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Prophylactic use of levosimendan
In preoperative setting for surgical
repair of congenital heart disease
in children

, L. Boillat’ ®, M. H. Perez’* and S. Di Bernardo'

Pediatric Cardiology, Women-Mother-Child Department, Lausanne University Hospital and University of
Lausanne, Lausanne, Switzerland, ?Pediatric Intensive Care Unit, Women-Mother-Child Department,
Lausanne University Hospital and University of Lausanne, Lausanne, Switzerland

L. Wannaz'

Introduction: Low cardiac output syndrome (LCOS) is a significant cause of
morbidity and the leading cause of mortality after pediatric cardiac surgery.
Levosimendan has been shown safe and effective in pediatrics to treat LCOS.
We aimed to review our local strategy with preoperative prophylactic
Levosimendan infusion to minimize LCOS after heart surgery in identified
high-risk patients.

Methods: Retrospective monocentric study. As there is no reliable cardiac output
measurement in children, we recorded hemodynamic parameters as surrogates of
cardiac output after extracorporeal circulation through an electronic patient survey
system at different time points.

Results: Seventy-two children received Levosimendan before surgery between
2010 and 2019. As expected, most patients were newborns and infants with
prolonged open-heart surgeries. Median cardiopulmonary bypass time was
182 [137-234] min, and aortic clamping time was 95 [64-126] min. The
postoperative hemodynamic parameters, vasoactive-inotropic score, and urine
output remained stable throughout the first 48 h. Only a tiny portion of the
patients had combined surrogate markers of LCOS with a maximal median
arterial lactate of 2.6 [1.9-3.5] mmol/L during the first six postoperative hours,
which then progressively normalized. The median arterio-venous difference in
oxygen saturation was 31 [23-38] % between 12 and 18 h post-surgery and
gradually decreased. The median venous-to-arterial CO2 difference was the
highest at 10 [7-12] mmHg between 12 and 18 h post-surgery. Nine patients
(13%) required extracorporeal membrane oxygenation. No patient required
dialysis or hemofiltration. Mortality was 0%.

Conclusion: Before congenital heart surgery, preoperative prophylactic
administration of Levosimendan seems effective and safe for decreasing
occurrence and duration of LCOS in high-risk children.

KEYWORDS

congenital heart disease, cardiac surgery, intensive care, low cardiac output syndome,
levosimendan

Introduction

Low cardiac output syndrome (LCOS) defines a post-surgical state where the
imbalance between oxygen supply and demand in the body results in hypoxemia, end-
organ ischemia, and multiple organ failure. LCOS is an important cause of morbidity,
leading to prolonged mechanical ventilation (MV) and hospital stay, and one of the
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leading causes of mortality after pediatric cardiac surgery (1-3).
The literature evaluates its incidence as up to 25%, mainly
between 6 and 18 h after surgery (3, 4). LCOS can be explained
by cardioplegia, reperfusion-ischemia, inflammatory process,
and pulmonary and systemic vascular resistance alteration due
to extracorporeal circulation (ECC) (4-6). The underlying
physiologic alteration from congenital heart disease also should
not be forgotten in LCOS development. Major risk factors for
developing LCOS are multiple and well-described (7, 8). The
principal ones are related either to cardiac surgery (technical
difficulty of the surgery; long cardiopulmonary bypass (CPB)
time (>60 min) and long aortic cross-clamping (ACC) time) or
to the basal characteristics of the patient at surgery (young age
(<4 vyears old), hypoxemia (<93% of oxygen saturation),
myocardial dysfunction, severe right ventricular hypertrophy).
Non-invasive techniques in pediatrics cannot precisely measure
cardiac output (4, 9). Therefore, in children, LCOS diagnostic is
based on a pool of hemodynamic parameters and clinical signs
used as surrogates of cardiac output. In literature, the most
frequently used parameters are tachycardia, hypotension, poor
perfusion, oliguria, low central venous oxygen saturation
(SvO2), high venous-to-arterial pCO2 difference (DavCO2),
increased arterial lactate level, and an increase in vasoactive-
inotropic support (3, 6, 10).

Levosimendan was first described in 1995 by Haikala et al. (11);
its action stabilizes the cardiac troponin C conformation after
binding with calcium, enhancing cardiomyocyte contraction
(11-13). Levosimendan’s inotrope activity results in a dose-
dependent improvement of cardiac output, stroke volume, and
heart rate. It demonstrates a vasodilatative action and reduces
cytokine levels by activating K-ATP channels (14-17). Contrary
to other calcium sensitizers, Levosimendan does not extend the
cardiomyocyte relaxation phase and therefore does not impair
diastolic function (18-20). The pharmacological profile of
Levosimendan prevents the development of classical secondary
effects of other vasoactive-inotropic drugs like an increase in
oxygen consumption from the myocardium, tachyarrhythmia,
tachyphylaxis, and desensitization of the adrenergic pathway
(3, 6 11, 12, 21).
characterized by a short half-life primary molecule (1h)

Levosimendan’s  pharmacokinetics is
transformed through the liver into an active metabolite (OR-
1896) with a longer half-life (3 days). Then 24-hour perfusion of
Levosimendan could generate effects lasting 1 to 2 weeks
(22, 23). The pharmacological properties of Levosimendan have
been demonstrated to be similar in children and adults, allowing
its use in younger patients (24, 25). In 2017, a Cochrane study
reviewed its prophylactic use in pediatric patients undergoing
surgery for congenital heart disease. The authors conclude that
the current level of evidence is insufficient to judge whether
prophylactic Levosimendan prevents low cardiac output
syndrome and mortality (26).

In this unclear context, we aimed to review our local
strategy with preoperative prophylactic Levosimendan infusion

in high-risk pediatric patients to minimize LCOS after heart
surgery.
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Material and methods

Our study is retrospective and descriptive. It takes place in the
pediatric intensive care unit (PICU) of Lausanne University Center,
Switzerland. It is a tertiary care teaching center with approximately
200 pediatric open-heart surgeries annually.

Study design and patients

We reviewed nine years (2010-2019) of prophylactic
Levosimendan administration for cardiac surgery in our PICU.
We  selected all

Levosimendan before cardiac surgery, apart from interventions

cardiac surgery patients who received
without CPB, heart transplantation or ventricular assist device
implantation. In our centre, only patients at high-risk for LCOS
receive prophylactic Levosimendan. The use of prophylactic
Levosimendan is decided on objective factors identified as well as
in literature than in our background, like CPB time >180 min,
ACC time >90 min, systolic dysfunction before surgery and
severe left or right ventricular hypertrophy with diastolic
dysfunction, newborns and infants, but also relies on our
between
cardiologists, intensivists, anesthesiologists and cardiac surgeon.
When with

oxygenation (ECMO) was required after surgery, its data were

interdisciplinary ~team expertise and discussion

circulatory support extracorporeal membrane
included in the population descriptions, but its LCOS data were
not analyzed. Levosimendan’s administration protocol was
identical for every patient, with a total administration of 0.1 mcg/
kg/min for 48 h. Initially, the infusion was started 24-48 h before
surgery, stopped during CPB time, and pursued after CPB
weaning until the total 48-hour infusion was completed. With
gaining experience in this set-up, the Levosimendan’s perfusion
was initiated 12h before open-heart surgery, thus avoiding
hypotension at induction due to the synergic effect between
Levosimendan and anesthetic drugs, and pursued the next 36 h
after the operation. Our centre’s standard vasoactive-inotropic
and postoperative strategy was published in 2017 (27). After
Levosimendan infusion, Milrinone is started as a continuous
infusion with a dose of 0.5 mcg/kg/min and increased to
maximal 0.75 mcg/kg/min for inotropic support if needed. The
vasopressor support with Norepinephrine is adjusted for
maintenance of perfusion pressure if needed, associated with
low-dose Dopamine (3 mcg/kg/min). Electrolytes are strictly
controlled, and MV or non-invasive positive pressure ventilation
(NIPPV) is routinely used. Our center also has a qualified team
to set up and manage ECMO if needed.

All surrogate parameters for LCOS were retrospectively
collected through an electronic patient survey system
(Metavision5®, iMDsoft, Israel). Since admission to PICU, this
patient data management system (PDMS) collects vital signs in
real-time, minute-to-minute, such as ventilation, hemodynamic
parameters, and diuresis. It also records all laboratory findings as

well as drug administration. We also reviewed the operative
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protocols and hospitalization letters through electronic medical
records (Soarian®, Cerner) and echocardiographic data through
our ultrasonography program (IntelliSpace Cardiovascular™).
Vitals signs, LCOS parameters, laboratory findings, and drug
administrations were analyzed at 6-hour intervals until five days
postoperatively. TO was considered to be the end of the CPB time.

We collected the following data from different sources for the
LCOS evaluation: heart rate, mean arterial pressure, mean central
venous pressure, hourly urine output, arterial blood lactate, arterial
hemoglobin saturation, central venous hemoglobin saturation,
arterial CO2 and central venous CO2. The maximal rate of
vasoactive drugs was collected for the calculation of the
Vasoactive-Inotropic Score (VIS), score broadly used and already
described elsewhere (28). To assess LCOS incidence in our
population, we created a score based on established LCOS criteria
of Hummel’s Cochrane review (26) and PRIMACORP trial (3).

Our local ethics committee approved this study and waived the
informed consent.

Statistical analysis

The statistical analysis was performed with Stata 16.0
(StatCorp®). The continuous parameters are presented as median
[interquartile range], and discrete parameters as absolute
numbers (percentage). Comparison of continuous data was
analyzed with the Wilcoxon-Mann-Whitney test and by more
than two with the Dunn’s test. Multiple repeated measurements
were analyzed using the ANOVA test with Bonferroni post-test
inference. Discrete variables were analyzed using Fisher’s exact

test. Statistical significance was inferred at a value of p <0.05.

Results
Population description

Demographic data are shown in Table 1. 72 patients were
included for the analysis with an equal representation of males
(47%) and females (53%). The majority were newborns and
infants, with a median age of 0.5 [0.2-9.2] months and a median
weight of 3.5 [2.9-7.9] Kg. RACHS scores were high (68% of the
patients with a RACHS >4), with the principal diagnosis of
transposition of the great arteries (29%), single ventricle (18%),
and right ventricular outflow tract obstruction (18%).
Perioperative patient’s data are shown in Table 2. The median
CPB time was 182 [137-234] min, with a median ACC time of
95 [64-126] min. Circulatory arrest with preserved cerebral
perfusion was necessary for 17 patients (24%), and the median
minimal body temperature of 32 [25-34] °C was measured
during CPB. Five patients (7%) were weaned from MV
immediately after surgery in the operating room. The remaining
patients had a median MV time of 7.7 [3.0-12.7] days. In 49
patients (68%), MV was relayed by NIPPV for a median time of
23.2 [17.0-35.2] hours. The median length of stay in pediatric
intensive care was 16.7 [10-41] days.
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TABLE 1 Demographic data.

I N=72

Sex

Male 34 (47)
Female 38 (53)
Age (months) 0.5 [0.2-9.2]
Weight (kg) 3.5 [2.9-7.9]
Height (cm) 51 [50-66]
BSA (m2) 0.21 [0.20-0.34]
Cardiac anomaly

TGA 20 (29)
RVOTO 13 (18)
sV 13 (18)
Aortic arch pathology 10 (14)
Other 15 (21)
RACHS score

RACHS 2 7 (11)
RACHS 3 14 (21)
RACHS 4 35 (52)
RACHS 5+6 11 (16)

Data are expressed as N (%) or P50 [P25-P75].

BSA, body surface area; TGA, transposition of the great arteries; RVOTO, right
ventricular outflow tract obstruction; SV, single ventricle; RACHS, risk-adjusted
classification for congenital heart surgery.

TABLE 2 Perioperative data.

v

CPB time (minutes) 182 [137-234]

ACC time (minutes) 95 [64-126]
ECMO 9 (12)
(Days) 5 [4-6]
Cooling system 16 (22)
(Hours) 5 [2-19]
Open chest 40 (56)
(Days) 4 [3-6]
MV 67 (93)
(Days) 8 [3-13]
NIPPV 49 (68)
(Hours) 23 [17-35]
In-hospital stay (days) 17 [10-41]
Preoperative EF (%) 5 [60-68]
Postoperative EF (%) 52 [45-62]
5-days postoperative EF (%) 0 [55-65]
Preoperative SF (%) 39 [30-47]
Postoperative SF (%) 25 [20-32]
5-days postoperative SF (%) 32 [27-37]

Data are expressed as N (%) or P50 [P25-P75].

CPB, cardiopulmonary bypass; ACC, aortic cross-clamping; ECMO, extracorporeal
membrane oxygenation; MV, mechanical ventilation; NIPPV, non-invasive positive
pressure ventilation; EF, ejection fraction; SF, shortening fraction.

Complications
Weaning of CPB was not possible in nine patients (13%), and

they required ECMO with a median support time of 5.4 [4.4-6.0]
days. In thirty-two patients (51%), delayed chest closure occurred
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after a median time of 4.2 [2.9-6.2] days. No patient required
dialysis or hemofiltration. Sixteen patients (22%) required the use
of a cooling system due to postoperative hyperthermia or
[1.7-18.6]

temperature control for a median of 5 hours.

Mortality was 0%.
Outcome analysis

had
Levosimendan followed by Milrinone and vasoactive support

All postoperative patients inotrope support with
with Norepinephrine, and Dopamine. LCOS parameters analysis
are shown in Table 3. No escalation of aminergic support was
required after surgery, represented by stability in VIS during the
first 48 h postoperative with a median between 21 [13-40] in
the first 6h postoperative and 28 [17-42] (not statistically
significant) (Figure 1). Norepinephrine being our commonly
used amine, its median of maximal level during the first 6 h
postoperative per patient was 0.24 [0.02-0.45] mcg/kg/min, then
decreased to 0.20 [0.11-0.41] at 48 h. Median venous-to-arterial
02 saturation difference (DavSO2) was maximal between 12
and 18 h after surgery with 31 [23-38] % [median SvO2 value
of 63 (58-70) %] and decreased gradually after that (Figure 1).
Arterial lactate was maximal in the first 6 h after surgery with a
median of 2.6 [1.9-3.5] mmol/L, then decreased significantly to
normal values <2 mmol/L (Figure 2). Urine output was
preserved after surgery (>1 ml/kg/h) without a significant drop
and significantly increased after 12-18 h (Figure 3). DavCO2
was the highest at 10 [7-12] mmHg between 12 and 18 h post-
surgery, then showed a significant decrease with stabilization at
36-42 h surgery. Postoperative
(Figure 2), median mean arterial pressure, median central

after median heart rate
venous pressure, and median perfusion pressure (Figure 3) were
stable without any significant change, with respective
postoperative values between 12 and 18 h of 145 [120-155]

bpm, 55 [48-65] mmHg, 8 [7-10] mmHg, and 46 [42-57]

10.3389/fped.2023.1205971

Box plot of Vasoactive inotropic score and
venous-to-arterial 02 saturation difference over time
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FIGURE 1
Box plot of vasoactive inotropic score and venous-to-arterial O2
saturation difference over time.

mmHg. Only a tiny portion (5%-8%) of the patients
demonstrated combined surrogate markers of LCOS at intervals.

TABLE 3 Postoperative LCOS parameters (hours post end of extracorporeal circulation).

0-6 h 6-12 h 12-18 h 18-24 h

24-30 h 30-36 h 36-42 h 42-48 h

p-value

Mean HR (bpm) | 137 [127-158] | 144 [118-158] | 145 [120-155] | 142 [124-157] | 141 [119-155] | 127 [121-155] | 131 [121-158] | 137 [122-156] | 0.9640
Mean BP (mmHg) | 59 [55-65] 57 [49-66] 55 [48-65] 57 [52-65] 57 [50-66] 57 [49-65] 57 [51-65] 57 [52-65] 0.7436
CVP (mmHg) 8 [6-10] 8 [6-10] 8 [7-10] 8 [7-11] 8 [6-10] 8 [7-10] 7 [6-10] 8 [6-11] 0.8228
PP (mmHg) 52 [45-56] 48 [42-53] 46 [42-57] 48 [44-55] 48 [43-57] 49 [42-56] 50 [43-56) 50 [44-56] 0.7204
VIS 23 [13-46] 22 [11-40] 21 [13-40] 23 [14-43] 28 [17-42] 25 [13-42] 26 [13-43] 26 [14-43] 0.8412
Urine output 1.6 [1.1-3.6] | 1.3[0.9-2.4] | 1.0 [0.8-1.3]* | 2.2 [1.5-3.3]* | 3.4 [2.0-5.3]*"* | 4.4 [3.0-62]*™% | 53 [3.4-7.4]*"% | 5.8 [4.2-7.8]*"5!l | 0.0001
(ml/kg/hour)

Maximal arterial | 2.6 [1.9-35] | 1.7 [12-2.7]* | 1.6 [L.1-25]* | 1.6 [1.1-22]* | 1.5 [1.2-2.1]* | 1.6 [1.1-22]** | 1.5 [1.0-2.0]* 1.5 [1.1-1.9]* 0.0001
lactate (mmol/L)

DavS02 (%) 28 [20-37] 31 [23-38] 29 [21-37] 27 [21-33] 26 [21-30] 23 [19-27]" 25 [20-30]" 25 [20-30] 0.0049
DavCO2 (mmHg) 8 [3-12] 10 [7-12] 10 [7-12] 8 [5-10] 8 [6-10] 8 [6-10] 8 [5-10]" 7 [5-9]" 0.0047

Data are expressed as P50 [P25-P75]. LCOS, low cardiac output syndrome; HR, heart rate; BP, blood pressure; CVP, central venous pressure; PP, perfusion pressure; VIS,
vasoactive-inotropic score; DavSO2, venous-to-arterial O2 saturation difference; DavCO2, venous-to-arterial pCO2 difference.

Significant p-value for paired comparison with Dunn’s test:
*Compared to 0-6 h.

{Compared to 6-12 h.

fCompared to 12-18 h.

$Compared to 18-24 h.

“Compared to 24-30 h.

Significant value of p < 0.05 in bold.
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Box plot of mean Heart rate and
Maximal arterial blood Lactate over time
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FIGURE 2

Box plot of mean heart rate and maximal arterial blood lactate over
time.

Discussion

Our data show that prophylactic Levosimendan seems effective
in controlling cardiac output as postoperative hemodynamic
parameters remained stable and improved throughout the first
postoperative 48 h, as well as the vasoactive-inotropic score and
the urine output. Only a small portion of the patients
demonstrated combined surrogate markers of LCOS during these
48 first hours. In our study, Levosimendan’s infusion reduces the
escalation of catecholamines, hence avoiding their secondary
effects such as increased myocardial oxygen consumption,
tachycardia, arrhythmia, tachyphylaxis, and desensitization (29).
Despite the stability of the VIS, we note that its value is relatively
high in our center, as our prime amine is Norepinephrine, which
has a high weighting in VIS. Nevertheless, neither dialysis nor
hemofiltration was required in our population. Volume
expansion with crystalloid infusion is relatively low and decreases

right after surgery, supporting that even after a long CPB time,
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Box plot of pressure perfusion and
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FIGURE 3
Box plot of pressure perfusion and urine output over time.

cardiac output is adequate and inflammatory vasoplegia

controlled. Previous studies on pediatric  prophylactic
Levosimendan in cardiac surgery support our results of stability
in clinical or laboratory hemodynamic state and prevention of
LCOS. However, most showed no evidence on other endpoints
such as MV time, PICU length of stay, or mortality. Osthaus
et al. (30) showed lactate and SvO2 improvement in children
receiving intraoperative levosimendan but did not analyze an
LCOS or mortality endpoint. Egan et al. (31) report an
improvement in arterial lactate, heart rate, mean arterial pressure,
and the reduction of aminergic support in a pediatric group with
established LCOS and confirm higher benefits in the second
group, receiving prophylactic Levosimendan before the end of
CPB. In 2020, a systematic review and meta-analysis with seven
pediatric studies (32) concluded in the reduction in LCOS
incidence after Levosimendan infusion compared to other
inotrope or placebo; however, without significant improvement
on other outcomes such as the duration of MV, PICU length of
stay, or mortality. Wang et al. (33) showed a clear improvement

in cardiac cycle efficiency (a novel indicator of hemodynamic
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performance) with prophylactic Levosimendan in children, but
without effect on LCOS or mortality. Hummel’s Cochrane review
(26) includes five pediatric studies and reconstructs the number
of patients experiencing LCOS according to their score: no effect
on LCOS incidence, MV duration, PICU length of stay, or
mortality was found. However, the patient population is
inhomogenous in all these different studies (including simple and
complex cardiac surgery), and the potentially favorable effect of
prophylactic Levosimendan is then underestimated; according to
the local experience, our policy is to anticipate which patient is
at higher risk of developing post-surgical low cardiac output.
Based on our experience with Levosimendan in rescue
children (34) and the
disappointing literature results, only high-risk patients for
postoperative  LCOS
This
multidisciplinary

following open-heart surgery in

enter the prophylactic Levosimendan

protocol. selection is made preoperatively by a

team including pediatric  cardiologists,
intensivists, cardiac surgeons, and anesthetists and is based on
known LCOS risk factors in our center. This selection explains
the overrepresentation of newborns and infants, the high RACHS
scores in most of our patients, the long CPB and ACC time, and
the lower standard limit for preoperative ejection shortening
fraction. Regarding their own experience and expertise, other
teams should evaluate which patient is at high risk of LCOS and
should benefit from prophylactic Levosimendan. Despite some
contradicting results (35), some data demonstrate the beneficial
effect of prophylactic Levosimendan in adults, and it seems more
relevant for patients at high risk for postoperative LCOS and
those with previous myocardial dysfunction (36-40). Based on
these previous results and on the study of Ricci et al., which,
showed benefit of prophylactic Levosimendan in a population of
with high RACHS (41),

multicenter randomized controlled pediatric study selecting

newborns scores a prospective
patients at high risk for postoperative LCOS could potentially
demonstrate the beneficial effect of prophylactic Levosimendan.

After cardiac surgery, mortality rate is globally around 3.2% but
around 7% in neonates related to the complexity of the diagnosis
and procedure, the patient’s weight, and the presence of a
univentricular status (42). It is important to emphasize that
according to important registry papers, the mortality rate
decreased clearly over the last thirty years and is related to the
volume of pediatric cardiac surgery performed in a center (43).
Even if most of the teams did not show mortality reduction in
patients receiving prophylactic Levosimendan, in our study
mortality is very low, despite a large majority of newborns and
infants with complex diagnoses and procedures and in a
relatively small volume center.

The best timing for the onset of Levosimendan’s infusion is
uncertain, although two other teams used Levosimendan in the
preoperative course in pediatrics (44, 45). However, to our
knowledge, our study is the largest, using a conditioning protocol
starting 24-48 h before surgery, with most patients having the
infusion started about 12h before CPB. Most other teams in
pediatrics use prophylactic Levosimendan perioperative or
immediately after surgery, as described in Cochrane 2017 (26).
Tasouli et al. (46) showed the superiority in adult patients for an

Frontiers in Pediatrics

10.3389/fped.2023.1205971

early onset of Levosimendan infusion in the operating room
in the (ICU).
Levosimendan improved hemodynamic parameters in both

versus a later onset intensive care unit
groups, but the ICU and hospital stay lengths were lower in the
early-onset group. Another paper from Eriksson et al. reports
that an intraoperative Levosimendan infusion facilitates weaning
from CPB in adults (47). Considering this statement and the
pharmacokinetics of Levosimendan, we choose our protocol to
start before surgery. Our strategy may also allow intraoperative
cardiac improvement in high-risk patients, possibly leading to a
better Another fact

preoperative administration of Levosimendan is that its plasma

postoperative  outcome. favoring a
concentration may be lower in postoperative patients (48).
This variability may probably be explained as Levosimendan
pharmacokinetic varies in the postoperative course in several
presumed ways. For example, diuretics, which are almost
systematically used in the postoperative cardiac course, may
increase urine excretion; antibiotics and  postoperative
immobilization may affect the gastrointestinal system, which
reduces Levosimendan’s metabolite and hypoalbuminemia, often
noticed in the postoperative course of heart surgery, may

decrease its transportation in plasma.

Study'’s limitation

Our study has several limitations, including the retrospective
setting and a single-center experience. The retrospective aspect
should be offset because our electronic patient survey system
collects real-time, minute-to-minute information, allowing precise
analyses. Patients requiring immediate circulatory support with
ECMO were excluded from LCOS analyses because the ECMO
support skews all the parameters analyzed for determining the
LCOS. ECMO support—for hemodynamic or respiratory reasons
—can be defined as a severe LCOS after a bypass or consecutive
pulmonary-myocardial severe dysfunction. Nonetheless, for this
selected group of patients, ECMO support is somewhat not
infrequent but all patients were weaned from ECMO support and
survived.

As frequently encountered in congenital heart disease studies,
and though the study group is selected, there is heterogeneity in
patients regarding cardiac anatomy, type of surgery, and age.
Obviously, more than one cardiac surgeon performed surgeries,
and different techniques may have been used. Concerning
surgical procedures, we also should emphasize that our study is
based on nine years of experience, during which technical and
material aspects of cardiac surgery have possibly improved or
changed. The prophylactic administration of Levosimendan is
based in our centre on reproducible parameters as long-lasting
ECC or ACC, or other patients characteristics like systolic
dysfunction or severe ventricular hypertrophy. Other aspects of
deciding to initiate prophylactic Levosimendan are subjective and
depend on the local team experience or the types of patients
recruited in the centre. Each centre should address the special
condition of patients referred for surgery and decide which
would benefit from Levosimendan preoperatively. This experience
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cannot be reproduced from our. Although the sample size could be
considered small, it is, to our knowledge, one of the largest cohorts
studying preoperative prophylactic Levosimendan in children.
Only a few single centers have the caseload of patients with
congenital heart disease to conduct a powerful study.

Conclusion and future

Based on our analysis and observation, prophylactic
administration of Levosimendan preoperatively seems safe and
promising. As no control group was used in our study, we
cannot prove that our strategy is effective in controlling LCOS in
selected patients, but many clues point in this direction:
parameters used to evaluate LCOS in a clinical context are stable
the first additional

hemodynamic support unless the patient is on ECMO support

in postoperative days, needing no
after the CPB. In our opinion, this strategy for high-risk patients
needing elective complex heart surgery can be used safely, but
each centre/team should determine the high-risk patients in its
centre. Further studies would be warranted to define more
precisely the children who would benefit from Levosimendan

preoperatively and the advantage over placebo or other strategies.
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