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ABSTRACT

Objectives: To characterize the clinical profile and outcomes of pediatric patients receiving rescue levosimendan for refractory circulatory 
failure after congenital heart surgery rather than to evaluate treatment efficacy.
Methods: This retrospective single-center cohort study included pediatric patients who received postoperative levosimendan between 
January 2023 and December 2024 for persistent circulatory failure despite optimized conventional inotropic therapy. Demographic, operative, 
and postoperative variables, including vasoactive-inotropic score (VIS) at levosimendan initiation and extracorporeal membrane oxygenation 
(ECMO) requirement, were analyzed. Multivariable logistic regression was used to explore factors associated with in-hospital mortality.
Results: Thirty-nine patients received rescue levosimendan; one was excluded because of interhospital transfer before final outcome assess-
ment, leaving 38 patients for analysis. Most procedures were of high complexity (STAT Mortality Category 4–5, 71.1%). In-hospital mortality 
was 34.2% (13/38). Non-survivors had higher VIS at levosimendan initiation (median, 22 vs. 17; p=0.048) and more frequently required ECMO 
support (84.6% vs. 20.0%; p<0.001). Delayed sternal closure was performed in 36.8% of patients. In multivariable analysis, ECMO requirement 
remained strongly associated with mortality (OR, 17.8; 95% CI, 3.4–92.1; p=0.001), whereas VIS was not statistically significant after adjustment.
Conclusion: Pediatric patients receiving rescue levosimendan after congenital heart surgery represent a high-risk subgroup with advanced 
circulatory failure and substantial mortality. Rescue levosimendan use may therefore serve as a clinical marker of severe postoperative hemo-
dynamic deterioration rather than an isolated determinant of outcome.
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Introduction

Low cardiac output syndrome (LCOS) remains a major 
cause of early morbidity and mortality after pediatric 
congenital heart surgery despite advances in surgical 
techniques and perioperative management.[1] Patients 
who develop postoperative myocardial dysfunction 
frequently require escalating vasoactive support, 
prolonged mechanical ventilation, and extended 
intensive care unit (ICU) stays.

Postoperative risk is particularly pronounced in patients 
undergoing complex surgical procedures. The Society 
of Thoracic Surgeons–European Association for Cardio-
Thoracic Surgery (STAT) Mortality Categories provide a 
validated framework for procedural risk stratification, with 
higher STAT categories consistently associated with adverse 
postoperative outcomes.[2] In addition, the vasoactive-
inotropic score (VIS) is widely used to quantify the intensity 
of pharmacologic cardiovascular support and serves as a 
practical marker of postoperative illness severity.[3]
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Levosimendan, a calcium-sensitizing inodilator, has 
increasingly been used in pediatric cardiac intensive 
care for patients with refractory myocardial dysfunction 
or catecholamine-resistant LCOS. However, evidence 
regarding its effectiveness in pediatric cardiac surgery 
remains limited and heterogeneous, with previous studies 
yielding inconsistent results because of small sample sizes, 
heterogeneous patient populations, and variability in 
treatment indications and timing.[4,5]

Importantly, in routine clinical practice, levosimendan is 
often reserved for patients with advanced hemodynamic 
deterioration. This treatment pattern substantially 
complicates the interpretation of clinical outcomes because 
of confounding by indication.[6] Patients with the greatest 
severity of circulatory failure are more likely to receive rescue 
levosimendan, making it difficult to distinguish the potential 
effects of the drug from the severity of the underlying 
postoperative condition. Consequently, outcomes observed 
after rescue levosimendan administration may reflect 
the characteristics and clinical trajectory of an extreme-
risk population rather than the efficacy or harm of the 
therapy itself. Despite this important distinction, the clinical 
phenotype and postoperative course of patients selected 
for rescue levosimendan remain insufficiently characterized.
Therefore, the present study aimed to characterize the clinical 
features and postoperative outcomes of pediatric patients 
receiving rescue levosimendan after congenital heart surgery 
and to identify factors associated with in-hospital mortality. 
The study was designed to describe the risk profile and 
clinical trajectory of this highly selected population rather 
than to evaluate the therapeutic efficacy of levosimendan.

Methods

Study Design and Population
This retrospective single-center cohort study included 
pediatric patients who underwent congenital heart surgery 
and received postoperative levosimendan between 
January 2023 and December 2024.

The study was approved by the Medical Specialization and 
Education Board of the University of Health Sciences, Dr. 
Siyami Ersek Thoracic and Cardiovascular Surgery Training 
and Research Hospital on November 29, 2022 (Approval 
No. E-28001928-604.01.01). The study was conducted in 
accordance with the principles of the Declaration of Helsinki.

Levosimendan was used as rescue therapy in patients 
with persistent postoperative circulatory failure despite 
optimized conventional management. In our institutional 
practice, levosimendan was generally initiated in the 
presence of severe ventricular dysfunction, commonly 
defined by an echocardiographic ejection fraction 

<35%, together with persistent low cardiac output 
syndrome despite optimized conventional inotropic and 
vasoactive support. Additional indicators of hemodynamic 
deterioration included escalating vasoactive requirements, 
increasing lactate levels, impaired end-organ perfusion, 
oliguria, and multidisciplinary clinical assessment.

Patients who received levosimendan prophylactically were 
excluded. In addition, one patient who was transferred 
to another institution before final outcome assessment 
was excluded because in-hospital outcome could not 
be determined. Levosimendan was administered as a 
continuous intravenous infusion at a dose of 0.1 μg/kg/min 
for 24 hours without a loading dose.

Data Collection
Demographic, operative, and postoperative data were 
retrospectively extracted from electronic medical records. 
Collected variables included age, sex, body weight, surgical 
complexity according to the STAT Mortality Category, 
cardiopulmonary bypass duration, aortic cross-clamp 
duration, vasoactive-inotropic score (VIS) at the time of 
levosimendan initiation, requirement for extracorporeal 
membrane oxygenation (ECMO), renal replacement 
therapy, intensive care unit (ICU) length of stay, hospital 
length of stay, and in-hospital mortality.

VIS was calculated at the time of levosimendan initiation 
using a previously validated formula.[1]

Statistical Analysis
Continuous variables were expressed as median and 
interquartile range (IQR) and compared using the Mann–
Whitney U test. Categorical variables were expressed as 
numbers and percentages and compared using the chi-
square test or Fisher’s exact test, as appropriate.

Multivariable logistic regression analysis was performed to 
explore factors independently associated with in-hospital 
mortality. Results were reported as odds ratios (ORs) with 
95% confidence intervals (CIs).

Given the limited number of outcome events, the 
multivariable model was intentionally restricted to a small 
number of clinically relevant variables to reduce the risk 
of overfitting and statistical instability. Accordingly, the 
multivariable findings should be interpreted cautiously 
and considered exploratory rather than confirmatory.

Results
A total of 39 pediatric patients received postoperative 
rescue levosimendan during the study period. One patient 
was excluded because of interhospital transfer before final 
outcome assessment, leaving 38 patients in the final analysis.
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The demographic, operative, and postoperative 
characteristics of survivors and non-survivors are summarized 
in Table 1. The cohort was characterized by substantial 
procedural complexity, with 71.1% of patients classified 
in STAT Mortality Categories 4–5. Baseline demographic 
characteristics, including age, sex, and body weight, were 
comparable between survivors and non-survivors.

Overall in-hospital mortality was 34.2% (13/38). Non-
survivors required ECMO support significantly more 
frequently than survivors (84.6% vs. 20.0%, p<0.001). In 
addition, non-survivors had significantly higher VIS values 
at the time of levosimendan initiation (median, 22 vs. 17; 
p=0.048), consistent with greater hemodynamic support 
requirements at treatment initiation.

Other perioperative variables, including cardiopulmonary 
bypass duration and aortic cross-clamp duration, did not 
differ significantly between survivors and non-survivors. 
Overall, the cohort was characterized by high surgical 
complexity, substantial vasoactive support requirements, 
and frequent use of ECMO. Delayed sternal closure was 
performed in 36.8% of patients, further illustrating the 
substantial postoperative complexity of this population.

In multivariable logistic regression analysis, ECMO 
requirement remained strongly associated with in-hospital 
mortality (adjusted OR, 17.8; 95% CI, 3.4–92.1; p=0.001). 
In contrast, VIS at levosimendan initiation did not retain 
statistical significance after adjustment (Table 2). Given the 
small number of outcome events and the wide confidence 
interval surrounding the ECMO estimate, these findings 
should be interpreted as exploratory.

Discussion
The principal finding of the present study is that pediatric 
patients receiving rescue levosimendan after congenital 
heart surgery constitute a highly selected, extreme-risk 

postoperative subgroup characterized by substantial 
surgical complexity, advanced circulatory failure, high 
vasoactive support requirements, frequent use of ECMO, 
and considerable in-hospital mortality. Importantly, these 
findings should not be interpreted as demonstrating a 
direct beneficial or harmful effect of levosimendan.

In this cohort, levosimendan was not used as a first-line 
intervention but rather as rescue therapy in patients with 
persistent hemodynamic deterioration despite optimized 
conventional management. Treatment allocation was 
therefore inherently influenced by the severity of the 
underlying postoperative condition. This introduces 
confounding by indication, a well-recognized limitation of 
observational studies evaluating rescue therapies, in which 
the most critically ill patients are preferentially selected 
to receive additional interventions.[6,7] Accordingly, the 
outcomes observed after levosimendan administration 
likely reflect, at least in substantial part, the severity of 
the underlying circulatory failure rather than the isolated 
therapeutic effect of levosimendan itself.

The high proportion of STAT Mortality Category 4–5 
procedures further supports the substantial baseline 
risk of this population. Furthermore, relatively high VIS 
values at the time of levosimendan initiation indicate that 
considerable pharmacologic cardiovascular support was 
already required when rescue therapy was introduced. 
VIS has consistently been associated with postoperative 

Table 1. Baseline characteristics of the overall cohort, survivors, and non-survivors

Variable Overall (n=38) Survivors (n=25) Non-survivors (n=13) p

Age, months, median (IQR) 6.5 (2.0–14.0) 7.2 (2.5–15.0) 5.4 (1.8–11.0) 0.642

Weight, kg, median (IQR) 5.8 (3.5–9.2) 6.1 (3.8–9.8) 5.2 (3.2–8.5) 0.528

Male sex, n (%) 21 (55.3) 14 (56.0) 7 (53.8) 0.896

STAT category 4–5, n (%) 27 (71.1) 17 (68.0) 10 (76.9) 0.714

CPB time, min, median (IQR) 168 (124–210) 162 (120–195) 178 (135–220) 0.412

Cross-clamp time, min, median (IQR) 104 (78–142) 98 (75–135) 112 (82–150) 0.384

Delayed sternal closure, n (%) 14 (36.8) 8 (32.0) 6 (46.2) 0.485

VIS at levosimendan initiation, median (IQR) 20 (13–27) 17 (12–24) 22 (18–34) 0.048

ECMO support, n (%) 16 (42.1) 5 (20.0) 11 (84.6) <0.001
CPB: Cardiopulmonary bypass; ECMO: Extracorporeal membrane oxygenation; IQR: Interquartile range; STAT: Society of Thoracic Surgeons–European Association for Cardio-Tho-
racic Surgery; VIS: Vasoactive–inotropic score.

Table 2. Multivariable logistic regression analysis of in-hospital 
mortality

Variable Adjusted OR (95% CI) p

ECMO support 17.8 (3.4–92.1) 0.001

VIS at levosimendan initiation 1.08 (0.92–1.21) 0.229
OR: Odds ratio; CI: Confidence interval; VIS: Vasoactive–inotropic score; ECMO: Extra-
corporeal membrane oxygenation.
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morbidity and mortality following pediatric cardiac surgery 
and is widely used as a marker of cardiovascular support 
intensity and illness severity.[1,3] In the present cohort, VIS 
was higher among non-survivors in unadjusted analysis 
but did not retain statistical significance after multivariable 
adjustment. Given the limited sample size and number of 
deaths, however, this finding should not be interpreted as 
evidence that VIS lacks prognostic relevance.
The strongest observed association was between ECMO 
requirement and in-hospital mortality. Patients who 
required ECMO had substantially higher mortality than 
those managed without mechanical circulatory support, 
and ECMO requirement remained associated with mortality 
in the exploratory multivariable model. This observation is 
clinically plausible and consistent with previous literature 
showing that pediatric patients requiring ECMO following 
congenital heart surgery represent a population with 
severe refractory cardiac or cardiopulmonary failure and 
substantial mortality.[8,9] In the present study, ECMO should 
therefore be regarded primarily as a marker of advanced 
postoperative illness severity rather than as an independent 
causal determinant of mortality.
Interpretation of levosimendan-related outcomes in 
pediatric cardiac surgery remains challenging because the 
existing literature is heterogeneous. Although levosimendan 
has been proposed as a potentially useful inodilator in 
patients with postoperative myocardial dysfunction, 
available pediatric evidence remains inconclusive.[10,11] 
Previous studies have been limited by relatively small sample 
sizes, heterogeneous congenital heart defects and surgical 
procedures, variable treatment indications and timing, 
and substantial potential for confounding by indication.
[4,5] These limitations make it difficult to determine which 
patients are most likely to benefit from levosimendan and 
at what stage of postoperative circulatory deterioration the 
drug should be administered.

The timing of levosimendan administration is therefore 
an important area for future investigation. In our cohort, 
levosimendan was generally initiated after substantial 
escalation of conventional vasoactive support and 
evidence of significant hemodynamic compromise. 
However, because this study did not compare different 
treatment timings or include a control group not receiving 
levosimendan, no conclusions can be drawn regarding 
whether earlier administration would improve clinical 
outcomes. Prospective studies incorporating standardized 
treatment criteria and clearly defined timing strategies are 
needed to address this question.

From a clinical perspective, receipt of rescue levosimendan 
may help identify a subgroup of patients with particularly 

severe postoperative circulatory dysfunction. Rather than 
serving as a direct measure of treatment effectiveness, 
levosimendan exposure in this setting may function as a 
marker of escalating cardiovascular support requirements 
and advanced hemodynamic instability. Recognition 
of this phenotype may be useful for risk stratification 
and intensified clinical surveillance. However, whether 
levosimendan administration itself should influence the 
timing of mechanical circulatory support or other escalation 
strategies cannot be determined from the present data.

Overall, the present study provides a detailed description 
of a clinically important but insufficiently characterized 
subgroup of pediatric cardiac surgical patients receiving 
levosimendan as rescue therapy. The findings highlight 
that rescue levosimendan use occurs in the context of 
advanced postoperative circulatory failure and should 
therefore be interpreted primarily as a marker of severe 
illness rather than as an isolated therapeutic determinant 
of outcome.

Limitations
Several limitations should be acknowledged. First, the 
retrospective single-center design limits the generalizability 
of the findings and introduces the potential for selection bias.

Second, the relatively small sample size (n=38) and limited 
number of outcome events constrained the complexity of 
multivariable modeling and reduced statistical precision. 
In particular, the wide confidence interval surrounding 
the association between ECMO requirement and mortality 
(adjusted OR, 17.8; 95% CI, 3.4–92.1) indicates substantial 
uncertainty in the effect estimate and potential model 
instability. Although this association remained statistically 
significant, the multivariable findings should be interpreted 
cautiously and regarded as exploratory and hypothesis-
generating rather than definitive.

Third, the study is inherently subject to confounding 
by indication because levosimendan was preferentially 
administered to patients with more severe hemodynamic 
compromise despite optimized conventional support. 
Consequently, the observed outcomes are likely to reflect, 
at least in part, the severity of the underlying postoperative 
circulatory failure rather than the isolated effect of 
levosimendan. This substantially limits any inference 
regarding treatment efficacy.

Fourth, the absence of a contemporaneous comparator 
group of clinically similar patients who did not receive 
levosimendan precluded direct assessment of levosimendan-
related treatment effects and prevented causal interpretation.

Finally, detailed serial hemodynamic and biochemical 
measurements, including lactate kinetics, serial 



143Hekim Yılmaz et al., Levosimendan in Pediatric Cardiac Surgery / Doi: 10.14744/GKDAD.2026.10693

ventricular function assessments, and temporal changes 
in vasoactive support, were not systematically evaluated. 
This limited assessment of the hemodynamic trajectory 
surrounding levosimendan administration and may have 
contributed to residual confounding. In addition, although 
levosimendan initiation was guided by institutional 
clinical practice, the absence of a strictly protocolized 
treatment algorithm may have introduced variability in 
treatment selection and timing.

Conclusion
Pediatric patients requiring rescue levosimendan 
after congenital heart surgery represent a high-risk 
postoperative population characterized by advanced 
circulatory failure, substantial vasoactive support 
requirements, and considerable mortality. Higher VIS at 
levosimendan initiation and the frequent requirement 
for ECMO among non-survivors reflect the severity of 
hemodynamic deterioration in this population. ECMO 
requirement remained strongly associated with in-hospital 
mortality in the exploratory multivariable analysis. These 
findings suggest that rescue levosimendan use may 
identify an extreme-risk postoperative phenotype rather 
than demonstrate a treatment effect. Larger prospective 
studies with standardized treatment protocols and 
appropriate comparator groups are needed to clarify 
the role and optimal timing of levosimendan in pediatric 
cardiac surgery.
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