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Abstract: The purpose of this review is to discuss the management of the low cardiac output syn-

drome (LCOS) following surgery for congenital heart disease. The LCOS is a well-recognized, fre-

quent post-operative complication with an accepted collection of hemodynamic and physiologic aber-

rations. Approximately 25% of children experience a decrease in cardiac index of less than 2 

L/min/m
2
 within 6-18 hours after cardiac surgery. Post-operative strategies that may be used to man-

age patients as risk for or in a state of low cardiac output include the use of hemodynamic monitoring, enabling a timely 

and accurate assessment of cardiovascular function and tissue oxygenation; optimization of ventricular loading conditions; 

the judicious use of inotropic agents; an appreciation of and the utilization of positive pressure ventilation for circulatory 

support; and, in some circumstances, mechanical circulatory support. All interventions and strategies should culminate in 

improving the relationship between oxygen supply and demand, ensuring adequate tissue oxygenation.  

Keywords: Acute kidney injury, heart failure, hemodynamic monitoring, low cardiac output, mechanical circulatory devices, 
Pediatrics, vasoactive therapies. 

INTRODUCTION 

 The LCOS refers to the reduction in cardiac output that 
may occur following cardiopulmonary bypass (CPB) for 
correction of congenital heart disease. It is a well-
recognized, post-operative phenomenon that may be seen 
following pediatric heart surgery. Although no stringent di-
agnostic criteria exist, an accepted collection of hemody-
namic and physiologic aberrations occur which alert the car-
diac intensivist to its presence. A variety of therapeutic 
strategies can be applied to support cardiac function and car-
diac output and include optimization of ventricular preload; 
inotropic and afterload reducing agents; positive pressure 
ventilation; and in extreme circumstances mechanical circu-
latory support. Early recognition of and intervention for the 
LCOS is paramount due to its adverse impact on periopera-
tive morbidity and mortality. 

INCIDENCE  

 The LCOS was first described by Parr and colleagues in 
1975 [1]. They used dye dilution to measure cardiac index 
(CI) and discovered that 25% of children after cardiac sur-
gery have a CI of less than 2.0 L/min/m

2
. Some 20 years 

later, Wernovsky and colleagues demonstrated a similar in-
cidence of LCOS in patients after the arterial switch  
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operation [2]. They determined that measurable drops in CI 
to less than 2L/min/m

2
 occur in 25% of patients in the post-

operative period with most nadirs occurring between 6-18 
hours following admission to the intensive care unit (Fig. 1). 

PATHOPHYSIOLOGY AND CAUSES 

 In order to understand the contributing factors that cul-
minate in the LCOS, one must grasp the pathophysiologic 
aberrations that may impair cardiac function following car-
diac surgery. The etiology of the LCOS is generally multi-
factorial. It may result from either left ventricular (LV), right 
ventricular (RV) or systemic ventricular (single ventricle 
anatomy) dysfunction and may include systolic and or dia-
stolic dysfunction. Ventricular dysfunction may be exacer-
bated by inadequate preload or alterations in RV and or LV 
afterload. The underlying physiology resulting from the con-
genital defect may include a volume and or pressure load, 
which may dramatically alter ventricular function, impacting 
postoperative management. A residual volume load may be 
caused by an intra-cardiac shunt at the atrial or ventricular 
level or a patent ductus arteriosus. A residual pressure load 
may result from stenotic valves or conduits, or from altera-
tions in systemic vascular resistance (SVR) or pulmonary 
vascular resistance (PVR). The RV is especially sensitive to 
changes in afterload, as it has significantly less contractile 
reserve than the systemic or LV. Increases in RV afterload 
may result from conduit stenosis, pulmonary artery narrow-
ing, heightened pulmonary vascular reactivity, pulmonary 
venous obstruction, left atrial hypertension, mitral stenosis, 
or poor LV function.  
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0.05), no significant difference in the 24 h drainage was
found(p = 0.095).

Discussions
LCOS is one of the common complications after heart
surgery, and it is also an important cause of death in
children after CHD [11]. Studies have reported that the
incidence of LCOS after heart surgery can be as high as
25.16%. Although studies [12, 13] have reported that the
occurrence of LCOS may be related to preoperative car-
diac function, intraoperative operations and CPB, there
are still no exact indicators to reflect the risk of its oc-
currence. Therefore, exploring the risk factors of LCOS
is of great significance to the prevention and treatment
of LCOS after CHD in children. At present, domestic
and foreign studies on the risk factors of LCOS after
CHD in children are inconsistent. It is believed that the
occurrence of LCOS is caused by multiple factors, in-
cluding impaired systolic and diastolic function of the
heart, changes in cardiac load, and activation of inflam-
matory transmitters [14, 15]. The results of our study
have found that age ≤ 4y, preoperative oxygen satur-
ation ≤ 93%, two-way ventricular shunt, duration of
CPB ≥ 60min, postoperative residual shunt were the in-
dependent risk factors of LCOS in patients with CHD.
Clinically, these risk factors should be identified early,
and relevant intervention measures should be taken as
soon as possible to reduce the occurrence of LCOS.
The younger the age, the higher the incidence of L

COS, which may be associated to the incomplete devel-
opment of myocardial cells in younger children and the
susceptibility to ischemia and hypoxia [16, 17]. At the
same time, most of the younger children who require

early surgery have severe disease and deformity, LCOS is
more likely to occur after surgery [18]. The incidence of
LCOS in children with preoperative ventricular two-way
shunt was significantly higher than that of non-shunt or
other shunts [19]. Ventricular horizontal bidirectional
shunt mostly occurs in the late stage of left-to-right shunt
CHD such as ventricular septal defect with pulmonary
hypertension [20]. The possible cause of postoperative
LCOS may be increased pulmonary artery pressure before
surgery or increased pulmonary circulation, which may
lead to increased pulmonary vascular resistance in chil-
dren after surgery [21]. Meanwhile, the systemic inflam-
matory response caused by CPB damages the pulmonary
vascular endothelium and changes the vascular inflamma-
tory response, increases the production of thromboxane,
and reduces the production of endogenous NO, which
causes pulmonary vasoconstriction and pulmonary vascu-
lar microthrombosis, leading to pulmonary blood vessels
[22, 23]. A further increase in resistance increases the
right ventricular afterload, which further leads to the oc-
currence of right heart failure and LCOS [24].
The lung ischemia-reperfusion injury caused by CPB

also causes damage to the alveolar epithelial-endothelial
barrier, leading to pulmonary congestion and pulmonary
edema, and restricting oxygenation [25]. Meanwhile,
CPB can lead to local postoperative ischemia-
reperfusion injury [26]. The systemic inflammatory reac-
tion increases the body’s energy requirements, makes
the body in a high metabolic state, increases myocardial
oxygen consumption, increases cardiac work, and further
aggravates cardiac function damage [27]. Postoperative
residual shunt is a common complication after CHD
surgery in children, with an incidence of 5 to 25% [24,
28, 29]. The immediate postoperative residual shunt
mainly occurs in children with intracardiac malforma-
tions with severe pulmonary hypertension [30]. At the
time of unidirectional valve or artificial stoma, most of
these children have severe disease and poor basic cardiac
function [31]. The abnormal hemodynamics caused by
residual shunt can aggravate the myocardial damage
[32], and finally lead to LCOS.
The complications of LCOS after CPB operation can

casuse adverse consequences for the patients. This study
has found that children in the LCOS group have

Table 3 The variable assignment of multivariate logistic
regression
Factors Variables Assignment

LCOS Y Yes = 1, no = 2

Age(y) X1 ≤4 = 1, > 4 = 2

Preoperative oxygen saturation(%) X2 ≤93 = 1, > 93 = 2

Two-way ventricular shunt X3 Yes = 1, no = 2

Duration of CPB (min) X4 ≥60 = 1, < 60 = 2

Postoperative residual shunt X5 Yes = 1, no = 2

Table 4 Logistic regression analysis on the risk factors of LCOS in patients with CHD
Variables β S−x OR 95%CI P

Age≤ 4y 0.103 0.217 2.426 1.044 ~ 4.149 0.012

Preoperative oxygen saturation ≤ 93% 0.127 0.220 2.175 1.182 ~ 5.033 0.025

Two-way ventricular shunt 0.131 0.127 3.994 1.247 ~ 6.797 0.006

Duration of CPB≥ 60 min 0.146 0.170 2.172 1.002 ~ 4.309 0.043

Postoperative residual shunt 0.109 0.113 1.487 1.093 ~ 2.383 0.027
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Analysis of risk factors of low cardiac
output syndrome after congenital heart
disease operation: what can we do
Bangrong Song, Haiming Dang and Ran Dong*

Abstract

Background: It’s necessary to analyze the related risk factors and complications of low cardiac output syndrome
(LCOS) after operation in children with congenital heart disease (CHD), to elucidate the management strategy of
LCOS.

Methods: CHD children admitted to the department of cardiology in our hospital from January 15, 2019 to
October 31, 2020 were included. The personal and clinical data of CHD children with LCOS and without LCOS were
collected and compared. Logistic regression analyses were conducted to identify the risk factors of postoperative
LCOS. Besides, the complication and mortality of LCOS and no LCOS patients were compared.

Results: A total of 283 CHD patients were included, the incidence of postoperative LCOS in CHD patients was
12.37%. There were significant differences in the age, preoperative oxygen saturation, two-way ventricular shunt,
duration of CPB and postoperative residual shunt between two groups (all p < 0.05). Logistic regression analyses
indicated that age ≤ 4y(OR2.426, 95%CI1.044 ~ 4.149), preoperative oxygen saturation≤ 93%(OR2.175, 95%CI1.182 ~
5.033), two-way ventricular shunt (OR3.994, 95%CI1.247 ~ 6.797), duration of CPB≥ 60 min(OR2.172, 95%CI1.002 ~
4.309), postoperative residual shunt (OR1.487, 95%CI1.093 ~ 2.383) were the independent risk factors of LCOS in
patients with CHD (all p < 0.05). There were significant differences in the acute liver injury, acute kidney injury,
pulmonary infection, tracheotomy, duration of mechanical ventilation, length of ICU stay and mortality (all p < 0.05),
no significant difference in the 24 h drainage was found(p = 0.095).

Conclusion: LCOS after CHD is common, more attentions should be paid to those patients with age ≤ 4y,
preoperative oxygen saturation≤ 93%, two-way ventricular shunt, duration of CPB ≥ 60 min, postoperative residual
shunt to improve the prognosis of CHD patients.

Keywords: Low cardiac output syndrome, Congenital heart disease, Cardiology, Pediatric, Surgery, Treatment, Care

Background
Congenital heart disease (CHD) is kind of heart disease
caused by abnormal development of the heart and blood
vessels in the fetus, and it is very common in the clinical
pediatric cardiology [1]. Because of its inability to heal it-
self, relevant surgery treatment is needed for patients

with CHD [2]. The early diagnosis and treatment of
CHD is essential to the prognosis of patients. Correction
of congenital malformations by cardiopulmonary bypass
(CPB) under direct vision is the main surgical method
for the treatment of CHD [3]. Low cardiac output syn-
drome (LCOS) is a common serious complication after
the operation of CHD, the incidence of LOCS after op-
eration varies from 9.08 to 21.25%, and it is also the
major cause of death of children after operation [4, 5].
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Background: Low cardiac output syndrome (LCOS) is the most common
complication after cardiac surgery, which is associated with the extension of
postoperative hospital stay and postoperative death in children with
congenital heart disease (CHD). Although there are some studies on the risk
factors of LCOS in children with CHD, an unified conclusion is lack at present.
Purposes: To synthesize the risk factors of LCOS after CHD in children, and to
provide evidence-based insights into the early identification and early
intervention of LCOS.
Methods: The databases of the China National Knowledge Infrastructure
(CNKI), Wanfang Database, China Science and Technology Journal Database
(VIP), PubMed, Cochrane Library, Embase and Web of Science were searched
for relevant articles that were published between the establishing time of
each database and January 2022. Based on retrospective records or cohort
studies, the influencing factors of postoperative low cardiac output in
children with congenital heart disease were included in Meta analysis.This
study followed the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines. The risk of bias was evaluated according
to the Newcastle-Ottawa Scale (NOS). RevMan 5.4 software was used to
conduct the meta-analysis.
Results: A total of 1,886 records were screened, of which 18 were included in
the final review. In total, 37 risk factors were identified in the systematic review.
Meta- analysis showed that age, type of CHD, cardiac reoperation, biventricular
shunt before operation, CPB duration, ACC duration, postoperative residual
shunt, cTn-1 level 2 h after CPB > 14 ng/ml and postoperative 24 h MR-
ProADM level > 1.5 nmol/l were independent risk factors of LCOS.
Additionally, the level of blood oxygen saturation before the operation was
found to have no statistically significant relationship with LOCS.
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Background: Low cardiac output syndrome (LCOS) is the most common
complication after cardiac surgery, which is associated with the extension of
postoperative hospital stay and postoperative death in children with
congenital heart disease (CHD). Although there are some studies on the risk
factors of LCOS in children with CHD, an unified conclusion is lack at present.
Purposes: To synthesize the risk factors of LCOS after CHD in children, and to
provide evidence-based insights into the early identification and early
intervention of LCOS.
Methods: The databases of the China National Knowledge Infrastructure
(CNKI), Wanfang Database, China Science and Technology Journal Database
(VIP), PubMed, Cochrane Library, Embase and Web of Science were searched
for relevant articles that were published between the establishing time of
each database and January 2022. Based on retrospective records or cohort
studies, the influencing factors of postoperative low cardiac output in
children with congenital heart disease were included in Meta analysis.This
study followed the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines. The risk of bias was evaluated according
to the Newcastle-Ottawa Scale (NOS). RevMan 5.4 software was used to
conduct the meta-analysis.
Results: A total of 1,886 records were screened, of which 18 were included in
the final review. In total, 37 risk factors were identified in the systematic review.
Meta- analysis showed that age, type of CHD, cardiac reoperation, biventricular
shunt before operation, CPB duration, ACC duration, postoperative residual
shunt, cTn-1 level 2 h after CPB > 14 ng/ml and postoperative 24 h MR-
ProADM level > 1.5 nmol/l were independent risk factors of LCOS.
Additionally, the level of blood oxygen saturation before the operation was
found to have no statistically significant relationship with LOCS.
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Conclusion: The risk factors of postoperative LCOS in children with CHD are related to
disease condition, intraoperative time and postoperative related indexes, so early
prevention should be aimed at high-risk children.
Systematic Review Registration: https://www.crd.york.ac.uk/prospero/, identifier:
CRD42022323043.
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children, congenital heart disease, low cardiac output syndrome, risk factors, meta-analysis,
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Introduction

Congenital heart disease (CHD) is a congenital
malformation caused by abnormal development of the heart
and large vessels during the fetal period. At present, CHD
ranks the first among birth defects in China and has become
a major public health problem affecting children’s physical
and mental health and the quality of life (1). The report
shows that there are more than 130,000 new children with
CHD in China every year (2).

Low cardiac output syndrome (LCOS) is a clinical syndrome
in which cardiac oxygen supply is reduced due to myocardial
dysfunction and cardiovascular dysfunction, thus, insufficient
oxygen can be provided to tissues and terminal organs to
meet the body’s metabolic needs (3). LCOS is the most
common complication after cardiac surgery, which is
associated with high morbidity and mortality (4).The
incidence of postoperative LCOS in children with CHD is
25%∼60%, which usually occurs 6∼18 h after the operation
(5–7), and the mortality rate can exceed 20% (8). The
occurrence of LCOS may lead to poor prognosis, the extended
hospitalization time, and the increased risk of adverse
complications and high medical expenses, which brings a
heavy burden on the child, family, and society (9). Therefore,
reducing the incidence of postoperative LCOS in children
with CHD is important to reduce the perioperative morbidity
and mortality of children with CHD.

So far, there are some studies on the associated factors for
the postoperative, intraoperative risk factors and postoperative
risk factors. The preoperative risk factors included age, type of
CHD, blood oxygen saturation, body weight, cardiac function
grade and so on. The intraoperative risk factors include the
duration of cardiopulmonary bypass (CPB), the type of
cardioplegia, circulatory temperature and so on. The
postoperative risk factors included residual shunt, 2 h cTn-1
level after CPB, 12 h ScvO2 level after CPB and so
on.However, the results of studies on risk factors of LCOS in
children with CHD in China and abroad are not consistence.
One study (9) found that preoperative blood oxygen
saturation was statistically significant with the incidence of
LCOS in CHD children, which was not significant in another
study (10). Mao (11) found that the preoperative left

ventricular end-diastolic diameter was a protective factor for
postoperative LCOS, but no other studies confirmed this
conclusion.There are many similar results, and the same
factor has not been uniformly confirmed in different
studies.Therefore, we conducted a systematic review of the
existing domestic and international publications; in addition,
we applied meta-analysis to evaluate the impacts of certain
risk factors on the incidence of LCOS. Efforts can be made on
the modifiable factors when developing early interventions to
reduce the incidence of LCOS, and eventually to improve the
quality of life of children and their caregivers.

Methods

Search strategy

Both the systematic review and the meta-analysis were drafted
according to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement. The study was
registered in PROSPERO, number CRD42022323043. We
searched the databases of the China National Knowledge
Infrastructure (CNKI), Wanfang Database and China Science
and Technology Journal Database (VIP), PubMed, Cochrane
Library, Embase, and Web of Science, and the references
included were searched retrospectively. The search time limit is
from the establishment of the database to January 8, 2022. The
following MeSH terms and free words were combined to
construct systemic searches: “congenital heart disease/Heart
Defects, Congenital”, “low cardiac output syndrome/Cardiac
Output, Low/low cardiac output” and “risk factor*/relevant
factor*/predictor/associate factors/influence*/root case analysis”.

The diagnosis of LCOS

The diagnosis of LCOS was made if patients met more than
two of following diagnostic criteria: ① Heart index < 2
L.min−1.m−2; ② Left ventricular ejection fraction < 40%; ③

Systolic blood pressure < 90 mmHg or systolic blood pressure
decreased by more than 20% compared with preoperative
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Background: Low cardiac output syndrome (LCOS) is the most common
complication after cardiac surgery, which is associated with the extension of
postoperative hospital stay and postoperative death in children with
congenital heart disease (CHD). Although there are some studies on the risk
factors of LCOS in children with CHD, an unified conclusion is lack at present.
Purposes: To synthesize the risk factors of LCOS after CHD in children, and to
provide evidence-based insights into the early identification and early
intervention of LCOS.
Methods: The databases of the China National Knowledge Infrastructure
(CNKI), Wanfang Database, China Science and Technology Journal Database
(VIP), PubMed, Cochrane Library, Embase and Web of Science were searched
for relevant articles that were published between the establishing time of
each database and January 2022. Based on retrospective records or cohort
studies, the influencing factors of postoperative low cardiac output in
children with congenital heart disease were included in Meta analysis.This
study followed the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines. The risk of bias was evaluated according
to the Newcastle-Ottawa Scale (NOS). RevMan 5.4 software was used to
conduct the meta-analysis.
Results: A total of 1,886 records were screened, of which 18 were included in
the final review. In total, 37 risk factors were identified in the systematic review.
Meta- analysis showed that age, type of CHD, cardiac reoperation, biventricular
shunt before operation, CPB duration, ACC duration, postoperative residual
shunt, cTn-1 level 2 h after CPB > 14 ng/ml and postoperative 24 h MR-
ProADM level > 1.5 nmol/l were independent risk factors of LCOS.
Additionally, the level of blood oxygen saturation before the operation was
found to have no statistically significant relationship with LOCS.

TYPE Systematic Review
PUBLISHED 10 January 2023| DOI 10.3389/fped.2022.954427
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472 Circulation Research Vol 61, No 3, September 1987

A

FIGURE 5. Longitudinal sections through an adult myocyte (A) and a three-week-old mvocyte (B) show the differences between the
two ages in cell shape and in the disposition of mitochondria and nuclei relative to the myofibrils. The second nucleus of the adult
cell lies just off the top of the page.
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FIGURE 7. Longitudinal section of an adult cell. T-tubule profiles are penetrating at the Z-line levels of the cell surface, on the right,
and appear as triads flanking each Z line. Rows of mitochondria and myofibrils that alternate across the image typify the arrangement
in the adult cell. Myofibril closest to the cell surface passes out of the section plane for a short distance, allowing for the observation
of mitochondria that envelop each myofibril. A vesiculated gap junction is at the right (arrowhead).
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Myocyte Adulte Myocyte NN

• Faible densité en myofibrilles
• Disposition myofibrilles non linéaires et 

chaotiques
• Faible nombre de sarcomères et de 

mitochondries
• Faible capacité de stockage en Ca++ ionisé
• Riche en éléments non contractiles
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cell lies just off the top of the page.
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La problématique doit être gérée au bloc

• Sevrage de la CEC
• FSR?
• Recours à une assistance?



Eléments décisionnels 
• Pressions:

• PA 
• Valeur
• Pulsatilité

• PAP
• POG

• Svo2
• NIRS
• Biologie:

• Lactates
• Calcémie
• Troponine
• BNP

• Echographie:
• la fonction de chaque ventricule

• FR, FE, ITV ssAo 
• La cinétique globale et segmentaire
• L’œdème myocardique
• Les pressions pulmonaires
• La volémie
• Les lésions résiduelles
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Check list des causes à éliminer

• Vérifier l’airway: position sonde, taille
• Vérifier la ventilation: atélectasie, pneumothorax
• Tamponnade
• Crise d’HTAP
• Troubles du rythme
• Lésions résiduelles (CIV résiduelle, gradient sur les voies d’éjection…), montages vicieux.
• Troubles électrolytes (Hypocalcémie) 
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• Traquer la lésion résiduelle

15% des ECMO post cardiotomies présentaient des lésions résiduelles

•Obstruction à l’éjection ventriculaire

•Shunt residuel

•Fuite d’une VAV
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100% de mortalité chez les enfants mis sous ECMO avec des 
lésions résiduelles



Conditions préopératoires
Défaillance connue : coronaire anormale
Anatomique : adaptation progressive à la réparation (petit VG)

Conditions per-opératoires
Longue durée de clampage aortique
Défaut de protection myocardique
Sevrage trop précoce de la CEC sans phase d’assistance
Lésions coronariennes, ventriculaires
Réparation incomplète

LCOS origines



Incapacité du myocarde à maintenir un débit cardiaque suffisant pour assurer la 
demande en O2 de la circulation régionale.
Sans traitement : activation d’un cercle vicieux  

Morbidité et Décès 
Insuffisance cardiaque chronique

Si le bas débit est d’origine ischémique et/ou stunning et/ou hibernation, réversible par 
un traitement adhoc, initié rapidement.

Physiopathologie LCOS
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Stratégies thérapeutiques

• Anticiper le LCOS:
• Protection myocardique: respect des délais de réinjection….
• Ultrafiltration per CEC
• Autres stratégies anti-inflammatoires
• Phase d’assistance post déclampage

• Traiter le LCOS:
• Optimiser la précharge (Kt OG – PVC..)
• Support inotrope
• Optimiser la post charge:

• VD: NOi, IPDE5
• VG:IPDE3

• Traitement des oedemes interstitiels:
• Diuretiques à fortes doses 
• Dialyse péritonéale



Pas de consensus pour traiter le LCOS en chirurgie cardiaque et pédiatrique
Beaucoup de publications 
Faible niveau de preuves

Catécholamines 
IPDE
Levosimendan

Support inotrope
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e!icacy of levosimendan versus dobutamine, enoximone or placebo, epinephrine versus norepinephrine-dobutamine, amrinone versus
dobutamine, dopexamine versus dopamine, enoximone versus dopamine and nitric oxide versus placebo.

All trials were published in peer-reviewed journals, and analysis was done by the intention-to-treat (ITT) principle. Twelve of 13 trials
were small with few included participants. Acknowledgement of funding by the pharmaceutical industry or missing conflict of interest
statements emerged in five of 13 trials. In general, confidence in the results of analysed studies was reduced due to serious study limitations,
very serious imprecision or indirectness. Domains of concern, which show a high risk of more than 50%, include performance bias (blinding
of participants and personnel) and bias a!ecting the quality of evidence on adverse events.

Levosimendan may reduce short-term mortality compared to a therapy with dobutamine (RR 0.60, 95% CI 0.37 to 0.95; 6 studies; 1776
participants; low-quality evidence; NNT: 16 (patients with moderate risk), NNT: 5 (patients with CS)). This initial short-term survival benefit
with levosimendan vs. dobutamine is not confirmed on long-term follow up. There is uncertainty (due to lack of statistical power) as to
the e!ect of levosimendan compared to therapy with placebo (RR 0.48, 95% CI 0.12 to 1.94; 2 studies; 55 participants, very low-quality
evidence) or enoximone (RR 0.50, 95% CI 0.22 to 1.14; 1 study; 32 participants, very low-quality evidence).

All comparisons comparing other positive inotropic, inodilative or vasodilative drugs presented uncertainty on their e!ect on short-term
mortality with very low-quality evidence and based on only one RCT. These single studies compared epinephrine with norepinephrine-
dobutamine (RR 1.25, 95% CI 0.41 to 3.77; 30 participants), amrinone with dobutamine (RR 0.33, 95% CI 0.04 to 2.85; 30 participants),
dopexamine with dopamine (no in-hospital deaths from 70 participants), enoximone with dobutamine (two deaths from 40 participants)
and nitric oxide with placebo (one death from three participants).

Authors' conclusions

Apart from low quality of evidence data suggesting a short-term mortality benefit of levosimendan compared with dobutamine, at present
there are no robust and convincing data to support a distinct inotropic or vasodilator drug-based therapy as a superior solution to reduce
mortality in haemodynamically unstable people with cardiogenic shock or LCOS.

Considering the limited evidence derived from the present data due to a generally high risk of bias and imprecision, it should be emphasised
that there remains a great need for large, well-designed randomised trials on this topic to close the gap between daily practice in critical
care medicine and the available evidence. It seems to be useful to apply the concept of 'early goal-directed therapy' in cardiogenic shock
and LCOS with early haemodynamic stabilisation within predefined timelines. Future clinical trials should therefore investigate whether
such a therapeutic concept would influence survival rates much more than looking for the 'best' drug for haemodynamic support.

P L A I N   L A N G U A G E   S U M M A R Y

Inotropic and vasodilator strategies in people with cardiogenic shock or low cardiac output

Review question

We reviewed evidence of the treatment with di!erent inotropic agents and vasodilative drugs for their e!ects on mortality in people with
cardiogenic shock (CS) or low cardiac output syndrome (LCOS).

Background

CS and LCOS still remain life-threatening complications. Inotropic and vasoactive drugs are potent, but potentially harmful agents. Their
benefits and harms are associated with mortality.

Study characteristics

This evidence is current to June 2017. We included 13 studies with 2001 participants with CS or LCOS as complications of myocardial
infarction, heart failure or cardiac surgery, with follow-up periods between the length of the recovery period up to 12 months. Four studies
were funded by a drug manufacturer.

Key results

We compared di!erent approaches to standard therapies with possible addition of inotropic or vasoconstrictive drugs as levosimendan,
dobutamine, enoximone, epinephrine. This review presents low-quality evidence that levosimendan compared to dobutamine reduces
short-term mortality. The survival benefit with levosimendan vs. dobutamine is not confirmed on long-term follow up. Very low-quality
evidence shows uncertainty around the e!ect of levosimendan compared to placebo or enoximone. Very low-quality evidence shows
uncertainty on the comparison of epinephrine with norepinephrine-dobutamine, amrinone or enoximone with dobutamine, dopexamine
with dopamine, and nitric oxide with placebo.

Quality of evidence

We have reduced confidence in the results of the studies that we analysed (low- or very low-quality evidence) due to serious study
limitations, very serious imprecision or indirectness.

Inotropic agents and vasodilator strategies for the treatment of cardiogenic shock or low cardiac output syndrome (Review)
Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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Effets potentiellement délétères des catécholamines…

A utiliser aux plus faibles doses possibles!!!

`Penser rapidement à une assistance circulatoire plutôt que de monter les 
doses!!

Le meilleur agent inotrope/vasopresseur?



Mécanismes dʼaction des inotropes

Toller WG. et al. Anesthesiology 2006
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Etude 100 pts. Romson JL. Anesthesio 1999
La fréquence augmente de 1,45 bpm par µg/kg/min
Risque de tachycardie + rapide
Le débit cardiaque augmente principalement par 
lʼaugmentation de fréquence

Dobu vs Milrinone (120  pts). Feneck RO.  JCVA 2001
Dobu 10 à 20 µg/kg/min, Milrinone 0,5 µg/kg/min

H1, débit cardiaque : Dobu + 55%, Milrinone + 36%
Fc : Dobu + 35%, Milrinone + 10%
PAM : Dobu + 31%, Milrinone + 7%
Dobu : hypertension et fibrillation atriale

Dobutamine
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Milrinone
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Association IPDE III + Epinéphrine

Baisse des SVR et RVP avec A, A+E, mais pas avec E
Fraction dʼéjection du VD augmente avec A, A+ E, mais pas avec E
Royster RL, Anesth Analg 1993



• Effets vasodilatateurs: Ouverture canaux K+ 
• Vasodilatation Coronaire
• Vasodilatation artères pulmonaires
• Vasodilatation systémique

• Effets sur la fonction myocardique:
• Augmente la sensibilité des protéines contractiles à la troponine: Effet inotrope
• Sans augmenter le flux calcique intracellulaire: Effet lusitrope
• Pas d'augmentation de consommation d'oxygène

• Combinaison des deux effets:
• Amélioration du couplage ventriculo-artériel

• Effet antistunning:
• Evite la surcharge calcique mitochondriale de l’ichémie - reperfusion
• Stabilise le potentiel membranaire et préserve la fonction des mitochondries
• Economise les phosphates de haute énergie et limite l’apoptose

 Recent Patents on Cardiovascular Drug Discovery, 2011, 6, 9-15 9 
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Abstract: Levosimendan is one of the documented pharmacological agents used in the management and treatment of 
acute and chronic heart failure; it is a novel inodilator agent which enhanced myocardial performance without changes in 
oxygen consumption. The combination of positive inotropic and vasodilator effects of levosimendan relates to its Ca2+- 
sensitizing and K+ channels opening effects. Levosimendan has been proposed, in the recent past, to be non-inferior and 
may have some advantages to standard inotropes; further possible indications for levosimendan have been described, in 
some observational studies, such as a perioperative use, cardioprotection, cardiogenic shock, sepsis and right ventricular 
dysfunction. The ability of levosimendan to improve myocardial function without substantially increasing oxygen 
consumption may appear paradoxical but is possible via improved efficacy not only with regard to the effects on the 
contractile apparatus of the cardiomyocytes. The aim of this review is to describe the pharmacological characteristics of 
levosimendan and its clinical applications. The patent review data regarding the use of Levosimendan are also discussed 
in this review article.  

Keywords: Calcium-sensitizer, heart failure & levosimendan. 

INTRODUCTION 

 The common clinical syndrome of heart failure is 
associated with impaired quality of life, high morbidity and 
mortality and very frequent hospitalization causing an 
economic burden on the healthcare system [1]. Heart failure 
is the leading cause of hospitalization in patients over 65 
years of age and is a progressive disorder with a poor 
prognosis [2]; in these patients with acute heart failure 
(AHF) the mortality rate at 60 - days is about 10% [3].  

 Patients with AHF are generally treated with oxygen, 
vasodilators and diuretics; the most common vasodilators 
used in the treatment of AHF are, with any doubt, 
nitroglycerine, nitroprusside and nesiritide.  

 Nesiritide is a form of recombinant B - type natriuretic 
peptide; it has fewer adverse effects and improves hemo-
dynamics effectively; recent metaanalyses suggest that 
nesiritide may be associated with an increased risk of death 
and worsening renal function [4, 5].  

 Nevertheless, the potent hypotensive effects of nitro-
prusside and the rapid onset of tachyphylaxis to nitro-
glycerine (the most commonly vasodilator used in the 
treatment of AHF) limit their use in clinical practice.  

 Furthermore, positive inotropic agents are available in 
patients with AHF who have peripheral hypoperfusion with 
hypotension and low diuresis; the aim of positive inotropic 
agents in the setting of acute cardiac decompensation is a 
correction of the severe hemodynamic deterioration through 
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an increase of cardiac output and improvement of perfusion 
on the vital organs; this maintenance of a proper perfusion-
pressure is the primary target of the treatment of AHF.  

 The currently positive inotropic agents available are 
cathecholamines (dobutamine), phosphodiesterase III inhi-
bitors (PDEIs) such as milrinone and calcium sensitizing 
agents such as levosimendan.  

 The traditional drugs, such as beta1 - adrenoceptor ago-
nists and PDEIs, enhance contractility and improve symp-
toms in patients with acute decompensation of a chronic 
heart failure, with contractile dysfunction after acute 
myocardial infarction and/or stunning myocardium after 
cardiac surgery; nevertheless these drugs have some 
limitations in the treatment of acute heart failure [6] because 
they enhanced myocardial oxygen demand and the incidence 
of arrhythmias [7]. These side effects are detrimental in 
patients with con-comitant myocardial ischemia (as for 
example in ischemic cardiomyopathy).  

 In contrast to these data, calcium - sensitizers increase the 
calcium sensitivity of contractile regulatory proteins causing 
an increase in myocardial contractility; furthermore they 
improve also hemodynamic parameters with a minimum 
increase in energy expenditure and with a more controlled 
risk of arrhythmias especially under pathological conditions 
such as acidosis and stunned myocardium.  

LEVOSIMENDAN 

Pharmacology and Mechanisms of Action 

 Levosimendan belongs to the so called group of “calcium 
sensitizers” that includes several other substances that share 
the ability of increasing sensitivity of myofilaments to 

10    Recent Patents on Cardiovascular Drug Discovery, 2011, Vol. 6, No. 1 Rognoni et al. 

calcium leading to increased myocardial contraction without 
increasing intracellular cAMP or intracellular calcium 
concentration. Levosimendan displays calcium - dependent 
binding to the N- terminal domain of cardiac troponin C with 
a higher affinity at high calcium concentration and a lower 
affinity at low calcium concentration. By stabilizing the 
calcium - troponin C complex, levosimendan inhibits the 
troponin I effects and prolongs the actin - myosin cross - 
bridge association rate. This positive inotropic effect is 
obtained without increasing intracellular calcium concen-
tration or with a significant increase in myocardial oxygen 
demand, usually seen with other inotropes. Levisimendan 
was also shown to open the mitochondrial ATP - dependent 
potassium channels in myocites and vascular smooth muscle 
cells, which causes vasodilatation; these properties decrease 
both preload and afterload, increase coronary and other 
organ blood flow [8]. 

 The pharmacokinetics of Levosimendan is linear. The 
concentration increased proportionally with the dose 
administered; the usual dosage of intravenous levosimendan 
used in clinical trials of patients with heart failure is 6 to 
12Dg/kg loading dose over 10 minutes followed by 0.05 - to 
0.2Dg/kg/min as a continuous infusion 

 Levosimendan has a half-life between 0.5 and 1.4 hours 
depending on method of administration and 95% of the drug 
binds to plasma proteins. The drug is metabolized at hepatic 
level through conjugation with the cistern and eliminated in 
the urine. At intestinal level about 20% of the drug is 
transformed into the active metabolite OR - 1855, which is 
then in turn transformed by acetylating into the functional 
metabolite called OR - 1896 [9].  

 In particular, this second active metabolite (OR - 1896) 
reaches a peak plasma concentration about three days after 
the termination of the infusion and exhibits hemodynamic 
effects similar to those of levosimendan [10].  

 So, Levosimendan combines two major mechanisms of 
action: Ca

2+
 sensitization via binding to the Ca

2+
 saturated 

troponin C molecule of myocardial thin filaments and 
opening of ATP - sensitive potassium channels on the sarco-
lemma and of mitochondria. It is worthy for consideration 
that the long-term action after short - term administration of 
levosimendan is attributed to its long-live metabolite OR - 
1896. Therefore, attempts were made to characterize the 
complex mechanisms of action of not only levosimendan but 
also OR 1986 [10]. 

 At present there are more controlled clinical data 
available on levosimendan than any other intravenous 
inotropic drug; levosimendan in well tolerated in patients 
with moderate and severe heart failure with a frequency of 
adverse events of 17 % - 29 % [11]. The most common 
adverse events, reported in the SURVIVE study [12] are 
significant side affects such as hypotension, headache, 
ventricular tachycardia and atrial fibrillation. In most clinical 
trials no serious interactions with other routine heart failure 
drugs including ACE - inhibitors, beta - blockers, digoxin, 
furosemide and spironolactone have been reported [13, 14].  

 

 

Vasodilatory Effects 

 The Ca
2+ 

sensitizing is accompanied by vasodilation; this 
effect is explained by combined effect of levosimendan on 
different K

+
 channels. The opening of ATP - sensitive 

potassium channels has been first identified during voltage 
and current clamp recordings in isolated rat arterial myocytes 
[15]; it was suggested that levosimendan hyperpolarized the 
arterial myocytes through an activation of a glibenclamide - 
sensitive K

+
 channel and that this mechanism may contribute 

to the vasodilating action of levosimendan. Furthermore, it 
was, also, shown that levosimendan activates voltage gated 
K

+
 channels and large - conductance Ca

2+
 - activated K

+
 

channel in rat and porcine large epicardial arteries. It seems 
that the involvement of these different K

+
 channels varies 

with the origin of the vascular beds. Energetic considerations 
relying on pressure - volume relationship analyses suggest 
increased efficiency of myocardial work on the application 
of arterial vasodilators; the vasodilators property of levo-
simendan is probably involved in its favorable energetic 
profile [16].  

Effects on Cardiac Function 

 Levosimendan’s positive inotropic effect is due to the 
increase in the contractile proteins’ sensitivity to Ca

2+
 and 

not to the increase in the Ca
2+

 flux inside the cell [17, 18].  

 In this way Levosimendan determines an increase in the 
myocardial contraction force without impairing the 
ventricle’s diastolic relaxation or inducing cell death [19]. As 
opposed to the other sensitizing Ca

2+
 agents that bind to the 

troponin C during systole and diastole, Levosimendan’s 
bond to troponin C is dependent on the cytosolic Ca

2+
 which 

is significantly low in the diastolic phase of the cardiac 
cycle. This is why Levosimendan is also capable to exercise 
positive lusitropic effects in the animal model of cardiac 
decompensation and the pig’s heart with ischemic damage 
[20]. Administration of Levosimendan also leads to an 
improvement of the diastolic function in the human 
myocardium by determining a reduction in the fill pressures 
of the heart chambers, as also shown in patients with acute 
coronary syndrome [21].  

 Moreover, the beneficial effects on the cardiac function 
of administering Levosimendan are not accompanied by an 
increase in myocardial oxygen consumption; this has been 
shown for both healthy patients and ones with cardiovascular 
disease [22, 23].  

 The positive effects of Levosimendan on the cardiac 
function have also been demonstrated by using intracoronary 
artery administration; in fact, from the results obtained in 
patients affected by post-pericardiotomic cardiac decom-
pensation, the intracoronary artery administration of a Levo-
simendan bolus (corresponding to the dosage commonly 
infused systematically) has determined an increase in both 
the systolic and diastolic functions without significant 
variations of the arterial pressure; therefore the almost total 
absence of Levosimendan’s systemic effects, when adminis-
tered to the coronary vascular bed, can extend the possibility 
of its use in the treatment of secondary contractile dysfunc- 
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Data Abstraction and Study Characteristics
The following study characteristics were recorded: Last name of the

first author, year of publication, design details, number of participants,
control intervention, timing of levosimendan administration, dosing of
levosimendan, and duration of follow-up. Baseline population charac-
teristics including type of cardiac surgery, age, and left ventricular EF
also were recorded. The primary outcome of interest was the study
reported mortality out to postoperative day 30. In cases in which both
in-hospital and 30-day outcomes were reported, the latter was used for
analysis. Secondary outcomes included renal failure requiring hemo-
dialysis, postoperative atrial fibrillation, and myocardial injury as
determined by cardiac biomarkers and/or electrocardiographic changes.
Internal validity and risk of bias were assessed according to the
Cochrane Collection methods.15

Data Synthesis and Analysis
Statistical heterogeneity was measured using the Cochran’s Q test

and reported as I2. Several of the included studies had zero outcomes in
at least one arm. Studies that had no deaths in either arm suggested that
there was no difference in the mortality rates, and yet a meta-analysis
based on risk ratios would discard these studies. Instead, the authors
chose to work with the risk differences (RD). This method was
suggested by Hasselblad et al16 and has the advantage of using all
studies. By convention, a negative RD connotes a smaller risk of events
with levosimendan compared with control. Data were analyzed by
means of the Mantel-Haenszel fixed-effects method as I2 was <25% for
each outcome and subgroup.

A test of subgroup differences was performed between the low-EF
and preserved-EF studies. For the primary endpoint of 30-day mortal-
ity, additional subgroup analyses were performed based on the timing
of levosimendan administration and the type of control intervention.
Meta-regression was performed to determine the influence of the mean
ejection fraction of each study, as a continuous variable, on the effect of
levosimendan on mortality. Sensitivity analysis was performed by
removing each study, one at a time, and repeating the meta-analysis for
the primary endpoint. A p value of 0.05 was used to designate
statistical significance. The risk of publication bias was assessed by
visual inspection of funnel plots. Meta-analysis and subgroup compar-
isons were performed with Review Manager (RevMan) software
(Version 5.1. Copenhagen: The Nordic Cochrane Centre, The Cochrane
Collaboration, 2011). Meta-regression was performed in R (R Develop-
ment Core Team, v2.14, 2011) using the metafor package (v1.6-0;
http://cran.r-project.org/web/packages/metafor/index.html).

RESULTS

Eligible Studies

The search strategy yielded 480 manuscript abstracts, 104
conference abstracts, and 1 manuscript (Levin 2012), which
was in preparation at the time of the initial search but was
subsequently published (Fig 1). Twenty-five studies were
reviewed in complete form. Studies were excluded for the
following reasons: 6 studies did not report clinical outcomes,
1 did not have an adequate control group, 1 was an observa-
tional study, 2 contained preliminary data sets reported more
completely in subsequent included publications, and 1 study
was retracted for duplication of data. Fourteen studies were
included in the final analysis.12,17-29 These included data on
1,155 randomized patients.

Characteristics of the included studies are shown in Table 1.
Seven studies did not comment on the method for determining
baseline ejection fraction.19,20,22,23,26-28 One determined

baseline EF with preoperative ventriculogram,21,25,29 one
utilized intraoperative TEE,17 three utilized preoperative trans-
thoracic echocardiography,18 and two utilized either preoper-
ative ventriculogram or echocardiography.12,24 Eight studies
were categorized as low-EF. Four of these studies exclusively
enrolled patients with a preoperative EF <35%. An additional 4
studies utilized inclusion criteria such that the mean EF for the
population was o40%. One study (Lahtinen 2011) did not
report a mean or median ejection fraction, but did report that
73% of patients in the placebo arm and 77% of patients in the
levosimendan arm had an EF 450%.26 Therefore, this study
was included in the preserved-EF subgroup. The study by
Momeni et al did not report a mean or median ejection fraction
and was included in the preserved-EF subgroup.28 Table 2
provides an assessment of the quality and risk of bias for each
of the included studies.

Mortality

In-hospital mortality was reported for 7 studies, and the
remaining 7 reported 30-day mortality. A total of 30 deaths
occurred among 578 patients allocated to levosimendan (5.2%)
compared with 54 deaths among 577 patients allocated to control
(9.4%). Pooled results demonstrated a significant reduction in the
risk of death with levosimendan (RD −4.2%; 95% CI −7.2%,
−1.1%; p ¼ 0.008) (Fig 2). Subgroup analysis showed that this
benefit was confined to the low-EF studies in which the RD was
–7.0% (95% CI −11.0%, −3.1%; p < 0.001). No benefit was
observed in the preserved-EF studies (RD +1.1%; 95% CI −3.8%,
5.9%; p ¼ 0.66). The difference in effect between EF subgroups
was statistically significant (p ¼ 0.01). Neither the timing of
levosimendan administration (preoperative or intraoperative v
postoperative; p ¼ 0.58) nor the type of control (p ¼ 0.70)
influenced the association between levosimendan and mortality.

Fig 1. Flow diagram of study selection process.
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Objective: Left ventricular systolic dysfunction is associ-
ated with increased morbidity and mortality in patients
undergoing cardiac surgery. The authors performed a meta-
analysis investigating the effects of levosimendan in cardiac
surgery patients with and without preoperative systolic
dysfunction.
Design: Meta-analysis of randomized controlled trials.
Setting: Hospital.
Participants: The 1,155 patients who participated in 14

randomized controlled trials of perioperative levosimendan
were included.
Interventions: None.
Measurements and Main Results: PubMed, EMBASE, the

Cochrane database of clinical trials, and conference pro-
ceedings were searched for clinical trials of perioperative
levosimendan in patients undergoing cardiac surgery
through May 1, 2012. Studies were grouped by mean
ejection fraction (EF). Those with a mean EF <40% were
designated as low-EF. Pooled results demonstrated a
reduction in mortality with levosimendan (risk difference

[RD]–4.2%; 95% CI −7.2%, −1.1%; p ¼ 0.008). Subgroup
analysis showed that this benefit was confined to the low-
EF studies (RD −7.0%; 95% CI −11.0%, −3.1%; p < 0.001).
No benefit was observed in the preserved-EF subgroup (RD
+1.1%; 95% CI −3.8%, +5.9%; p ¼ 0.66). Significant reduc-
tions also were seen in the need for dialysis (RD "4.9%;
95% CI −8.2%, −1.6%; p ¼ 0.003), myocardial injury (RD
"5.0%; 95% CI −8.3%, −1.7%; p ¼ 0.003), and postoperative
atrial fibrillation (RD "8.1%; 95% CI −13.3%, −3.0%; p ¼ 0.002).
Conclusions: Levosimendan was associated with reduced

mortality and other adverse outcomes in patients under-
going cardiac surgery, and these benefits were greatest in
patients with reduced EF. These data support the need for
adequately powered randomized clinical trials to confirm the
benefits of levosimendan in patients with reduced EF under-
going cardiac surgery.
& 2013 Elsevier Inc. All rights reserved.
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MORE THAN 280,000 CORONARY artery bypass graft
(CABG) procedures, and 40,000 combined CABG/valve

procedures are performed annually in the United States. Over
the past several decades, the risk profile of patients undergoing
cardiac surgery has increased.1 This likely is due in part to
mounting evidence suggesting that patients with coronary
artery disease and reduced left ventricular ejection fraction
(EF) benefit from surgical revascularization over medical
therapy.2,3 Compared to patients with normal EF, patients with
reduced EF undergoing cardiac surgery have relatively high
rates of mortality and other adverse outcomes, including the
need for dialysis and mechanical circulatory support.4-6

Levosimendan is a calcium sensitizer that increases cardiac
contractility without increasing intracellular calcium or oxygen
consumption and induces vasodilation. The combined inotropic
and vasodilatory actions result in an increased force of
contraction, decreased preload, and decreased afterload. Levo-
simendan has been studied in patients with acutely decom-
pensated heart failure in whom it has had mixed results7-9 and
in patients undergoing cardiac surgery10 in whom prior studies
have suggested a favorable effect.

The purpose of this study was to expand upon previously
published meta-analyses, the most recent of which11 was
published in 2012, by including a recently published clinical
trial12 and, more importantly, by stratifying studies according
to the left ventricular function of enrolled patients. The primary
hypothesis was that the beneficial effects of levosimendan are
greatest in patients with reduced EF.

METHODS

Search Strategy
PubMed, Embase, and the Cochrane database of clinical trials were

searched for randomized clinical trials investigating the perioperative use
of levosimendan in patients undergoing cardiac surgery. The term,

“levosimendan,” was combined with the Cochrane highly sensitive
search strategy for identifying randomized trials in MEDLINE.13 Embase
was queried using the term “levosimendan” combined with a previously
validated highly sensitive search strategy.14 Conference proceedings
from the American Heart Association Scientific Sessions, the annual
meeting of the America College of Cardiology, and the annual meeting
of the European Association of Cardiothoracic Anaesthesiologists were
searched for “levosimendan.” The company marketing levosimendan
(Orion Corporation; Espoo, Finland) was contacted regarding unpub-
lished data. Searches were not restricted by language and included all
publications in the available databases through May 1, 2012.

Study Selection
One investigator (RWH) reviewed all available abstracts for

potential inclusion. Studies that were prospective, randomized clinical
trials of preoperative, intraoperative, or postoperative administration of
levosimendan in humans undergoing cardiac surgery, underwent full
text review. Studies that included in-hospital or 30-day mortality were
included. Conference abstracts and manuscripts by identical authors
were cross-checked to ensure that data were not duplicated. Studies that
either restricted their study to patients with an EF r40% or enrolled
patients with a mean EF r40% were designated as “low-EF” studies.
The remaining studies were designated as “preserved-EF.” A cutoff of
40% was chosen as this has been utilized in prior studies of cardiac
surgery patients to define reduced LV systolic function.5
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(Fig 4). Subgroup analysis showed that this benefit was
confined to the low-EF studies in which the RD was –14.9%
(95% CI −21.3%, −8.4%, p < 0.001). No benefit was observed
in the preserved-EF studies (RD +3.3%; 95% CI −5.2%, 11.9%;
p ¼ 0.45). The difference in effect between these subgroups
was statistically significant (p < 0.001).

Nine studies reported rates of myocardial injury, 5 low-EF
studies and 4 preserved-EF studies. Three studies defined
myocardial injury as an increase in cardiac biomarkers
(creatine kinase MB fraction and troponin I or T). Two studies

relied on the detection of either persistent ST-segment changes
or new Q waves on postoperative ECG. Three studies
employed a combination of ECG changes and elevations in
cardiac biomarkers. Overall, there was a significant reduction
in the risk of myocardial injury with levosimendan (RD
"5.0% (95% CI −8.3%, −1.7%; p ¼ 0.003) (Fig 5). The
reduction in myocardial injury was "6.6% (95% CI −10.0%,
−3.3%; p < 0.001) in the low-EF subgroup. No significant
reduction was found in the preserved-EF subgroup (RD
"2.1%; 95% CI −8.9%, +4.8%; p ¼ 0.55). The difference

Table 2. Internal Validity and Risk of Bias of Included Studies

Author Year
Adequate sequence

generation
Allocation

concealment Blinding
Incomplete outcome data

addressed
Free of selective

reporting
Free of other

bias
Overall risk of

bias

Alvarez 2005 Unclear Unclear No Unclear Yes Yes Moderate
Al-Shawaf 2006 Unclear Yes No Unclear Yes Yes Moderate
Alvarez 2006 Unclear Unclear No Unclear Yes Yes Moderate
Tritapepe 2006 Yes Unclear Yes Unclear Yes Yes Low
De Hert 2007 Yes Yes Yes Unclear Yes Yes Low
Jarvela 2008 Yes Yes Yes Unclear Yes Yes Low
Levin 2009 Unclear Unclear No Unclear Yes Yes Moderate
Eriksson 2009 Yes Yes Yes Unclear Yes Yes Low
Tritapepe 2009 Yes Unclear Yes Unclear Yes Yes Low
Lahtinen 2011 Yes Yes Yes Unclear Yes Yes Low
Leppikangas 2011 Unclear Yes Yes Unclear Yes Yes Low
Lomivorotov 2011 Unclear Yes Unclear Unclear Yes Yes Moderate
Momeni 2011 Yes Yes Yes Unclear Yes Yes Low
Levin 2012 Unclear Unclear Unclear Unclear Yes Yes Moderate

Fig 2. Forest plot of the effect of levosimendan on postoperative mortality.

HARRISON ET AL4

Insuffisance cardiaque aigue post 
chirurgie cardiaque
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Levosimendan et préconditionement
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Chirurgie cardiaque pédiatrique
Levosimendan for low cardiac output: a pediatric experience. Egan JR et al. J Intensive Care Med. 2006 May-
Juin

rétrospectif : 19 enfants en défaillance cardiaque
amélioration nette par Levosimendan : lactates, PAM, echo
bonne tolérance - pas dʼeffets secondaires

Early experience with Levosimendan in children with ventricular dysfunction. Namachivayam P et al. Pediatr
Crit Care Med. 2006 Sep

14 enfants (7 j à 18 ans) : insuffisance cardiaque aigue inotrope dépendante. Levosimendan (B et/ou 24 
h).
Arrêt des inotropes (10 pts), diminution (4 pts). FE augmente de 29 à 40,5%

Use of levosimendan, a new inodilator, for postoperative myocardial stunning in a premature neonate. 
Lechner E et al. Pediatr Crit Care Med. 2007 Jan

TGV, 32 S, 1525 g, Switch, bas débit post CEC, 
lactates 14.8, SvO2 56%, POG 24, Fr 10%
coronaires ok, adrénaline, milrinone, dobutamine = pas dʼamélioration
Levosimendan 0,1 mcg/kg/min (24h)
lactates 1.7,  SvO2 81%, POG 7, Fr 25%…     trop fort !!



• Réduit l’incidence du LCOS
• Améliore l’IC

• Pas d’effet:
• Sur la mortalité
• Durée de séjour en réanimation
• Lactates
• SVO2
• Incidence insuffisance rénale
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Abstract

Background: The administration of levosimendan prophylactically to patients undergoing cardiac surgery remains
a controversial practice, and few studies have specifically assessed the value of this approach in pediatric patients.
This study therefore sought to explore the safety and efficacy of prophylactic levosimendan administration to
pediatric patients as a means of preventing low cardiac output syndrome (LCOS) based upon hemodynamic,
biomarker, and pharmacokinetic readouts.

Methods: This was a single-center, double-blind, randomized, placebo-controlled trial. Patients ≤ 48 months old
were enrolled between July 2018 and April 2019 and were randomly assigned to groups that received either
placebo or levosimendan infusions for 48 h post-surgery, along with all other standard methods of care. LCOS
incidence was the primary outcome of this study.

Results: A total of 187 patients were enrolled, of whom 94 and 93 received levosimendan and placebo, respectively.
LCOS incidence did not differ significantly between the levosimendan and placebo groups (10 [10.6%] versus 18
[19.4%] patients, respectively; 95% confidence interval [CI] 0.19–1.13; p = 0.090) nor did 90-day mortality (3 [3.2%] versus
4 [4.3%] patients, CI 0.14–3.69, p = 0.693), duration of mechanical ventilation (median, 47.5 h and 39.5 h, respectively;
p = 0.532), ICU stay (median, 114.5 h and 118 h, respectively; p = 0.442), and hospital stay (median, 20 days and 20 days,
respectively; p = 0.806). The incidence of hypotension and cardiac arrhythmia did not differ significantly between the
groups. Levels of levosimendan fell rapidly without any plateau in plasma concentrations during infusion. A multiple
logistic regression indicated that randomization to the levosimendan group was a predictor of LCOS.

Conclusions: Prophylactic levosimendan administration was safe in pediatric patients and had some benefit to postoperative
hemodynamic parameters, but failed to provide significant benefit with respect to LCOS or 90-day mortality relative to
placebo.

Trial registration: Name of the registry: Safety evaluation and therapeutic effect of levosimendan on the low cardiac output
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2018. URL of trial registry record: http://www.chictr.org.cn/index.aspx
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Intérêt du profil 
pharmacocinétique • Protocole de service:

• Pas de bolus
• Perfusion sur 24h à 0,2ùg/kg/min

• VG défaillant pré op/ALCAPA
• Transplantation cardiaque
• Chirurgie néonatale complexe+++
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The mean elimination half-life values for the levosimendan metabolite 

OR-1896 is approximately 80 hours and its plasma protein binding is 

about 40% (Table 2).137, 138

Table 2. Pharmacokinetic variables of levosimendan and its active metabolite 
OR-1896 in patients with NYHA III-IV heart failure.137-139 

Variable Levosimendan Metabolite OR-1896

t
1/2el

 (h) 1.1 - 1.4 77.4 - 81.3

CL
tot

 (l/h/kg) 0.18 - 0.22 na

V
c 
(l/kg) 0.33 - 0.39 na

Protein binding (%) 97 42

t
1/2el 

= terminal elimination half-life, CL
tot 

= total clearance, V
c 
= volume of distribution 

based on area under the curve (AUC), na = not assessed

The activity of the enzyme responsible for the acetylation, the N-acetyl-

transferase, is known to differ considerably in man. Most Caucasian 

populations in Europe and North America have 40% to 70% slow 

acetylators, whereas most Asian populations have only 10% to 30% 

slow acetylators.140 The acetylator status of a patient affects the phar-

macokinetics of levosimendan metabolites, but not that of the parent 

drug. In rapid acetylators, the OR-1896 levels were significantly higher 

and OR-1855 significantly lower; in slow acetylators the opposite was 

seen. However, the haemodynamic effects on heart rate, blood pres-

sure, pulmonary capillary wedge pressure and cardiac output were 

similar in the two acetylator types. These findings could be explained 

either by assuming that both metabolites are active in man or  by the 

fact  that the differences in OR-1896 levels seen in the study were too 

small to produce different haemodynamic responses.141
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Figure 5. Mean plasma concentration-time curves of levosimendan, OR-1855 
and OR-1896 after 24-hour infusion of 0.2 µg/kg/min in patients with NYHA 
III-IV heart failure.8
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• Autres
• Corticoïdes: bolus 10 à 50 mg/m²/j, si besoins de remplissage importants à cause des troubles de la 

microcirculation sur SIRS +++
  →Rescue
• Création de CIA
• Fermeture sternale retardée
• Assistance mécanique

En somme:
 Optimiser le débit cardiaque et la perfusion tissulaire sans augmenter la 

consommation en oxygène du myocarde

Stratégies thérapeutiques 2
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corticoïdes
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corticoïdes

Savoir y penser en rescue: 
 SIRS majeur
 besoins de remplissage très importants
Hémisuccinate d’Hydrocortisone (divers poso, 50 mg/m2/j 
en 4 prises, 5-10 jours)
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Evaluation et sevrage des inotropes

Amélioration de lʼoxygénation (PaO2, SaO2, SvO2, rSO2)
Reprise du débit urinaire
Amélioration échographique et hémodynamique
Baisse des marqueurs cardiaques : Troponine et BNP
Sevrage « step by step »
Eviter le sevrage de la VA et des inotropes en même 
temps
De préférence sevrage de la VA, puis inotropes



Ce qu’il faut retenir

38
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Check list des causes à éliminer

• Vérifier l’airway: position sonde, taille
• Vérifier la ventilation: atélectasie, pneumothorax
• Tamponnade
• Crise d’HTAP
• Troubles du rythme
• Lésions résiduelles (CIV résiduelle, gradient sur les voies d’éjection…), montages vicieux.
• Troubles électrolytes (Hypocalcémie) 
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Stratégies thérapeutiques

• Anticiper le LCOS:
• Protection myocardique: respect des délais de réinjection….
• Ultrafiltration per CEC
• Autres stratégies anti-inflammatoires
• Phase d’assistance post déclampage

• Traiter le LCOS:
• Optimiser la précharge (Kt OG – PVC..)
• Support inotrope:

• Adré-corotrope
• Levosimendan

• Optimiser la post charge:
• VD: NOi, IPDE5
• VG:IPDE3

• Traitement des oedemes interstitiels:
• Diuretiques à fortes doses 
• Dialyse péritonéale


