
subject variable and survival as a between-
subject variable. Parameters for which
statistically significant differences were
shown were additionally included in a mul-
tivariate analysis using a correlation and
regression tree (CART) model, which is
capable of dividing collectives into meaning-
ful subsets, thus identifying the most impor-
tant discriminating factor between two
groups and providing a predictive capability
rather than a simple association. All analyses
were performed using SPSS software version
18.0 for Windows (SPSS, Inc., Chicago, IL,
USA). A p-value of <0.05 was considered
statistically significant.

Results

In total, 106 cardiac surgical patients (mean
age, 62.6� 13.6 years; 75.5% male) were
enrolled in this retrospective analysis.
Their mean EuroSCORE I was 10.7� 4.2,
and their mean preoperative left ventricular

Figure 2. Treatment and evaluation periods.
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EF was 36.2%� 17%. A total of 28

(26.4%) patients underwent aortic valve

surgery, 26 (24.5%) underwent coronary

artery bypass grafting (CABG), 19

(17.9%) underwent heart transplantation,

13 (12.3%) underwent double valve sur-

gery, 11 (10.4%) underwent mitral valve

surgery, 3 (2.8%) underwent tricuspid

valve surgery, and 6 (5.7%) underwent

other procedures. The cohort comprised a

considerable proportion of high-risk

patients as evidenced by EuroSCOREs of

6.7� 4.0 to 12.5� 8.0 and American

Society of Anesthesiologists (ASA) scores

of 3.4� 0.5 to 4.1� 0.3 among the different

subgroups. Demographic and baseline data

for these groups are shown in Table 1.
All 106 patients received levosimendan

according to our treatment algorithm

when standard treatment failed. By the

time levosimendan was added to their ther-

apies, 42 (40%) patients had been undergo-

ing intra-aortic balloon pump therapy for

up to 6 hours without a sufficient effect.

Intra-aortic balloon pump therapy was con-

tinued throughout the 48-h period follow-

ing the commencement of levosimendan

infusion. The dosages of both vasopressors

and inotropes could be substantially

reduced within 48 hours from initiation of

therapy with levosimendan, as shown in

Table 2.
The EF significantly improved

from 27%� 4% to 38%� 8% within 24

hours of starting levosimendan and to

45%� 10% within 48 hours of starting

levosimendan (p< 0.05). The MAP also

showed a continuous and statistically sig-

nificant increase throughout the 48-hour

period from 67� 10 to 80� 9mmHg and

to 83� 9 mmHg (p< 0.05). The MPAP

simultaneously decreased from 31� 7

mmHg before levosimendan to 24� 6 and

23� 6 mmHg during the first and second

24-hour period after initiation of levosi-

mendan, respectively. These differences

were not statistically significant. The CO

showed a statistically significant increase

from 5.2� 0.6 L/min at initiation of treat-

ment to 6.2� 0.7L/min during the first

24 hours (p< 0.05), then slightly decreased

to 5.9� 0.6 L/min during the second

24 hours (Table 3). Notably, these

improvements occurred despite the above-

described tapering of inotrope and vaso-

pressor dosages.
The overall 30-day mortality rate was

34.9% (n¼ 37) and was not associated

Table 1. Demographic and preoperative baseline characteristics.

AVS

28 (26.4%)

CABG

26 (24.5%)

HTX

19 (17.9%)

DVS

13 (12.3%)

MVS

11 (10.4%)

TVS

3 (2.8%)

Other

6 (5.7%)

Age, years 66.7� 12.7 65.9� 8.3 48.2� 13.4 70.7� 9.3 64.6� 12.9 69.7� 10.3 51.0� 11.1

EuroSCORE, points 10.5� 3.5 11.0� 2.8 10.8� 4.3 11.9� 4.9 9.0� 5.0 6.7� 4.0 12.5� 8.0

ASA class, points 3.6� 0.6 3.8� 0.6 4.1� 0.3 3.6� 0.7 3.4� 0.5 3.7� 0.6 3.8� 0.9

NYHA class, points 3.0� 0.5 3.3� 0.5 3.6� 0.5 3.2� 0.6 3.0� 0.6 3.0� 0.0 3.3� 0.6

EF, % 40� 15 33� 12 19� 8 43� 16 46� 21 61� 10 25� 22

Bilirubin, mg/dl 1.2� 0.6 0.8� 0.3 1.3� 1.0 2.0� 1.0 0.9� 0.3 1.5� 0.5 1.5� 0.9

Creatinine, mg/dl 1.6� 1.7 1.2� 0.3 2.0� 1.9 1.4� 1.0 1.6� 0.6 1.5� 0.7 1.6� 0.7

Female, % 25.0 19.2 15.8 46.2 27.3 0.0 33.3

Diabetes, % 28.6 46.2 10.5 23.2 0.0 33.3 0.0

Arterial

hypertension, %

67.9 65.4 10.5 53.8 63.6 66.7 16.7

Data are presented as mean� standard deviation or percentage of patients. AVS, aortic valve surgery; CABG, coronary

artery bypass grafting; HTX, heart transplantation; DVS, double valve surgery; MVS, mitral valve surgery; TVS, tricuspid

valve surgery; ASA, American Society of Anesthesiologists; NYHA, New York Heart Association; EF, ejection fraction.
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with a poor preoperative EF (<35%). No
significant differences in age; the preopera-
tive left ventricular EF; the EuroSCORE;
or the Canadian Cardiovascular Society,
New York Heart Association, or ASA clas-
sification scores were found between survi-
vors and nonsurvivors.

The CART analysis (Figure 3) showed
that the response to levosimendan treat-
ment significantly differed between survi-
vors and nonsurvivors in that the need for
inotropic support with epinephrine after
termination of the levosimendan infusion
was significantly lower in survivors
(p< 0.05). Patients in whom the need for
inotropic support with epinephrine (delta
epinephrine) increased by >0.15 mg/hour
compared with the dosage at the beginning
of levosimendan treatment within 24 hours

after termination of the levosimendan infu-
sion had a mortality rate of 85.7%; in con-
trast, the mortality rate of those in whom
such an increase in the need for inotropic
support was not present was only 27.2%.

Within the group of patients in whom a
>0.15-mg/hour post-levosimendan increase
in the epinephrine dosage did not occur, a
subgroup with a particularly low mortality
rate was identified: those in whom the initial
dosage of epinephrine (initial epinephrine)
was <1.3mg/hour had a mortality rate of
only 18.8%, while those with an initial epi-
nephrine dosage of >1.3mg/hour had a
mortality rate of 46.4%.

Further stratification of patients with an
initial epinephrine dosage of <1.3mg/hour
and a post-levosimendan increase in the
need for inotropes of <0.15mg/hour

Table 2. Changes in inotrope, vasopressor, and iloprost dosages during periods 1 and 2.

Pre-levosimendan Period 1 Period 2

Epinephrinea, mg/h 1.3� 1.2 0.4� 0.4* 0.3� 0.4*

Norepinephrinea, mg/h 1.0� 0.8 0.3� 0.3* 0.15� 0.2*

Milrinonea, mg/h 1.5� 0.6 0.9� 0.7* 0.8� 0.9*

Iloprostb, m/d 54� 10 43� 11* 32� 20*

IABP 42 (40) 42 (40) 42 (40)

Data are presented as mean� standard deviation or n (%).

Period 1: within 24 hours from the initiation of treatment with levosimendan; Period 2: >24 to

<48 hours from the initiation of treatment with levosimendan; IABP, intra-aortic balloon pump.
aMaximum doses used during the respective period.
bCumulative doses used during the respective period.

*p< 0.05 in comparison with pre-levosimendan values.

Table 3. Hemodynamic changes during periods 1 and 2.

Pre-levosimendan Period 1 Period 2

Ejection fraction, % 27� 4 38� 8* 45� 10*

Cardiac output, L/min 5.2� 0.6 6.2� 0.7* 5.9� 0.6

MAP, mmHg 67� 10 80� 9* 83� 9*

MPAP, mmHg 31� 7 24� 6 23� 6

Data are presented as mean� standard deviation.

Period 1: within 24 hours from the initiation of treatment with levosimendan; Period 2: >24 to

<48 hours from the initiation of treatment with levosimendan. MAP, mean arterial pressure;

MPAP, mean pulmonary arterial pressure.

*p< 0.05 in comparison with pre-levosimendan values.
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yielded a cut-off in the preoperative

EuroSCORE. Mortality in those with a

EuroSCORE of 11.5 was 41.2%, while

mortality in those with a EuroSCORE of

�11.5 was 10.6%.

In patients receiving levosimendan for

LCOS in the framework of a defined treat-

ment algorithm, a post-levosimendan

increase in the epinephrine dosage by

>0.15mg/hour and an initial dosage of

Figure 3. Multivariate correlation and regression tree analysis of survivors versus nonsurvivors.
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epinephrine of <1.3 mg/hour were associat-
ed with particularly high and low mortality,
respectively.

Discussion

The use of levosimendan in cardiac surgical
patients is not a recent idea as evidenced by
a considerable number of studies investigat-
ing levosimendan versus either placebo or
other inotropes (summarized, for example,
by Toller et al.7). Prophylactic levosimen-
dan did not reduce the rates of death,
renal replacement therapy, perioperative
myocardial infarction, or use of mechanical
cardiac assist devices in patients with a low
left ventricular EF undergoing on-pump
cardiac surgery.8 Additionally, a trial com-
paring low-dose levosimendan administered
in addition to standard care in patients
requiring hemodynamic care after cardiac
surgery versus placebo was even stopped
due to futility because no significant differ-
ences were found between levosimendan
and placebo in terms of 30-day mortality,
the duration of mechanical ventilation, the
length of hospital stay, or the rates of hypo-
tension and cardiac arrhythmia.9 Similarly,
the findings of a randomized trial compar-
ing levosimendan versus placebo in patients
with poor left ventricular function undergo-
ing CABG did not support the use of levo-
simendan in this setting.10

In contrast, a meta-analysis of 177 ran-
domized trials comprising >28,000 patients
showed a reduction in mortality associated
with inotrope therapy in the setting of car-
diac surgery and demonstrated that levosi-
mendan was the only substance associated
with a significant improvement in surviv-
al.11 The authors of the 2015 European
Expert Opinion on the Preoperative and
Perioperative Use of Levosimendan in
Cardiac Surgery recommend the preopera-
tive use of levosimendan in patients with
compromised myocardial function, includ-
ing poor right ventricular function.12

Previous recommendations for the use of
levosimendan in patients undergoing cardi-
ac surgery (e.g., avoidance of bolus admin-
istration) are reflected by our treatment
algorithm, which also requires volume and
electrolyte optimization, simultaneous nor-
epinephrine administration, optimization
of diuretics, and discontinuation of
b-blockers. However, our approach is spe-
cific in that levosimendan was used as part
of the postoperative treatment only. Rather
than randomizing patients to treatment
with levosimendan versus conventional ino-
tropes, we treated all patients according to
the same fixed algorithm that was estab-
lished as part of our standard treatment of
LCOS and required levosimendan to be ini-
tiated when LCOS persisted after treatment
with conventional inotropes, vasopressors,
and volume and electrolyte optimization for
6 hours after weaning from CPB.

This approach was established in accor-
dance with the recommendation expressed
by Toller et al.7 to prevent levosimendan
from being used as a last resort; i.e., from
being delayed until all other strategies have
failed and organ failure is already present.
Additionally, our treatment algorithm
ensures application of levosimendan in a
controlled and well-established fashion
within a relatively short period from the
onset of postoperative LCOS. This not
only prevents delays in the initiation of
treatment with and uncontrolled use of lev-
osimendan, but also improves the compara-
bility of data between patients and
eliminates differences in outcomes that
might otherwise have occurred due to dif-
ferences in the timing of therapy with levo-
simendan. Additionally, our approach with
simultaneous administration of vasopres-
sors and conventional inotropes reflects
clinical reality and allows us to monitor
and evaluate the reductions of catechol-
amines, phosphodiesterase inhibitors, and
vasopressor doses enabled by levosimendan
as parameters reflecting its effectiveness.
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The significant improvement in our
patients’ EF that occurred during and
after administration of levosimendan
resembles the findings of several other stud-
ies involving cardiac surgical patients.
However, it must be acknowledged that
the hemodynamic conditions associated
with recovering from cardiac surgery are
complex, and caution must be exerted in
attributing the improvement in the EF to
one single component of a complex treat-
ment algorithm.

The significant reductions in the inotrope
and vasopressor dosages that were achieved
in our patients during and after administra-
tion of levosimendan, however, reflect the
findings of previous studies such as those
by De Hert et al.13 and Levin et al.14

These authors compared levosimendan
with milrinone and dobutamine, respective-
ly, in patients undergoing CABG and
reported a significantly lower need for ino-
tropes and vasopressors in patients treated
with levosimendan. In the course of these
two studies, during which levosimendan
was administered after releasing the cross
clamp13 and in which LCOS was diagnosed
within the first 6 hours after surgery,14

respectively, the additional benefits of levo-
simendan were a significantly higher stroke
volume index despite similar filling pres-
sures and shorter mechanical ventilation
times in the levosimendan than milrinone
group13 and significantly lower postopera-
tive mortality in the levosimendan than
dobutamine group.14

In contrast, Gandham et al.15 reported
findings that suggested an increased
requirement of inotropes and particularly
vasopressors in cardiac surgical patients
receiving levosimendan. In their study, the
effects of levosimendan and dobutamine
administered for weaning from CPB were
compared in patients undergoing mitral
valve surgery.15 These findings, especially
with regard to the vasopressor dosage,
also contrast the findings in our study

population, in which the decrease in system-
ic vascular resistance was not statistically
significant while a significant increase in
MAP, accompanied by a reduction in vaso-
pressors and inotropes, occurred from the
initiation of therapy with levosimendan and
lasted until the end of the 48-h observa-
tion period.

The use of levosimendan in patients with
coronary artery disease has been investigat-
ed in a substantial number of studies that
have suggested benefits beyond a mere pos-
itive inotropic effect. These benefits include
restoration of ventriculoarterial coupling,
increases in tissue perfusion, anti-stunning
and anti-inflammatory effects,16,17 reduc-
tions in the size of hypokinetic segments,17

reductions in the incidence of myocardial
infarction,18 and anti-ischemic,19 anti-
remodeling,20 and anti-apoptotic effects.21

Levosimendan has also been variously
used and recommended to treat primary
graft failure after heart transplantation.22–
24 The reported effects in this highly specific
patient subset included significant improve-
ments in CO, MAP, and MPAP; significant
increases in EF; reductions in the need for
inotropic support;25 and improved reno-
protective properties.15,26

In our study, worse survival was associ-
ated with the development of a need for
inotropic support following levosimendan
infusion. This finding was not unexpected
because an increasing need for inotropic
support is a sign of a poor response
not only to levosimendan but also to the
accompanying inotropes. Therefore, an
increasing need for inotropic support after
administration of levosimendan must be
interpreted as not only non-response to lev-
osimendan but also a surrogate of the
patient’s poor response to all inotropes
administered. In this sense, it certainly her-
alds a poor outcome, which is evidenced by
the mortality rate of >85% versus 27% we
found in those in whom inotropic support
increased by >0.15 mg/hour compared with

3510 Journal of International Medical Research 47(8)



the dosage at the beginning of levosimen-

dan treatment within 24 hours after termi-

nation of the levosimendan infusion.
Our study has several limitations. First,

our patient cohort was very heterogeneous

in terms of the procedures performed.

However, this reflects the conditions pre-

vailing in the average cardiac surgical

ICU. Comparison between survivors and

nonsurvivors was enabled by the fact that

levosimendan was applied according to

the same treatment algorithm in all

patients. A control group was not included

because the study focused on illustrating

the function of a clinical treatment algo-

rithm comprising the administration of

levosimendan at a predefined stage and

highlighting the different responses to treat-

ment in survivors and nonsurvivors.

Conclusions

Our results, supported by the findings of

recent reviews and meta-analyses, suggest

that levosimendan is a useful component

of an algorithm for the treatment of

LCOS after cardiac surgery. A post-

levosimendan increase in the need for ino-

tropes should be considered an indicator of

a poor prognosis. In a given patient, such

an increase in the need for inotropes during

and after treatment with levosimendan sug-

gests that the effect of the therapy is not as

favorable as expected and may aid intensiv-

ists in decision-making.
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