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Background: Low cardiac output syndrome (LCOS) after pericardiectomy is associated with high morbidity and mortality. This study 
aimed to assess the effect of levosimendan on postoperative LCOS in the patients with constrictive pericarditis.
Methods: Patients were retrospectively enrolled, and those receiving the treatment of levosimendan were assigned in the LEVO (+) 
group, and others were in the LEVO (-) group. Postoperative outcomes including durations of intubation, vasoactive agents using, ICU 
stay, hospital stay and mortality were compared between the two groups.
Results: A total of 32 patients were eligible for analysis, 19 of whom were in the LEVO (+) group, and 13 of whom were in the 
LEVO (-) group. The LEVO (+) group was associated with shorter postoperative duration of intubation (P < 0.001), vasopressor using 
(P = 0.006), ICU stay (P = 0.001) and hospital stay (P = 0.042), and less incidence of acute liver or kidney injury (P = 0.046). There 
were no significant differences in 30-day mortality and 1-year mortality between the LEVO (+) group and the LEVO (-) group. The 
prevalence of adverse events in the LEVO (+) group was acceptable.
Conclusion: Levosimendan could be administered in the patients with constrictive pericarditis developing LCOS after pericardiect-
omy to enhanced postoperative recovery.
Keywords: levosimendan, low cardiac output syndrome, constrictive pericarditis, pericardiectomy

Introduction
Constrictive pericarditis is a rare but life-threatening disease caused by inflammation and fibrosis of the pericardium, 
leading to diastolic heart failure eventually.1 Although the prevalence of constrictive pericarditis has not been system-
atically investigated, approximately 1.8% of patients with acute pericarditis would develop chronic constrictive 
pericarditis.2 The dominant cause of constrictive pericarditis is tuberculosis worldwide, especially in the developing 
countries.3,4 In the majority of cases, constrictive pericarditis is progressive and drug therapy such as diuretic is strictly 
palliative.5 Until now, the only definitive treatment is pericardiectomy.6,7 However, the risk of pericardiectomy remains 
high and postoperative low cardiac output syndrome (LCOS) is a major contributor to mortality.8–10

LCOS is a common but severe complication following cardiac surgery. This syndrome is characterized by decreased 
heart pump function and diminished cardiac output leading to poor tissue perfusion.11,12 The management of LCOS 
involves the early use of inotropes and mechanical circulatory support devices, but this syndrome remains associated 
with postoperative mortality that is up to 15 times as high as that in patients without this syndrome.13 Levosimendan, 
a calcium sensitizer and an ATP-sensitive potassium-channel opener, was introduced clinically twenty years ago and 
seemed to be effective in the treatment of LCOS.14 As an inotropic agent, levosimendan has raised a lot of interest in the 
field of perioperative management of cardiac surgery. However, the perioperative use of levosimendan in constrictive 
pericarditis has not been reported. Considering the pharmacologic properties of levosimendan and the results of previous 
studies, we designed a retrospective study to test the hypothesis that levosimendan could enhance the recovery of patients 
with LCOS after pericardiectomy.
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Methods
Study Population
We retrospectively reviewed the records of patients with constrictive pericarditis in our department from November 2012 
to March 2024. The preoperative diagnosis of constrictive pericarditis mainly depended on clinical symptoms, echo-
cardiography, chest imaging and central venous pressure (CVP). Preoperative CVP was measured by central venous 
catheterization through internal jugular route with the use of ultrasound guidance. The study patients were eligible if they 
underwent an isolated pericardiectomy and were recognized as LCOS after surgery. We excluded patients with malignant 
tumors and patients who underwent other surgery during the same period. The perioperative characteristics of included 
patients were extracted from the hospital's electronic medical records system. The study protocol was approved by the 
Institutional Review Board of Hangzhou Red Cross Hospital (No. 2024092), and written patient informed consent was 
waived.

Treatment Procedure
All patients received general anesthesia, and then pericardiectomy by median sternotomy was performed without the use 
of cardiopulmonary bypass (CPB). The extent of pericardiectomy included at least the anterolateral pericardium between 
the two phrenic nerves, the basal pericardium over the diaphragmatic surface, the pericardium on the great arteries and 
the pericardium from superior vena cava-right atrium junction to inferior vena cava-right atrium junction. All patients 
were transferred to the intensive care unit (ICU) after surgery. Some of these patients were treated with levosimendan, 
with a loading dose (6–12 μg/kg over ten minutes) followed a maintenance infusion rate of 0.1 to 0.2 μg/kg/min for 
24 hours.

Postoperative Outcomes
LCOS was characterized by myocardial dysfunction with a cardiac index (CI) <2.0 L/min/m2, systolic blood pressure 
<90 mmHg, and evidence of tissue hypoperfusion without hypovolemia.11 Other major postoperative complications 
included pulmonary complications, acute liver or kidney injury and deep venous thrombosis which occurred after 
pericardiectomy. The data on the following outcomes were also collected, including postoperative intubation, duration 
of using vasoactive agents, postoperative ICU stay, duration of chest drainage, postoperative hospital stay and 30-day 
mortality. Follow-up was performed until 1 year after pericardiectomy. The follow-up information was obtained from the 
hospital outpatient clinic records or collected by telephone.

Statistical Analysis
The study patients were divided into two groups according to the use of levosimendan. Patients receiving treatment for 
levosimendan were assigned in the LEVO (+) group, and others were in the LEVO (-) group. Categorical data were 
compared using the chi-square test, the corrected chi-square test or the Fisher exact test, and continuous data using the 
t test or Mann–Whitney U-test depending on the actual condition. Kaplan–Meier method and the Log rank test were 
performed to analyze the long-term survival impact of levosimendan. These analyses were conducted using SPSS 
software (version 27.0, IBM SPSS Inc. United States). All tests were 2-sided, and statistical significance was set at 
P value <0.05.

Results
Baseline Characteristics
A total of 166 patients underwent isolated pericardiectomy and 32 (19.3%) cases were recognized as LCOS after surgery. 
Of these, 19 (59.4%) patients received treatment for levosimendan and were allocated to the LEVO (+) group, while the 
remaining 13 (40.6%) patients were allocated to the LEVO (-) group.

Preoperative baseline characteristics of the two groups were compared in Table 1. The preoperative characteristics 
were similar between the two groups, including age, blood pressure, NYHA functional class, coexisting conditions and 
left ventricular ejection fraction (LVEF). We also compared intraoperative characteristics such as operative duration, 
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Table 1 Preoperative Baseline Characteristics of the Patients

Variables LEVO (-) LEVO (+) P Value

n=13 n=19

Gender  
Male  
Female

13 (100%) 
0 (0%)

13 (68.4%) 
6 (31.6%)

0.074

Age, years 72.0 (22.0–83.0) 62.0 (42.0–80.0) 0.496

Etiology  
Tuberculosis  
Idiopathic

11 (84.6%) 
2 (15.4%)

18 (94.7%) 
1 (5.3%)

0.728

BMI, kg/m2 20.8 (16.3–26.9) 21.4 (17.6–31.5) 0.432

SBP, mmHg 114.0 (90.0–132.0) 110.0 (91.0–139.0) 0.546

DBP, mmHg 69.0 (51.0–89.0) 74.0 (59.0–97.0) 0.495

Pulse rate (beats/min) 104.0 (75.0–145.0) 98.0 (78.0–117.0) 0.509

NYHA functional class  
I  
II  
III  
IV

0 (0%) 
1 (7.7%) 

10 (76.9%) 
2 (15.4%)

0 (0%) 
2 (10.5%) 
13 (68.4%) 
4 (21.1%)

0.871

Hypertension 2 (15.4%) 3 (15.8%) 1.000

Diabetes 1 (7.7%) 1 (5.3%) 1.000

Atrial fibrillation 3 (23.1%) 2 (10.5%) 0.642

CAD 3 (23.1%) 1 (5.3%) 0.341

HIV 0 (0%) 0 (0%) /

Pleural effusion 13 (100%) 19 (100%) /

Ascites 8 (61.5%) 13 (68.4%) 0.981

Pericardial effusion 8 (61.5%) 14 (73.7%) 0.734

Pericardial calcification 2 (15.4%) 6 (31.6%) 0.533

Pericardial thickness, mm 9.5 (5.0–14.3) 10.7 (6.0–19.0) 0.192

LVEF, % 55.0 (45.0–64.7) 55.0 (44.0–67.1) 0.986

Total protein, g/L 59.1 (44.8–76.4) 65.3 (48.8–78.5) 0.199

Albumin, g/L 30.9 (21.9–39.5) 29.5 (25.1–36.8) 0.920

Total bilirubin, μmol/L 16.7 (8.6–65.6) 16.4 (8.5–52.4) 0.964

Direct bilirubin, μmol/L 10.6 (4.3–50.0) 10.9 (4.7–30.6) 0.984

Ccr, mL/min 64.1 (36.5–100.5) 64.9 (43.0–143.1) 0.434

BNP, pg/mL 222.5 (61.0–492.0) 155.0 (64.0–961.0) 0.877

Lactate, mmol/L 2.0 (1.3–3.0) 1.7 (0.8–2.6) 0.129

Notes: Values presented as N (percentage) for categorical variables and median (range) for continuous 
variables. 
Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood 
pressure; NYHA, New York Heart Association; CAD, coronary artery disease; HIV, human 
immunodeficiency virus; LVEF, left ventricular ejection fraction (measured on echocardiogram); 
Ccr, creatinine clearance rate; BNP, brain natriuretic peptide.
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blood loss, intraoperative fluid infusion rate, blood transfusion and urine output (Table 2). No significant differences were 
observed between the two groups.

Postoperative Outcomes
The comparison of postoperative outcomes between the LEVO (-) group and the LEVO (+) group was shown in Table 3. 
The durations of postoperative intubation, vasopressor using and ICU stay were significantly longer in the LEVO (-) 
group than the LEVO (+) group (P < 0.001, P = 0.006 and 0.001, respectively). Pulmonary complications were observed 
in 8 (61.5%) patients in the LEVO (-) group and 4 (21.1%) patients in the LEVO (+) group, but the difference was not 
significant (P = 0.051), as well as the incidence of deep venous thrombosis (P = 0.406). Occurrence of acute liver or 
kidney injury was more frequent in the LEVO (-) group than the LEVO (+) group (61.5% vs 26.3%, P = 0.046). The 

Table 2 Intraoperative Characteristics of the Patients

Variables LEVO (-) LEVO (+) P Value

n=13 n=19

Operative duration, min 248.0 (157.0–380.0) 255.0 (198.0–390.0) 0.812

Blood loss, mL 100.0 (50.0–400.0) 100.0 (50.0–800.0) 0.685

Intraoperative fluid infusion rate, mL/kg/h 7.3 (5.3–20.6) 8.7 (6.0–13.4) 0.809

Intraoperative blood transfusion, mL 0 (0) 0 (0) /

Intraoperative urine output, mL 300.0 (100.0–1100.0) 600.0 (100.0–1800.0) 0.175

Notes: Values presented median (range) for continuous variables.

Table 3 Comparison of LEVO (-) and LEVO (+) Groups on Postoperative 
Outcomes

Variables LEVO (-) LEVO (+) P Value

n=13 n=19

Postoperative intubation, h 123.0 (48.0–212.0) 35.0 (6.0–139.0) <0.001

Dobutamine 7 (53.8%) 6 (31.6%) 0.208

Deslanoside 2 (15.4%) 0 (0%) 0.157

Vasopressor  
Norepinephrine  

Dopamine

13 (100%) 
13 (100%) 

2 (15.4%)

19 (100%) 
17 (89.5%) 

2 (10.5%)

/ 
0.502 

1.000

Duration of vasopressor, h 111.0 (35.0–231.0) 66.0 (1.0–123.0) 0.006

Postoperative ICU stay, days 6.0 (3.0–11.0) 4.0 (2.0–8.0) 0.001

Duration of chest drainage, days 17.5 (11.0–37.0) 15.0 (8.0–31.0) 0.417

Pulmonary complications 8 (61.5%) 4 (21.1%) 0.051

Acute liver or kidney injury 8 (61.5%) 5 (26.3%) 0.046

Deep venous thrombosis 1 (7.7%) 0 (0%) 0.406

Postoperative hospital stay, days 27.5 (20.0–48.0) 22.0 (16.0–33.0) 0.042

30-day mortality 1 (7.7%) 0 (0%) 0.406

Notes: Values presented as N (percentage) for categorical variables and median (range) for continuous 
variables.
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postoperative duration of chest drainage did not differ significantly between the two groups, but the postoperative 
hospital stay was significantly longer in the LEVO (-) group (P = 0.042).

In terms of 30-day mortality, 1 (7.7%) patient died due to multiple organ dysfunction in the LEVO (-) group, while no 
death was observed in the LEVO (+) group. However, the difference was not statistically significant. Follow-up 
information was successfully collected in all patients. Kaplan–Meier survival curves showed no between-group differ-
ence in mortality rates over time (P = 0.227) (Figure 1).

Safety Outcomes
Total adverse events were reported in 13 of 19 patients (68.4%) in the LEVO (+) group (Table 4). Hypotension during the 
infusion of levosimendan was the most common adverse event and was observed in 11 of 19 patients (57.9%), followed 
by arrhythmia in 4 of 19 patients (21.1%) and hypokalemia in 1 of 19 patients (5.3%). It should be noted that no patients 
had their levosimendan infusion interrupted due to adverse events and no serious adverse events caused by levosimendan 
were observed.

Figure 1 Kaplan–Meier survival estimates of all-cause mortality.

Table 4 Safety Outcomes in the LEVO (+) Group

Adverse events N Percent

Any adverse events 13 13/19 (68.4%)

Hypotension 11 11/19 (57.9%)

Arrhythmia 4 4/19 (21.1%)

Hypokalemia 1 1/19 (5.3%)

Interruption of infusion 0 0/19 (0%)

Serious adverse events due to levosimendan* 0 0/19 (0%)

Notes: *Serious adverse events included adverse events that resulted in death, 
required the prolongation of hospitalization, were life-threatening, resulted in 
a persistent or significant disability/incapacity.
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Discussion
Due to the lack of literature on the use of levosimendan in postoperative LCOS in constrictive pericarditis, we designed 
this retrospective study to explore the value of levosimendan in this cohort of patients. We assigned patients with LCOS 
after pericardiectomy into two groups according to whether levosimendan was used or not. The administration of 
levosimendan was associated with significant improvement in postoperative outcomes including shorter postoperative 
duration of intubation, vasopressor using, ICU stay and hospital stay, and less incidence of acute liver or kidney injury 
(Figure 2). Although no significant difference was observed between the two groups for the incidence of pulmonary 
complications, there was also a trend toward a decrease with the use of levosimendan.

LCOS is a major postoperative complication of pericardiectomy, and the incidence has been reported to range from 
10% to 66.1%.8,9 A great proportion of deaths linked with LCOS occurred in the previous study, ranging from 33.3% to 
100%.9,10,15 In this study, postoperative LCOS occurred in 19.3% of patients underwent pericardiectomy and was 
associated with one case of death. The mechanism by which LCOS occurred postoperatively has been unclear and 
might be related to the presence of myocardial atrophy or fibrosis, especially in cases of long-standing constriction.16 

LCOS could contribute to acute liver or kidney injury whose hypothesized mechanisms might include hypoperfusion and 
oxidative stress.17,18 The treatment of LCOS is challenging, and the goal is to provide adequate hemodynamic support 
and increase tissue oxygen delivery to prevent worsening organ dysfunction and failure.11 Several positive studies have 
shown the positive roles of levosimendan in maintaining hemodynamic stability and preserving renal function, and our 
study also provided additional support for these roles.19

Levosimendan could increase cardiac output and stroke volume and reduce peripheral vascular resistance, without 
increasing myocardial oxygen demand and with a prolonged duration of action.20 Previous randomized controlled studies 
have shown that levosimendan was associated with a higher rate of hemodynamic improvement, a lower rate of inotrope 
use and a lower incidence of periprocedural myocardial infarction than dobutamine or milrinone.21,22 In addition, several 
meta-analyses suggested a higher survival rate with levosimendan than with other treatment regimens among patients 
undergoing cardiac surgery.14,23 However, there were three multicenter, randomized, placebo-controlled, Phase 3 trials, 
the LEVO-CTS, CHEETAH and LICORN trials, investigating the potential benefits of levosimendan in patients under-
going cardiac surgery, showing no significant differences in mortality, renal replacement therapy, use of a mechanical 
cardiac assist device, or duration of catecholamine infusion between levosimendan and placebo.24–26 Similarly, we also 
did not observe a significant survival benefit in the LEVO (+) group in our retrospective study.

It was worth mentioning that the CHEETAH trial randomly assigned 506 patients with established postoperative 
LCOS to receive either levosimendan or placebo, and no significant benefit of levosimendan in primary end point was 
observed.24 Moreover, Sunny et al compared levosimendan, milrinone and dobutamine for the treatment of LCOS after 
CPB in patients receiving valve replacement surgery, and found that levosimendan was equally effective for dobutamine 
and better than milrinone in these patients.27 However, the study by Levin, R. L. et al randomly assigned 137 patients 

Figure 2 The effect of levosimendan in improving postoperative outcomes in patients with LCOS after pericardiectomy.
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with LCOS after surgery to receive either levosimendan or dobutamine infusion, and reported that although both agents 
improved hemodynamic parameters, the effect of levosimendan was greater and occurred earlier than that of 
dobutamine.28 In the LEVO-CTS trial, the incidence of LCOS was significantly lower among patients assigned to 
receive levosimendan than placebo.25 A meta-analysis involving a total of 3198 patients also suggested preemptive 
levosimendan treatment was associated with a 9.1% absolute risk reduction of LCOS in patients with left ventricular 
dysfunction undergoing cardiac surgery.29 It should be noticed that the cardiac surgical procedure in previous studies 
only included coronary artery bypass grafting and valve surgeries. The role of levosimendan after pericardiectomy lacked 
relevant study. The results of our analysis revealing that levosimendan was associated with better short-term post-
operative outcomes might provide preliminary evidence for the use of levosimendan in patients with LCOS after 
pericardiectomy. Our findings highlighted the need for further studies to specify patient subpopulations who might 
truly benefit from levosimendan.

Additionally, levosimendan has a favorable safety profile, with the common adverse events such as hypotension, 
arrhythmia, hypokalemia and headache, which is an important reason that the interest in levosimendan has grown.19 Due 
to the lack of a stable and reliable control group in our study, we only listed the adverse events in the LEVO (+) group 
and found that the incidences of adverse events were similar to previous studies.25,26 No adverse events leading to drug 
interruption were observed, and no serious adverse events due to levosimendan were recorded.

This study has several limitations. First, because of the low prevalence of constrictive pericarditis and fewer cases of 
LCOS after pericardiectomy, the sample size of our study was small. Therefore, the results served only as a reference and 
the benefits of levosimendan required to be validated by further large-scale clinical trials. Second, due to the nature of 
retrospective design, the analysis of adverse events of using levosimendan after pericardiectomy lacked a stable and 
reliable control group, leaving the safety outcomes in this cohort of patients to be confirmed by further studies. Finally, 
we did not systematically collect cardiac-output data before and after the use of levosimendan, which could help us 
understand and interpret the results of this study.

Conclusion
Levosimendan could effectively improve postoperative outcomes in the patients with LCOS after pericardiectomy, with 
reducing the need for prolonged intubation and vasopressor using, shortening the length of stay in the ICU and hospital, 
and potentially optimizing hepatic and renal function. Due to the positive role of levosimendan in our preliminary study, 
we could consider the postoperative use of levosimendan in these patients.

Abbreviations
LCOS, low cardiac output syndrome; CVP, central venous pressure; CPB, cardiopulmonary bypass; ICU, intensive care 
unit; CI, cardiac index; LEVF, left ventricular ejection fraction.
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