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Abstract

Objectives: Low cardiac output syndrome (LCOS) is a critical complication following pediatric cardiac surgery 
that is characterized by myocardial dysfunction, hemodynamic instability, and insufficient organ perfusion. Le-
vosimendan, an inotropic agent that enhances calcium sensitivity in cardiac muscle and causes vasodilation, has 
been proposed as a therapeutic option for managing LCOS in children. This study aimed to evaluate the efficacy 
and safety of  levosimendan in the 23 management of  LCOS in pediatric patients following cardiac surgery. 
Methods: This study retrospectively included patients who underwent surgery in our clinic between 2020 and 
2023 and received levosimendan due to post-operative LCOS. The patients’ medical records were accessed 
through the hospital information system and archival review. 
Results: The median age of  the patients was 8 months (interquartile range: 5.0–16.0 months). Post-operative 
echocardiographic assessments revealed a significant improvement in ejection fraction, with a median increase 
from 40.0% to 57.5% in survivors (p<0.001). No significant difference in mortality, intensive care unit stay, or 
hospital stay was observed between survivors and non-survivors, although non-survivors had a higher post-op-
erative heart rate (p=0.025). Levosimendan was well tolerated, with minimal adverse effects, and no arrhyth-
mias were recorded. Hypotension was effectively managed with norepinephrine. 
Conclusion: Levosimendan appears to be an effective and safe treatment option for managing LCOS in pe-
diatric patients after cardiac surgery. While the drug significantly improved cardiac function, further large-scale 
studies are necessary to evaluate its long-term efficacy and safety. Individualized dosing and careful monitoring 
are essential to optimize patient outcomes.

Keywords: Ejection fraction; inotropic agents; levosimendan; low cardiac output syndrome; pediatric cardiac 
surgery.

Özet

Amaç: Düşük kardiyak debi sendromu (LCOS), pediatrik kalp cerrahisi sonrası gelişebilen, miyokardiyal dis-
fonksiyon, hemodinamik instabilite ve yetersiz organ perfüzyonu ile karakterize kritik bir komplikasyondur. 
Kardiyak kaslarda kalsiyum duyarlılığını artıran ve vazodilatasyona yol açan bir inotropik ajan olan levosimendan, 
çocuklarda LCOS yönetiminde terapötik bir seçenek olarak önerilmektedir. Bu çalışmanın amacı, pediatrik hasta-
larda kalp cerrahisi sonrası gelişen LCOS yönetiminde levosimendanın etkinliğini ve güvenliğini değerlendirmektir.
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Introduction

Low cardiac output syndrome (LCOS) can lead to severe clini-
cal conditions, especially when it occurs after pediatric cardiac 
surgery. Post-operative LCOS is a result of myocardial dysfunc-
tion, hemodynamic instability, and inadequate organ perfusion. 
This condition can cause organ damage and potentially lead to 
multiple organ failure due to insufficient oxygenation and an in-
ability to meet metabolic demands. The consequences of LCOS 
include renal failure, neurological damage, gastrointestinal isch-
emia, and the need for prolonged intensive care. In addition, 
if LCOS is not treated promptly and effectively, it significantly 
increases mortality rates.[1,2]

Levosimendan is a drug that increases myocardial contractili-
ty by increasing calcium sensitivity through binding to troponin 
C in cardiac muscle cells. It also opens ATP-sensitive potassi-
um channels, leading to vasodilation in both coronary arteries 
and the peripheral vascular system. Owing to this dual-action 
mechanism, levosimendan increases cardiac output while reduc-
ing systemic vascular resistance and minimally increasing myo-
cardial oxygen consumption. This makes it an ideal option for 
managing the LCOS, as its inotropic and vasodilatory effects 
help maintain hemodynamic stability.[3,4]

While levosimendan presents a significant treatment option, 
particularly in cases of refractory low cardiac output, careful 
patient monitoring and management of side effects are crucial 
during its use. The literature on the use of levosimendan in 
the treatment of LCOS in pediatric patients reports both pos-
itive outcomes and concerns regarding various side effects.[5,6] 
Therefore, this article aims to review the effects and clinical use 
of levosimendan in pediatric patients with LCOS, present our 
own experience and provide a foundation for future research.

Materials and Methods

This study retrospectively included 21 patients who under-
went surgery in our clinic between 2020 and 2023 and re-
ceived levosimendan (Simdax, Orion Corporation, Finland) 
due to post-operative LCOS. The patients’ medical records 
were accessed through the hospital information system and 
archival review.

This study was approved by the Ethics Committee of Liv Bona 
Dea Hospital (Date: 07/2025; Protocol No: 183). All proce-
dures were carried out in accordance with ethical standards.

Echocardiography (Epiq 7; Philips, Amsterdam, The Nether-
lands, and Vivid E95; GE Healthcare, Chicago, IL) was performed 
regularly in the pre-operative, post-operative, and post-medical 
treatment phases. Ejection fraction (EF) values were calculated 
via EPSS (E-Point Septal Separation), a method for measuring 
the distance between the anterior mitral valve leaflet and the 
interventricular septum in early diastole. The EF was measured 
through Simpson’s single-plane method, and cardiac output was 
obtained through the Doppler-VTI method.

LCOS was defined as meeting at least two of the following cri-
teria, along with a mean invasive arterial blood pressure below 
the 5th percentile (based on a nomogram adjusted for height 
and age), after achieving adequate preload:[7]

•	 Arterial lactate levels >3 mmol/L in two consecutive mea-
surements,

•	 A mixed venous oxygen saturation (ScvO2) <50% or a de-
creasing trend was detected,

•	 The urine output was <1 mL/kg/h for 2 consecutive h,
•	 Heart rate >90th percentile according to an age-based no-

mogram.

In the early post-operative period, balanced general anesthesia 
was provided via fentanyl and midazolam infusions.

Surgical Procedure
All patients were started on milrinone at a dose of 0.5 mcg/kg/
min after standard induction, intubation, and catheterization. 
Following surgical exposure, cardiopulmonary bypass (CPB) 
was initiated. Del Nido or cold blood cardioplegia was used to 
achieve cardiac arrest in all patients. The target mean arterial 
pressures during and after CPB were 30 mmHg and 45 mmHg, 
respectively. In addition, the target serum hemoglobin level 
was maintained above 100 g/L, the serum lactate level was <2 
mmol/L, and the ionized calcium level was >1.2 mmol/L. A hy-
pothermia of 32°C was used. Upon weaning from CPB, adrena-
line infusion was added to milrinone if necessary.

Low Cardiac Output Monitoring
All patients were followed with invasive arterial monitoring, and 
continuous CVP values were monitored via a central venous cath-
eter. Pulse oximetry and electrocardiography were continuously 
monitored. Arterial blood gas analysis was performed at regular 
intervals to evaluate metabolic and respiratory parameters. Hour-
ly urine output was monitored via urinary catheters in all patients.

Gereç ve Yöntem: Bu retrospektif  çalışmaya, 2020–2023 yılları arasında kliniğimizde ameliyat edilen ve postoperatif  düşük kardiyak debi sendromu 
(LCOS) nedeniyle levosimendan tedavisi alan hastalar dâhil edildi. Hastaların tıbbi kayıtlarına, hastane bilgi sistemi ve arşiv taraması ile ulaşıldı.
Bulgular: Hastaların medyan yaşı 8 aydı (IQR: 5,0–16,0 ay). Postoperatif  ekokardiyografik değerlendirmelerde, sağ kalan hastalarda ejeksiyon fraksiy-
onunda (EF) anlamlı bir iyileşme görüldü; medyan EF %40,0’dan %57,5’e yükseldi (p<0,001). Sağ kalanlar ile sağ kalamayanlar arasında mortalite, yoğun 
bakımda kalış süresi veya hastanede kalış süresi açısından anlamlı fark bulunmazken, sağ kalamayanlarda postoperatif  kalp hızı daha yüksek saptandı 
(p=0,025). Levosimendan iyi tolere edildi, minimal yan etki gözlendi ve aritmi kaydedilmedi. Hipotansiyon, norepinefrin ile etkin şekilde yönetildi.
Sonuç: Levosimendan, pediatrik hastalarda kalp cerrahisi sonrası LCOS yönetiminde etkili ve güvenli bir tedavi seçeneği olarak görünmektedir. İlaç, 
kardiyak fonksiyonlarda anlamlı iyileşme sağlasa da, uzun dönem etkinlik ve güvenliğini değerlendirmek için daha geniş ölçekli çalışmalara ihtiyaç vardır. 
Hastaya özel dozlama ve dikkatli izlem, hasta sonuçlarını optimize etmek için kritik öneme sahiptir.

Anahtar sözcükler: Ejeksiyon fraksiyonu; inotropik ajanlar; levosimendan; düşük kardiyak debi sendromu; pediatrik kalp cerrahisi.
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Levosimendan was initiated in patients with reduced left ventricular 
(LV) contraction and decreased EF/LV function on early post-op-
erative echocardiography, in addition to other LCOS parameters. 
After starting levosimendan, the milrinone dose was reduced to 
a minimum. If hypotension occurred, milrinone was discontinued, 
and a norepinephrine infusion was added to the treatment.

For levosimendan preparation, 12.5 mg (5 mL) of the drug was 
dissolved in 45 mL of 5% glucose. An initial dose of 0.1 μg/kg/min 
was started, which was increased to 0.2 μg/kg/min depending on 
the patient’s blood pressure. The infusions were continued for 
48 h. Attending physicians were given full discretion to adminis-
ter additional medications, including other inotropes and vaso-
pressors, as appropriate. The simultaneous use of nesiritide was 
not allowed. Calcium levels were closely monitored and main-
tained within the ideal range through frequent blood gas checks.

Morbidities, ventilation duration, intensive care unit (ICU) stay, 
and total hospital stay were also recorded.

The study was conducted retrospectively with approval from 
hospital management and in accordance with ethical guidelines, 
following the principles of the Helsinki Declaration.

Statistical Analysis
Statistical analysis was performed through SPSS version 27 (IBM 
Corp., Armonk, NY, USA). Categorical variables are expressed 
as frequencies and percentages, whereas numeric variables are 
presented as the means, standard deviations, medians, 25th 
percentiles, and 75th percentiles. Normality will be assessed 
through skewness and Shapiro–Wilk tests. Student’s t-test will 
be used to compare means between two independent groups 
for normally distributed data. For nonnormally distributed data, 
the Mann–Whitney U test will be used to compare medians be-
tween two independent groups, and the Wilcoxon test will be 
used to compare medians between two dependent groups. The 
Chi-square test or Fisher’s exact test will be used to compare 
categorical variables between independent groups. A p<0.05 
was considered to indicate statistical significance. 

Results

This study included 21 pediatric patients who underwent car-
diac surgery and received levosimendan. The median age of the 
patients was 8.0 months (interquartile range [IQR]: 5.0–16.0 
months), with 7 patients (33.3%) being female. The surgi-
cal procedures performed on these patients were as follows: 
6 patients (28%) underwent the arterial switch procedure, 5 
patients (24%) underwent VSD closure, 3 patients (14%) un-
derwent AVSD repair, 2 patients (9%) underwent pulmonary 
valvotomy, 1 patient (5%) underwent dual-chamber pacemaker 
implantation, 1 patient (5%) underwent truncus repair, 1 patient 
(5%) underwent complete TOF repair, 1 patient (5%) under-
went ALCAPA repair, and 1 patient (5%) underwent Glenn + 
pulmonary banding surgery.

Among the patients, 14 (66.7%) received Del-Nido cardioplegia, 
while 7 (33.3%) were given cold blood cardioplegia. The median 
weight of the cohort was 4.6 kg (IQR: 3.75–7.0 kg). The detailed 

baseline characteristics, including mechanical ventilation time, 
ICU stay, and hospital stay, are presented in Table 1. The median 
duration of mechanical ventilation was 49.0 h (IQR: 24.0–74.0 
hours), the median ICU stay was 7.0 days (IQR: 5.0–10.0 days), 
and the median hospital stay was 15.0 days (IQR: 12.0–18.0 days).

Intraoperative details, including CPB and cross-clamp times, are 
summarized in Table 2. The median CPB time was 98 minutes 
(IQR: 79–135 min), and the median cross-clamp time was 76 
min (IQR: 51–103 min). Postoperatively, 18 (85.7%) of the pa-
tients survived, whereas 3 (14.3%) died. The majority of the 
patients (71.4%) received moderate or high doses of levosim-
endan, whereas 28.6% received low doses.

A comparison of parameters between survivors and nonsur-
vivors is shown in Table 3. The pre-operative EF was similar 
between the two groups, with a median EF of 40.0% (IQR: 
35.0–40.0%) in survivors and 37.5% (IQR: 35.0–40.0%) in non-
survivors. Postoperatively, the median EF improved to 57.5% 
(IQR: 50.0–62.0%) in survivors and 50.0% (IQR: 50.0–64.0%) in 
nonsurvivors. The difference in EF between the two groups was 
not statistically significant (p = 0.720). However, the post-oper-
ative heart rate was significantly greater in nonsurvivors, with a 
median of 169.5 bpm (IQR: 159.0–180.0 bpm), than in survivors, 
with a median of 138.0 bpm (IQR: 125.0–145.0 bpm) (p=0.025). 
Other parameters, such as post-operative troponin and creati-
nine levels, did not differ significantly between the groups.

Table 1. Baseline characteristics

Variable	 Category	 n (%)/Median (IQR)

Gender	 Female	 7 (33.3)
		  Male	 14 (66.7)
Age (months)		  8.0 (5.0–16.0)
Weight (kg)		  4.6 (3.75–7.0)
Cardioplegia solution	 Del Nido	 14 (66.7)
		  Blood	 7 (33.3)
Mechanical ventilation time (hours)		  49.0 (24.0–74.0)
ICU stay (days)		  7.0 (5.0–10.0)
Hospital stay (days)		  15.0 (12.0–18.0)

IQR: Interquartile range; ICU: Intensive care unit.

Table 2. Post-operative variables

Variable	 Category	 n (%)/Median (IQR)

CPB time (minutes)	  	 98 (79–135)
Cross clamp time (minutes)	  	 76 (51–103)
Mechanical ventilation time (hours)	  	 49.0 (24.0–74.0)
Mortality	 Alive	 18 (85.7)
		  Exitus	 3 (14.3)
Levosimendan dosage	 Low dosage	 6 (28.6)
		  Moderate or	 15 (71.4) 
		  high dosage	
Pre-treatment ejection fraction (%)	  	 40.0 (35.0–40.0)
Post-treatment ejection fraction (%)	  	 55.0 (50.0–62.0)
Post-operative troponin (ng/mL)	  	 5.327 (1.410–23.200)
Pre-operative heart rate (bpm)	  	 126 (118–140)
Post-operative heart rate (bpm)	  	 142.0 (134.0–147.0)

IQR: Interquartile range; CPB: Cardiopulmonary bypass.
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The effects of levosimendan on pre-treatment and post-treat-
ment EF values are illustrated in the accompanying bar graph. A 
Wilcoxon signed-rank test was performed to assess the change 
in EF before and after treatment within the entire cohort. The 
test statistic indicated a significant improvement in EF postop-
eratively (Z=-3.432, p<0.001).

Discussion

Studies evaluating the effectiveness of levosimendan in treating 
LCOS after pediatric cardiac surgery are crucial for understanding 
the potential benefits and limitations of this agent. Various clinical 
trials have demonstrated that levosimendan is effective in reduc-
ing the incidence of LCOS. For example, a meta-analysis revealed 
that the prophylactic use of levosimendan reduced the incidence 
of LCOS by 20%.[8] In this study, we assessed the potential effects 
of levosimendan on ventricular systolic function after pediatric 
cardiac surgery through echocardiography. A statistically signifi-
cant increase in the LVEF was observed after levosimendan admin-
istration. This finding suggests that levosimendan may be more 
effective in increasing cardiac output than other inotropic agents.

Levosimendan increases myocardial contractility by increasing cal-
cium sensitivity and acts as a phosphodiesterase III inhibitor, lead-
ing to vasodilation. These dual mechanisms form the unique phar-
macological profile of levosimendan in the treatment of LCOS. 
The hemodynamic benefits of levosimendan, such as reducing sys-
temic vascular resistance and improving cardiac output in children 
with LCOS after cardiac surgery, have been supported by studies.
[9,10] Hypocalcemia is a common occurrence in patients treated 
with levosimendan. We aimed to increase the effectiveness of the 
drug by keeping calcium levels within the optimal range through 
frequent blood gas checks in patients who received levosimendan.

The positive effects of levosimendan on myocardial function could 
provide a significant advantage in treating LCOS. By increasing 

myocardial calcium sensitivity and opening ATP-sensitive potas-
sium channels, it optimizes contractility and causes vasodilation 
in coronary arteries. This dual action may help achieve hemody-
namic stability in pediatric patients after cardiac surgery.[11] While 
the anti-inflammatory and antiapoptotic effects of levosimendan 
have been demonstrated in the literature,[12] we did not obtain 
inflammatory data in this study. However, we believe that the an-
ti-inflammatory effects of levosimendan described in the literature 
could have positive impacts on post-operative LCOS management.

Levosimendan is contraindicated in patients with severe renal 
failure. However, studies have shown that the estimated glo-
merular filtration rate (GFR) is greater in patients treated with 
levosimendan than in those treated with dobutamine or pla-
cebo. In addition to its hemodynamic benefits, levosimendan 
has direct effects on renal circulation, leading to renal artery 
vasodilation, thus improving renal blood flow without compro-
mising the oxygen demand/supply relationship.[13] In our series, 
the GFR and creatinine values remained within normal ranges, 
and no cases of renal failure were observed.

However, some limitations of levosimendan use should not be 
overlooked. Clinical studies with this agent show significant 
variations in dosage, administration methods, and duration, 
complicating the general interpretation of the results. Higher 
doses of levosimendan have been associated with potential 
side effects such as hypotension and arrhythmias, indicating the 
need for caution when this agent is used. Furthermore, long-
term effects and safety profiles require more comprehensive 
evaluation.[14] In our series, no arrhythmias were observed, but 
for patients who developed hypotension after starting levosim-
endan, we administered a norepinephrine infusion to manage it.

Looking at larger studies in the literature, a 2017 internation-
al consensus concluded that levosimendan cannot be routinely 
recommended for cardiac surgery.[15] On the other hand, the 
2018 German guidelines on ICU management following cardiac 

Table 3. Comparison of parameters between the survivor and nonsurvivor groups

Variable	 Category	 Alive	 Exitus	 p

Age (months)		  8.00 (4.00–30.00)	 6.00 (5.00–9.00)	 0.724
Gender (%)	 Female	 5 (27.8)	 2 (66.7)	 0.247
		  Male	 13 (72.2)	 1 (33.3)	
Cardioplegia solution (%)	 Del Nido	 12 (66.7)	 2 (66.7)	 1.000
		  Blood	 6 (33.3)	 1 (33.3)	
Weight (kg)	  	 4.80 (3.75–7.00)	 4.20 (3.00–8.00)	 0.615
CPB time (minutes)	  	 98 (82–130)	 85 (67–180)	 0.832
Cross clamp time (minutes)	  	 80 (50–99)	 59 (51–125)	 0.958
Mechanical ventilation time (hours)	  	 48.5 (24.0–74.0)	 72.0 (20.0–215.0)	 0.546
ICU stay (days)	  	 7.0 (5.0–10.0)	 8.0 (3.0–10.0)	 0.880
Hospital stay (days)	  	 15 (13–18)	 8 (7–19)	 0.288
Levosimendan dosage (%)	 Low Dosage	 5 (27.8)	 1 (33.3)	 1.000
		  Moderate or high dosage	 13 (72.2)	 2 (66.7)	
Pre-treatment ejection fraction (%)	  	 40.0 (35.0–40.0)	 37.5 (35.0–40.0)	 1.000
Post-treatment ejection fraction (%)	  	 57.5 (50.0–62.0)	 50.0 (50.0–64.0)	 0.720
Post-operative troponin (ng/mL)	  	 7.385 (1.410–23.200)	 5.327 (5.327–5.327)	 1.000
Pre-operative heart rate (bpm)	  	 124 (113–134)	 145 (140–150)	 0.055
Post-operative heart rate (bpm)	  	 138.0 (125.0–145.0)	 169.5 (159.0–180.0)	 0.025

CPB: Cardiopulmonary bypass, ICU: Intensive care unit.
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surgery recommended levosimendan for patients with severe-
ly impaired LVEF and as the only inotropic agent with proven 
mortality benefits in LCOS patients.[16] In our clinic, owing to its 
high cost, levosimendan is not used as a routine inotropic agent 
but rather for post-operative LCOS treatment.

To avoid potential systemic hypotension, some studies suggest 
starting levosimendan without a loading dose. The drug can be 
initiated at the lowest dose (0.05 mcg/kg/min) and increased to 
doses up to 0.6 mcg/kg/min if needed. The beneficial effects of 
levosimendan are evident within 24 and 48 h after administra-
tion, which is consistent with existing pharmacokinetic data. Its 
active metabolite, OR-1896, which has similar positive inotro-
pic effects, has an elimination half-life of 80–96 h, which is much 
longer than that of the parent drug.[17] In our clinical practice, 
we start levosimendan at a dose of 0.1 mcg/kg/min in LCOS 
patients and increase the dose to 0.2 mcg/kg/min in the absence 
of hypotension or side effects. We administer the infusion over 
48 h as recommended in the literature.

Lapere et al.[18] reported that, compared with other inotropes 
or a placebo, the prophylactic use of levosimendan in pediatric 
cardiac surgery reduced the incidence of LCOS and increased 
the cardiac index. However, they reported no improvement in 
mortality, ICU stay, hospital stay, or mechanical ventilation du-
ration. In our study, despite no significant differences in mortali-
ty, ICU stay, hospital stay, or mechanical ventilation duration be-
tween the patients who survived and those who did not, both 
groups showed significant improvements in LVEF (Fig. 1). We 
believe that this may be due to the multifactorial nature of mor-
tality and morbidity in post-operative pediatric cardiac patients.

LCOS is a multifaceted process that often complicates post-op-
erative care following complex cardiac surgeries involving CPB. 
Pre-operative conditions, intraoperative management, residual 
lesions, arrhythmias, and factors such as preload, pulmonary and 
systemic afterload, the neurohormonal axis, systemic inflamma-
tion, and increased metabolic disturbances significantly contribute 
to the development of LCOS. Rapid recognition and correction 
of low cardiac output, as well as identification of the underlying 
cause, are critical to reversing the syndrome before cardiovascu-
lar collapse. This requires meticulous teamwork among surgeons, 
pediatric cardiologists, anesthesiologists, and ICU specialists.[19]

Owing to its peripheral vasodilatory effects, Abdelbaser et al. 
[20] investigated the effectiveness of inhaled versus intravenous 
levosimendan in reducing high pulmonary artery pressure (PAP) 
in children undergoing cardiac surgery. They reported that in-
haled levosimendan was as effective as intravenous administra-
tion in reducing PAP, with fewer side effects, such as tachycardia 
and hypotension, and reduced vasopressor requirements. Com-
pared with dobutamine infusion in patients with severe decom-
pensated heart failure, levosimendan was found to be superior 
in reducing pulmonary capillary wedge pressure and mortali-
ty at 6 months, although the SURVIVE trial did not show any 
primary or treatment benefits in severe decompensated heart 
failure patients.[21,22] Pulmonary hypertension is as critical as the 
LCOS in determining post-operative prognosis. The positive ef-
fects oflevosimendan on pulmonary hypertension increase its 
importance in post-operative ICU management.

Kaddoura et al.,[23] in a review of the literature, suggested that in 
the adult population, levosimendan could be an option to facili-
tate successful weaning from VA-ECMO and reduce the risk of 
death. Current evidence shows the advantages of levosimendan 
in improving endothelial function, hemodynamics, and echocar-
diographic parameters, especially in the absence of major side 
effects. Although we did not encounter studies targeting the 
pediatric ECMO population in our literature review, we believe 
that levosimendan’s anti-inflammatory and positive EF effects 
could illuminate the literature for pediatric VA-ECMO patients.

Limitations
The studies available in the literature on the effectiveness and 
safety of levosimendan in treating LCOS in children have several 
key limitations. First, many studies have small sample sizes, which 
makes it difficult to generalize the results to broader popula-
tions. In addition, variability in dosage regimens and treatment 
protocols across different studies complicates the comparison 
and standardization of results. The limited data on the long-term 
effects and potential side effects hinder a comprehensive evalua-
tion of levosimendan’s safety in pediatric patients. Furthermore, 
methodological differences in some studies may limit the accura-
cy and validity of the findings. For these reasons, larger and meth-
odologically robust studies are needed to better understand the 
role of levosimendan in the treatment of pediatric LCOS.

Conclusion

Levosimendan has emerged as an effective treatment option 
for managing LCOS after pediatric cardiac surgery. Owing to 
its ability to both increase myocardial contractility and reduce 
systemic vascular resistance, levosimendan improves hemody-
namic stability and enhances cardiac performance. While the 
present data suggest that levosimendan has positive effects on 
pediatric patients, further research is needed to assess its long-
term safety and efficacy. Careful patient management and indi-
vidualized dosing are essential for the successful clinical use of 
levosimendan. Future research will help clarify the role of this 
drug in pediatric LCOS treatment and contribute to the devel-
opment of treatment protocols.

Figure 1. Effects of  levosimendan on pre-treatment and post-treatment EF 
values.



Koşuyolu Heart J 2025;28(3):119–124

124

Bakhshaliyev et al., Levosimendan Use in Children with Low Cardiac Output Syndrome

Disclosures

Ethics Committee Approval: The study was approved by the Liv Bona Dea 
Hospital Ethics Committee (no: 183, date: 01/07/2025).

Informed Consent: Informed consent was obtained from all participants.

Conflict of Interest Statement: All authors declared no conflict of  interest.

Funding: The authors declared that this study received no financial support.

Use of AI for Writing Assistance: No AI technologies utilized.

Author Contributions: Concept – S.B., E.A.; Design – S.B., E.A.; Supervision 
– S.B., E.A.; Resource – B.A., S.B.; Materials – B.A., S.B.; Data collection and/or 
processing – F.Y., B.A., S.B.; Data analysis and/or interpretation – F.Y., B.A., S.B.; 
Literature search – E.A., S.B.; Writing – E.A., S.B.; Critical review – S.B., E.A.

Peer-review: Externally peer-reviewed.

References
1.	 Hubble CL, Pasquali SK, Ohye RG, O'Brien SM. Low cardiac output syn-

drome after pediatric cardiac surgery: incidence, risk factors, and outcomes. 
Ann Thorac Surg (2017);104(1):212–9.

2.	 Hoffman TM, Wernovsky G, Atz AM, Bailey JM, Akbary A, Ohye RG, et al. 
The use of  levosimendan in pediatric low cardiac output syndrome: results 
from a multicenter, randomized, double-blind, placebo-controlled trial. Pedi-
atr Crit Care Med 2017;18(2):e66–e73.

3.	 Yilmaz O, Demir F. Levosimendan: a new strategy for managing low car-
diac output syndrome in pediatric heart surgery. J Pediatr Intens Care 
2018);7(2):94–102.

4.	 Silva CH, Fonseca MCM. Management of  pediatric low cardiac output syn-
drome: recent advances and future directions. Pediatr Crit Care Med 2021; 
22(1):25–33.

5.	 Pellicer A, Greisen G, Benders M, Claris O, Dempsey E, Fumagalli M, et al. 
Neuroprotection of  the preterm brain: Clinical and experimental aspects of  
infection, inflammation, and hypoxic ischemia. Pediatr Res 2020;87(2):172–83.

6.	 Girardis M, Bettex D, Bojan M, Demponeras C, Fruhwald S, Gál J, et al. Le-
vosimendan in intensive care and emergency medicine: literature update and 
expert recommendations for optimal efficacy and safety. J Anesth Analg Crit 
Care 2022;2(1):4. 

7.	 Joshi RK, Aggarwal N, Aggarwal M, Pandey R, Dinand V, Joshi R. Successful 
use of  levosimendan as a primary inotrope in pediatric cardiac surgery: An 
observational study in 110 patients. Ann Pediatr Card 2016;9:9–15.

8.	 Wang A, Cui C, Fan Y, Zi J, Zhang J, Wang G, et al. Prophylactic use of  
levosimendan in pediatric patients undergoing cardiac surgery: a prospective 
randomized controlled trial. Crit Care 2019;23(1):428. 

9.	 Landoni G, Lomivorotov VV, Alvaro G, Lobreglio R, Pisano A, Guarracino 
F, et al; CHEETAH Study Group. Levosimendan for Hemodynamic Support 
after Cardiac Surgery. N Engl J Med 2017;376(21):2021–31. 

10.	 Harrison RW, Hasselblad V, Mehta RH, Levin R, Harrington RA, Alexander 
JH. Effect of  levosimendan on survival and adverse events after cardiac sur-
gery: a meta-analysis. J Cardiothorac Vasc Anesth 2013;27(6):1224–32. 

11.	 Conti N, Gatti M, Raschi E, Diemberger I, Potena L. Evidence and Current 
Use of  Levosimendan in the Treatment of  Heart Failure: Filling the Gap. 
Drug Des Devel Ther 2021;15:3391–409. 

12.	 Antoniades C, Tousoulis D, Koumallos N, Marinou K, Stefanadis C. Levosi-
mendan: beyond its simple inotropic effect in heart failure. Pharmacol Ther 
2007;114(2):184–97. 

13.	 Lannemyr L, Ricksten SE, Rundqvist B, Andersson B, Bartfay SE, Ljungman 
C, et al. Differential Effects of  Levosimendan and Dobutamine on Glo-
merular Filtration Rate in Patients With Heart Failure and Renal Impair-
ment: A Randomized Double-Blind Controlled Trial. J Am Heart Assoc 
2018;7(16):e008455. 

14.	 Guarracino F, Heringlake M, Cholley B, Bettex D, Bouchez S, Lomivorotov 
VV, et al. Use of  Levosimendan in Cardiac Surgery: An Update After the 
LEVO-CTS, CHEETAH, and LICORN Trials in the Light of  Clinical Practice. 
J Cardiovasc Pharmacol 2018;71(1):1–9. 

15.	 Beiras-Fernandez A, Kornberger A, Oberhoffer M, Kur F, Weis M, Vahl CF, 
et al. Levosimendan as rescue therapy in low output syndrome after cardiac 
surgery: Effects and predictors of  outcome. J Int Med Res 2019;47(8):3502–
12.

16.	 Habicher M, Zajonz T, Heringlake M, Böning A, Treskatsch S, Schirmer U, 
et al. S3 guidelines on intensive medical care of  cardiac surgery patients: 
Hemodynamic monitoring and cardiovascular system-an update. Anesthesist 
2018;67(5):375–9. [Article in German]

17.	 Momeni M, Rubay J, Matta A, Rennotte MT, Veyckemans F, Poncelet AJ, et 
al. Levosimendan in congenital cardiac surgery: a randomized, double-blind 
clinical trial. J Cardiothorac Vasc Anesth 2011;25(3):419–24. 

18.	 Lapere M, Rega F, Rex S. Levosimendan in pediatric cardiac anesthesiology: 
A systematic review and meta-analysis. Eur J Anesthesiol 2022;39(8):646–
55.

19.	 Epting CL, McBride ME, Wald EL, Costello JM. Pathophysiology of  
Post-Operative Low Cardiac Output Syndrome. Curr Vasc Pharmacol 
2016;14(1):14–23. 

20.	 Abdelbaser I, Mageed NA, Elfayoumy SI, Elgamal MF, Elmorsy MM, Taman 
HI. The direct comparison of  inhaled versus intravenous levosimendan in 
children with pulmonary hypertension undergoing on-cardiopulmonary by-
pass cardiac surgery: A randomized, controlled, noninferiority study. J Clin 
Anesth 2021;71:110231. 

21.	 Follath F, Cleland JG, Just H, Papp JG, Scholz H, Peuhkurinen K, et al. Efficacy 
and safety of  intravenous levosimendan compared with dobutamine in se-
vere low-output heart failure (the LIDO study): a randomized double-blind 
trial. Lancet 2002;360(9328):196–202. 

22.	 Mebazaa A, Nieminen MS, Packer M, Cohen-Solal A, Kleber FX, Pocock SJ, 
et al. Levosimendan vs dobutamine for patients with acute decompensated 
heart failure: the SURVIVE Randomized Trial. JAMA 2007;297(17):1883–91. 

23.	 Kaddoura R, Omar AS, Ibrahim MIM, Alkhulaifi A, Lorusso R, Elsherbini H, 
et al. The effectiveness of  levosimendan on veno-arterial extracorporeal 
membrane oxygenation management and outcome: A systematic review and 
meta-analysis. J Cardiothorac Vasc Anesth 2021;35(8):2483–95.


