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Abstract 

Background:  The implication of sepsis-induced cardiomyopathy (SIC) to prognosis is controversial, and its associa‑
tion with mortality at different stages remains unclear. We conducted a systematic review and meta-analysis to under‑
stand the association between SIC and mortality in septic patients.

Methods:  We searched and appraised observational studies regarding the mortality related to SIC among septic 
patients in PubMed and Embase from inception until 8 July 2021. Outcomes comprised in-hospital and 1-month 
mortality. We adopted the random-effects model to examine the mortality risk ratio in patients with and without SIC. 
Meta-regression, subgroup, and sensitivity analyses were applied to examine the outcome’s heterogeneity.

Results:  Our results, including 20 studies and 4,410 septic patients, demonstrated that SIC was non-statistically asso‑
ciated with increased in-hospital mortality, compared to non-SIC (RR 1.28, [0.96–1.71]; p = 0.09), but the association 
was statistically significant in patients with the hospital stay lengths longer than 10 days (RR 1.40, [1.02–1.93]; p = 0.04). 
Besides, SIC was significantly associated with a higher risk of 1-month mortality (RR 1.47, [1.17–1.86]; p < 0.01). Among 
SIC patients, right ventricular dysfunction was significantly associated with increased 1-month mortality (RR 1.72, 
[1.27–2.34]; p < 0.01), while left ventricular dysfunction was not (RR 1.33, [0.87–2.02]; p = 0.18).

Conclusions:  With higher in-hospital mortality in those hospitalized longer than 10 days and 1-month mortality, 
our findings imply that SIC might continue influencing the host’s system even after recovery from cardiomyopathy. 
Besides, right ventricular dysfunction might play a crucial role in SIC-related mortality, and timely biventricular assess‑
ment is vital in managing septic patients.
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Background
Sepsis is a dysregulated immune response due to infec-
tion, leading to life-threatening organ dysfunction, e.g., 
respiratory, renal, immunological, digestive, neurologi-
cal, and cardiovascular organs [1]. The prevalence of 

cardiovascular dysfunction caused by sepsis may reach 
up to 50% [2], and the symptoms may comprise vasodi-
latory shock, myocardial injury, arrhythmia, and sepsis-
induced cardiomyopathy (SIC) [3]. The exact mechanism 
is still not well understood, any may include vasople-
gia, impaired myocardial circulation, direct myocardial 
depression, and mitochondrial dysfunction [4, 5].

SIC is an increasingly recognized condition of tran-
sient myocardial impairment in septic patients [2, 6]. 
The growing evidence shows that apart from left ven-
tricular (LV) systolic dysfunction (LVSD), SIC is further 
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associated with LV diastolic and right ventricular dys-
function due to hypoxemia, pulmonary vessel vasocon-
striction and remodeling [7, 8]. Despite the findings, the 
relationship between SIC and mortality remains debat-
able [9, 10]. Sevilla Berrios RA et  al. showed that the 
LV systolic function during sepsis was not significantly 
related to mortality [11]. In contrast, Sanfilippo F et  al. 
presented that LV diastolic dysfunction (LVDD) was 
associated with mortality [12]. Vallabhajosyula S et  al. 
demonstrated that right ventricular (RV) dysfunction was 
related to short-term and long-term mortality [13]. The 
primary outcome of these meta-analyses focused on the 
mortality at the acute stage, i.e., intensive care unit and 
in-hospital stay, and at the subacute stage, i.e., 1 month 
after admission [11, 12]. However, the impact of overall 
SIC on mortality at different stages remains ambiguous. 
Besides, previous studies utilized pulmonary artery cath-
eterization, which was itself associated with mortality in 
septic patients, to evaluate RV dysfunction [13]. With the 
improvement in technology and skills, echocardiography 
is more widely used nowadays to evaluate myocardial tis-
sue properties or strain to detect more subtle myocardial 
function abnormalities [14, 15].

Accordingly, this study aimed to conduct a systematic 
review and meta-analysis to examine the association 
between SIC and mortality at different stages and inves-
tigate the impact of LV and RV dysfunction on mortality 
in septic patients.

Methods
Data sources and searches
Our study utilized Embase and PubMed as our biblio-
graphic databases. Included articles were published up to 
8 July 2021. Free texts and controlled synonymous vocab-
ularies for sepsis, heart dysfunction, and mortality were 
defined. (Additional file 1: Appendix Table S1). Further-
more, we manually conducted a cross-reference search of 
relevant articles.

Study selection
We included articles that examined the association 
between SIC and mortality in patients with sepsis. 
According to Beesley SJ et  al., SIC is defined as a tran-
sient systolic or diastolic dysfunction of LV or RV due to 
sepsis; the dysfunction caused by coronary artery dis-
eases is commonly excluded from the SIC [2]. The defini-
tion covers most conditions and is not limited to specific 
evaluation tools. We excluded the studies if their out-
comes were out of our interest and lacked detailed mor-
tality numbers, e.g., developing a mortality prediction 
model for patients with SIC, investigating the deviant 
cut-off values of diagnostic tools for SIC, and examin-
ing the characteristic of echocardiographic parameters 

in mortality patients. We also excluded study protocols, 
conference abstracts, pediatrics, obstetrics, and ani-
mal model articles. Only papers written in English were 
included.

In our study, the exposure of interest was transient 
myocardial dysfunction caused by sepsis, and the myo-
cardial dysfunction improved after sepsis. The diagnostic 
tools were examined by two reviewers (YML and MCL), 
and all values of the tools regarding myocardial func-
tion were verified in the enrolled articles. The primary 
outcome of our study was mortality after admission, 
including in-hospital and 1-month mortality. Follow-up 
duration and the number of subjects lost to follow-up 
were recorded and analyzed.

Data extraction and quality assessment
Two reviewers (YML and MCL) extracted the publica-
tion types, inclusion and exclusion criteria, population 
characteristics, average age, subject numbers, SIC defi-
nition, time for operating echocardiography, mortal-
ity, percentage of mechanical ventilation users, ratio of 
septic shock, acute physiology and chronic health eval-
uation (APACHE) score, sequential organ failure assess-
ment (SOFA) score, length of hospital or intensive care 
unit stay from the included citations. We contacted the 
authors by e-mail if the data were insufficient. The two 
reviewers (YML and MCL) independently appraised 
each study with three domains based on the Newcas-
tle–Ottawa scale (Additional file 1: Appendix Table S2), 
including selection, comparability, and outcome. The 
third author (CTL) was consulted if there were any 
disagreements.

Data synthesis and meta‑analysis
Our systematic review and meta-analyses followed the 
Preferred Reporting Items for Systemic Reviews and 
Meta-Analyses (PRISMA) guidelines [16]. Data were 
analyzed using RevMan 5.4. and SPSS version 28.0 (SPSS 
Inc., Chicago, IL). Since the included studies had various 
risk estimate methods (i.e., risk ratios (RRs), hazard ratios 
and odds ratios), with or without risk estimate adjust-
ment, and lacked consistency, we extracted the original 
number of septic patients with SIC and non-SIC and 
the number of mortalities from the selected studies. The 
mortality outcomes were analyzed using RRs as the sum-
mary statistics, and the precision levels of the effect sizes 
were reported as 95% confidence intervals (95% CIs). A 
pooled estimate of the RR was computed using the Der-
Simonian and Laird random-effects model to minimize 
the effect of the subject numbers in different articles [17]. 
Besides, the I2 statistics was used to evaluate heterogene-
ity. Low, moderate, or high heterogeneity was defined as 
I2 ≤ 25%, 25% < I2 < 75%, and I2 ≥ 75%, respectively.
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Subgroup and sensitivity analysis
We carried out subgroup analyses to examine the het-
erogeneity of the outcomes. First, we divided in-hospi-
tal mortality into early and late acute-stage mortality to 
account for the diversity of hospital stay length across 
citations. Since the myocardial function commonly 
recovered from SIC within 10 days according to previous 
studies, we used 10 days as the cut-off point to assess the 
heterogeneity [6]. Second, SIC was divided into LV and 
RV dysfunction to evaluate the heterogeneity of indi-
vidual impacts on 1-month and in-hospital mortality 
among septic patients. Third, the other subgroup analy-
ses were based on the definition of sepsis (sepsis II and 
III), the indication of echocardiography (by protocol and 
clinical needs), the operation timing (Days 1, 2, 3), dif-
ferent cut-off values of SIC diagnosis [LV ejection frac-
tion (LVEF) < 50%, LVEF reduction > 10%, E/e’ > 15, RV 
S’ < 15  cm/s, and tricuspid annular plane systolic excur-
sion (TAPSE) < 16  mm], study’s appraisal quality, and 
with or without risk estimate adjustment. Apart from 
subgroup analyses, a random-effects meta-regression 
with Egger’s test was carried out to examine the impact of 
individual variables on the outcomes and heterogeneity.

Sensitivity analyses were also conducted to evaluate the 
heterogeneity or the range of result uncertainty. A one-
by-one exclusion method was performed to assess the 

influence of each article on our results. In our selected 
studies, we noticed that two studies (Vallabhajosyula, 
S et  al.) had the same hospital units and study periods, 
and another two (Innocenti F et  al.) had partial dupli-
cate patients. Despite the potential duplicate patients, 
the studies focused on different ventricular dysfunctions 
and lacked individual-level patient information, so we 
remained the studies in our analyses and performed the 
sensitivity analyses to evaluate the range of result uncer-
tainty. Moreover, other sensitivity analyses were carried 
out to evaluate the range of the outcome’s uncertainty 
due to unclear data definition or overlap.

Role of the funding source
Our research was funded by Chi Mei Medical Centre 
(CMFHR11153) and Internal Funds KU Leuven (STG-
18-00379). The funding source had no part in the design 
or conduct of this review.

Results
Characteristics of included studies and population
Figure 1 presents our flow chart of the literature search. 
Our search strategy found 7,590 articles: 4,000 articles 
from Embase, 3,589 articles from PubMed, and one arti-
cle from the manual reference search of related papers 
[18]. After removing 1,064 duplicates, 6,526 articles were 

Fig. 1  Literature search flow diagram according to the Preferred Reporting Items for Systemic Reviews and Meta-Analyses (PRISMA) guidelines
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suitable for abstract screening. After excluding irrele-
vant articles, conference abstracts, pediatrics, obstetrics, 
and animal studies, there were 123 studies with full-text 
access. Then, 100 articles related to therapy, mechanism, 
or prediction value, and lacked mortality outcomes were 
excluded. Subsequently, 23 studies were enrolled in our 
qualitative synthesis, including 21 cohort studies and 
two case–control studies. We removed three articles due 
to a lack of analyzable data [8, 19, 20]. Finally, the meta-
analysis pooled 20 studies, including 4,410 septic patients 
[10, 18, 21–38]. The mean age of the study population 
ranged from 38.8 to 77  years, and the mean length of 
hospital stay in all included studies ranged from 4.9 days 
to 43 days [25, 33]. These studies did not report the sex 
ratio, and the prevalence of cardiovascular comorbidities 
was inconsistently informed. (Table 1).

Table  1 shows the enrolled 23 articles in our qualita-
tive synthesis. Most studies detected myocardial dys-
function with echocardiography, and one did so with 
afterload-related cardiac performance [19]. Among the 
studies using an echocardiogram, 17 defined SIC with LV 
dysfunction [8, 10, 20–25, 27–32, 34, 35, 38], and seven 
included RV dysfunction as well [18, 22, 26, 33, 36–38], 
Among the 17 LV dysfunction studies, 15 showed LVSD, 
and 12 of them defined abnormal LVSD as LVEF < 50%. 
One study described LVSD as pre-ejection period and 
LV ejection time ratio greater than 42% [21], and another 
presented LVSD with the ratio of fractional area change 
smaller than 50% [10]. One study did not mention the 
LVEF value in the article [31]. In the 15 LVSD studies, 
three defined SIC using 2 weeks reversibility [25, 27, 35]. 
Five studies evaluated LVDD using the definition of E/e’ 
greater than 15 [22, 28, 32], or e’ smaller than 8  cm/s 
[8, 23]. For seven studies regarding RV dysfunction, one 
study defined RV dysfunction as s’ smaller than 15 cm/s 
[22], and six studies used TASPE smaller than 16 mm as 
the cut-off point [18, 26, 32, 33, 36, 37]. In the recruited 
studies, Pulido JN et al. showed that patients with acute 
respiratory distress syndrome (ARDS) constituted 
16% and 18% of the normal and abnormal RV function 
groups, and there were 28.2% and 30.8% in the study of 
Vallabhajosyula S et al. [22, 26]. Notably, the ARDS per-
centages in these two groups were not significantly dif-
ferent. The other research did not provide the prevalence 
of ARDS.

Ten studies excluded patients with a history of coro-
nary artery disease [8, 10, 20, 22, 24, 29, 31–34]. Besides, 
one of the studies excluded patients without previous 
echocardiography records [35]. Five studies carried out 
echocardiography due to clinical needs [18, 25, 26, 30, 
32], while the protocols arranged the others. The timing 
of echocardiography was various in the enrolled studies 
with 13 studies within 24  h after admission [18–22, 25, 

27–29, 31, 36–38], five within 48 h [8, 10, 23, 34, 35], and 
three within 72 h [26, 30, 32]. Two studies did not men-
tion the time points [24, 33].

Quality of enrolled studies
The detailed study appraisal in the qualitative synthe-
sis is in Additional file 1: Appendix Table S2. Regarding 
the domain of selection, four cohort studies had partial 
representativeness because of the selection criteria and 
the indication of echocardiography [19, 29, 33, 35], and 
two did not have a secure record regarding ascertain-
ment of exposure due to lacking detailed echocardiogra-
phy operation times [34, 36]. The studies’ risk estimates 
are listed in Additional file  1: Appendix Table  S3 and 
Figure S1. Among them, 14 studies provided risk esti-
mate adjustment in the comparison. (Additional file  1: 
Appendix Table S6). All studies confirmed the outcomes 
by medical records, and phone calls were used to verify 
the survival status if the patients were discharged before 
the study period. Follow-up duration varied according to 
the study designs. The two case–control studies had the 
same method of ascertainment for cases and controls, 
and the selection and definition of controls were clear. 
Among them, only one study conducted further analysis 
to improve the comparability [24].

Outcomes
Figure  2 presents the RR of in-hospital mortality in 
patients with and without SIC. Ten articles were pooled 
[25–30, 33–35, 38], while in-hospital mortality was 26.0% 
(162/621) in the SIC group and 25.3% (405/1597) in the 
non-SIC group. Compared to the non-SIC group, SIC 
was non-statistically associated with an increased risk 
of in-hospital mortality (RR 1.28, [95% CI 0.96 to 1.71]; 
p = 0.09, I2 = 60%).

Eight studies were included to compare 1-month 
mortality between septic patients with and without SIC 
[10, 18, 22, 25, 32, 35–37]. Fig. 3 presents the incidence 
of both groups and the RR of 1-month mortality. The 
1-month mortality rate was 35.2% (294/836) and 23.0% 
(364/1581) for patients with and without SIC. Patients 
with SIC were significantly associated with a higher risk 
of 1-month mortality than those without SIC (RR 1.47, 
[95% CI 1.17 to 1.86]; p < 0.01, I2 = 57%).

Subgroup and sensitivity analyses
Figure  4 presents the subgroup analysis of in-hospital 
mortality. For the group of hospital stay length  < 10 days, 
SIC was not associated with increased in-hospital mor-
tality (RR 0.87, [95% CI 0.67 to 1.11]; p = 0.26, I2 = 0%); 
however, given the length  ≥ 10  days, SIC was signifi-
cantly associated with a higher risk of the mortality, 
compared to those without SIC (RR 1.40, [95% CI 1.02 to 
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1.93]; p = 0.04, I2 = 46%). The heterogeneity of in-hospital 
mortality decreased in the subgroups, i.e., the I2 value 
decreased from 60 to 0% and 46%, respectively.

Figure 5 presents the subgroup analysis to examine the 
impact of LV and RV dysfunction on 1-month mortality. 
SIC with RV dysfunction was significantly related to an 
increased risk of 1-month mortality among patients with 
SIC, compared to those without SIC (RR 1.72, [95% CI 
1.27 to 2.34]; p < 0.01, I2 = 58%), while LV dysfunction was 
not (RR 1.33, [95% CI 0.87 to 2.02]; p = 0.18, I2 = 57%).

The results of other subgroup analyses are shown in 
Additional file 1: Appendix Figures S5–S11 and S16–S22. 
The between-subgroup heterogeneity in each analysis 
was insignificant, except for the echocardiography opera-
tion timing in the in-hospital mortality (p = 0.02). The 
RRs on Days 1, 2, and 3 were 1.86 (1.18–2.93, p = 0.01), 
1.13 (0.83–1.53, p = 0.44), and 0.88 (0.66–1.17, p = 0.08), 
respectively. (Additional file 1: Appendix Figure S6) The 
meta-regression results are summarized in Additional 
file  1: Appendix Tables S7 and S8 and Additional file  1: 
Appendix Figures  S12 and S23. The results showed 
the factor’s effect direction (positive for age; negative 
for echocardiography operation timing, SOFA scores, 
and the percentages of mechanical ventilation and sep-
tic shock) and the heterogeneity from which studies, 
but the influences were insignificant in the outcome 
heterogeneity.

A one-by-one exclusion method was used for sensi-
tivity analysis, and the results showed that the effect of 
an individual article on risk ratio and heterogeneity was 
small. (Additional file 1: Appendix Tables S5 and S6) The 
other sensitivity analyses did not change the original find-
ings of in-hospital (RRs range between 1.31–1.39) and 
1-month mortality (RRs range 1.40–1.52) when taking 
into account potential duplicate patients and uncertain 

extracted data. (Additional file 1: Appendix Figures S2–
S4 and S13–S15).

Discussion
Clinical implication
In this systematic review and meta-analysis of observa-
tional studies, our findings show that despite a marginal 
increase, the in-hospital mortality of SIC patients was 
non-statistically higher than that of non-SIC patients, 
consistent with previous findings [39]. However, the 
length of hospital stay ranged substantially across the 
enrolled studies (4.9–43  days), and this heterogeneity 
may confound the result. In our analyses, SIC was asso-
ciated with higher risks of 1-month mortality among 
septic patients even after discharge; moreover, given the 
hospital stay length  ≥ 10  days, SIC patients may have a 
1.4-time risk of in-hospital mortality, compared with 
non-SIC patients. The findings are contrary to some 
studies that indicated septic patients developing LVSD 
might even have better survival than those with normal 
LV systolic function during sepsis [4, 9]. The discrepancy 
could be due to the fact that in the previous studies, the 
LVEF was influenced not only by cardiac contractility 
but also by preload and afterload. Therefore, the complex 
hemodynamic profiles may not have been fully quanti-
fied and accounted for in most critically ill septic patients 
[40]. Besides, the results of the previous studies could 
be biased due to the lack of adjustment of sepsis sever-
ity scores, different types of vasopressors, and other vari-
ables [2, 41].

SIC is usually considered a temporary and reversible 
phenomenon that mainly affects septic patients at the 
acute stage [4, 6]. The mechanism is still poorly under-
stood. Some studies found that the associated media-
tors may include endotoxin, inflammatory cytokines 

Fig. 2  The forest plot shows in-hospital mortality between septic patients with and without sepsis-induced cardiomyopathy (SIC). SIC is 
non-statistically associated with higher risk of in-hospital mortality among septic patients
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(such as tumor necrosis factor α and interleukin-1), 
nitric oxide, mitochondrial dysfunction, downregula-
tion of β-adrenergic receptors, and decreasing myofibril 
response to calcium and histone release [6, 42]. However, 
these mediators were mainly observed at the acute sepsis 
stage, and the duration of the impact of these chemical 
mediators and reactions on the myocardium is still arbi-
trary. Leah B. Kosyakovsky LB et al. indicated that people 
who survived sepsis might have long-term, higher risks 
of late cardiovascular events (1.77 and 1.67 times the 
risk of myocardial infarction and stroke, respectively) at 

least 5 years following hospital discharge [43]. A series of 
host responses to sepsis, like dysregulated inflammation, 
immune function, metabolism, endothelial dysfunction, 
and coagulation, are also causal mediators of cardio-
vascular diseases, e.g., atherosclerosis, thrombosis, and 
myocardial injury [44–46]. These responses may lead to 
long-term cardiovascular diseases rather than only short-
term transient cardiovascular damage [47]. This implies 
that SIC-related responses may continue influencing the 
cardiovascular system or other systems even though the 
septic patients have recovered from cardiomyopathy 

Fig. 3  The forest plot shows one-month mortality between septic patients with and without sepsis-induced cardiomyopathy (SIC). SIC is 
significantly related to higher risk of one-month mortality among septic patients

Fig. 4  The forest plot presents the result of a subgroup analysis dividing in-hospital mortality into shorter (< 10 days, upper part) and longer 
(≥ 10 days, lower part) lengths of hospital stay. SIC is associated with a higher risk of in-hospital mortality among septic patients with a length of 
hospital stay longer ≥ 10 days
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[48]. In our findings, the mortality risk between SIC and 
non-SIC among septic patients with shorter hospital stay 
length (< 10  days) was not significantly different. How-
ever, SIC was associated with higher 1-month mortality 
among septic patients and increased in-hospital mortal-
ity for those with the length of hospital stay  ≥ 10  days. 
This phenomenon may imply that SIC patients poten-
tially have more extended host responses to sepsis, con-
tributing to higher mortality after the early acute stage. 
Also, these findings may emphasize the importance of 
continuous care and monitoring among SIC patients 
even after recovery from cardiomyopathy.

Right and left ventricular dysfunction in sepsis
Sepsis and septic shock can depress myocardial func-
tion and lead to biventricular dysfunction. Our study 
found that LV dysfunction was not associated with 
SIC-related 1-month mortality. In contrast, RV dys-
function was associated with a higher risk of 1-month 
mortality. Our study did not categorize LV dysfunc-
tion into LVSD and LVDD because the articles meet-
ing the inclusion criteria for acute-stage analysis were 
inadequate. However, LVDD is more likely to be associ-
ated with overall mortality than LVSD. A meta-analysis 
including 585 patients with poor LVEF presented that 
LVSD was neither a sensitive (52%) nor specific (63%) 
predictor of mortality among septic patients [11]. Simi-
larly, another study pooling 636 patients demonstrated 

that LVSD was not associated with mortality; never-
theless, LVDD was associated with a 1.82-time risk of 
overall mortality [12]. Due to the controversial findings, 
more studies regarding SIC-related LV dysfunction 
may be warranted to examine the impact of LVSD and 
LVDD on mortality at the acute stage (in-hospital and 
1-month mortality) among septic patients.

In past decades, right heart catheterization and radio-
nuclide ventriculography have been used to evaluate RV 
dysfunction in septic patients [49]. More recent studies 
have used echocardiography to assess RV performance 
with advancements and convenience. This study included 
various evaluation tools and found that SIC patients with 
RV dysfunction have a 1.74-time risk of 1-month mortal-
ity. Preload failure, afterload-induced dysfunction, and 
ARDS all can lead to RV dysfunction, and studies have 
indicated RV dysfunction as an independent risk fac-
tor for in-hospital mortality among septic patients [3, 
26, 50]. Besides, SIC patients with RV dysfunction may 
have lower cardiac output and use more inotropic medi-
cations, leading to more comorbidities, such as acute 
kidney injury, and, thus, higher mortality [26]. As dem-
onstrated by Vallabhajosyula, S. et  al., RV dysfunction 
is associated with short-term (≤ 30 days) and long-term 
[1–12  months] sepsis-related mortality [13]. With rela-
tively lower heterogeneity, our study may provide further 
information to support the association of RV dysfunction 
and 1-month mortality among SIC patients. Also, the 

Fig. 5  The forest plot presents the subgroup-analysis result stratifying one-month mortality by left ventricular (LV) and right ventricular (RV) 
dysfunction. Sepsis-induced cardiomyopathy (SIC) with RV dysfunction is significantly associated with higher risk of one-month mortality (lower 
part), while the association between SIC with LV dysfunction and one-month mortality is insignificant (upper part)
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findings emphasize the importance of routine RV assess-
ment for septic patients [13].

Limitation
There are some limitations in this study. First, this meta-
analysis pooled the data from various observational stud-
ies with different cut-off values, selection definitions, and 
severities of sepsis, which may lead to heterogenicity in 
the outcomes. Despite a large number of subgroup anal-
yses and meta-regression, it was impossible to examine 
some sources of heterogeneity without individual-level 
patient data. For example, some pre-existing comorbidi-
ties, such as ischemic heart disorders, heart failure, or 
ARDS, that should have been excluded or could be the 
SIC risk factors or exacerbating variables, were not suf-
ficiently explored. Second, unadjusted confounding is 
frequently a concern in observational studies. We directly 
extracted the original event numbers from the included 
studies to calculate risk estimates, and these estimates 
were not adjusted for confounding factors. In this case, 
the DerSimonian and Laird random-effects model mini-
mized the impact. We then performed meta-regression 
and subgroup analyses to adjust the confounding and 
assess the heterogeneity. Despite this, the residue and 
unmeasurable effects could impact our results. Some out-
comes with low significance or high heterogeneity may 
need a cautious interpretation. At last, this study con-
ducted a systematic review of relevant studies and pooled 
data to investigate the association between SIC and mor-
tality. The causal relationship may require future cohorts 
and biomechanical studies in the absence of detailed time 
sequences and other background determinants.

Conclusions
Our study found that SIC is related to higher 1-month 
mortality among septic patients and increased in-hospi-
tal mortality among those with a more extended hospi-
tal stay than 10 days. Besides, RV dysfunction was found 
to be associated with a higher risk of 1-month mortal-
ity. These findings emphasize the importance of prompt 
biventricular assessment for septic patients, with con-
tinuum care and monitoring for SIC patients even after 
recovery. Future studies with a more explicit definition 
of sepsis, hemodynamic parameters, variables of assess-
ment tools, and outcomes are warranted to provide more 
evidence of the association between SIC and mortality.

Abbreviations
SIC: Sepsis-induced cardiomyopathy; LV: Left ventricular; LVSD: Left ventricular 
systolic dysfunction; LVDD: Left ventricular diastolic dysfunction; RV: Right ven‑
tricular; APACHE score: Acute physiology and chronic health evaluation score; 
SOFA score: Sequential organ failure assessment score; PRISMA guidelines: 
Preferred reporting items for systemic reviews and meta-analyses guidelines; 

RR: Risk ratio; CI: Confidence interval; LVEF: Left ventricular ejection fraction; 
ARDS: Acute respiratory distress syndrome.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s13613-​022-​01089-3.

Additional file 1: Appendix Table S1. Search strategy in PubMed and 
Embase on 8 July 2021. Appendix Table S2. Appraisal of cohort stud‑
ies and case-control studies with Newcastle Ottawa Scale. Appendix 
Table S3. Risk estimates of the included studies. Appendix Table S4. Risk 
adjustment method of the included studies for data pooling. Appendix 
Table S5. One-by-one exclusion method for subgroup analysis of in-
hospital mortality. Appendix Table S6. One-by-one exclusion method 
for sensitivity analysis of one-month mortality. Appendix Table S7. A 
random-effects meta-regress with Egger’s regression-based test for the 
in-hospital mortality. Appendix Table S8. A random-effects meta-regress 
with Egger’s regression-based test for the one-month mortality. Appen‑
dix Figure S1. The forest plot of the total selected studies 1. Mortality 
during ICU stay; 2. Mortality within 7 days; 3. Mortality within 10 days; 4. 
One-month mortality; 5. In-hospital morality; 6. One-year mortality; 7. 
Two-year mortality; 8. Mortality with non-defined duration. Appendix 
Figure S2. Sensitivity analyses of in-hospital mortality. Using the data for 
left ventricular diastolic dysfunction in Vallabhajosyula et al. 2016. Appen‑
dix Figure S3. Sensitivity analyses of in-hospital mortality. Using the data 
for left ventricular diastolic and diastolic dysfunction in Vallabhajosyula 
et al. 2016, with the assumption of no duplicated patients. Appendix 
Figure S4. Sensitivity analysis for in-hospital mortality. Due to the possibil‑
ity of duplicated patients, the sensitivity analysis excluded anyone study 
of Vallabhajosyula to evaluate the range of result uncertainty. (upper, 
excluding Vallabhajosyula, 2017; lower, excluding Vallabhajosyula, 2018). 
Appendix Figure S5. Subgroup analysis for in-hospital mortality. The 
selected studies were divided into sepsis diagnosis with sepsis II and sep‑
sis III definitions. (1, sepsis II; 2, sepsis III). Appendix Figure S6. Subgroup 
analysis for in-hospital mortality. The selected studies were divided into 
Day-1, Day-2, Day-3 echocardiography screening. (1, Day 1; 2, Day 2; 3, Day 
3). Appendix Figure S7. Subgroup analysis for in-hospital mortality. The 
selected studies were divided into   echocardiography by protocol and 
by clinical needs. (1, by protocol; 2, by clinical needs). Appendix Figure 
S8. Subgroup analysis for in-hospital mortality. The selected studies 
were divided into the subgroups according to (1) left ventricular systolic 
dysfunction, (2) left ventricular diastolic dysfunction, (3) left ventricular 
dysfunction, (4) right ventricular dysfunction. Appendix Figure S9. 
Subgroup analysis for in-hospital mortality. The selected studies were 
divided into the subgroups according to different cut-off values. 1. Only 
LVEF <50%, 2. LVEF<50%, or LVEF reduction >10%, 3. LVEF<50%+E/e’>15, 
4. RV S’ <15cm/s or TAPSE <16mm. Appendix Figure S10. Subgroup 
analysis for in-hospital mortality. The selected studies were divided into 
the subgroups according to whether the risk estimate adjustment was 
performed in the selected studies. (1, without risk estimate adjustment; 2, 
with risk estimate adjustment). Appendix Figure S11. Subgroup analysis 
for in-hospital mortality. The selected studies were divided into the sub‑
groups according to the appraisal quality of studies (1. Worse quality; 2. 
Better quality). Appendix Figure S12. The bubble plot diagrams showed 
the meta-regression examining the heterogeneity in in-hospital mortality 
by different characteristics in the selected studies. Appendix Figure 
S13. Sensitivity analyses of one-month mortality. Using the data for right 
ventricular dysfunction in Innocenti’s study. Appendix Figure S14. Sen‑
sitivity analyses of one-month mortality. Using the data for left and right 
ventricular dysfunction in Innocenti’s study Innocenti’s data (assumed 
no duplicated patients). Appendix Figure S15. Sensitivity analysis for 
one-month mortality. Due to the possibility of duplicated patients, the 
sensitivity analysis excluded anyone study of Innocenti to evaluate the 
range of result uncertainty. (upper, excluding Innocenti, Mar 2020; lower, 
excluding Innocenti, Oct 2020). Appendix Figure S16. Subgroup analysis 
for one-month mortality. The selected studies were divided into sepsis 
diagnosis with sepsis II and sepsis III definitions. (1, sepsis II; 2, sepsis III). 
Appendix Figure S17. Subgroup analysis for one-month mortality. The 
selected studies were divided into Day-1, Day-2, Day-3 echocardiography 

https://doi.org/10.1186/s13613-022-01089-3
https://doi.org/10.1186/s13613-022-01089-3


Page 13 of 14Lin et al. Annals of Intensive Care          (2022) 12:112 	

screening. (1, Day 1; 2, Day 2; 3, Day 3). Appendix Figure S18. Subgroup 
analysis for one-month mortality. The selected studies were divided into 
echocardiography by protocol and by clinical needs. (1, by protocol; 2, by 
clinical needs). Appendix Figure S19. Subgroup analysis for one-month 
mortality. The selected studies were divided into the subgroups according 
to (1) left ventricular systolic dysfunction, (2) left ventricular diastolic dys‑
function, (3) left ventricular dysfunction, (4) right ventricular dysfunction, 
(5) left and right ventricular dysfunction. Appendix Figure S20. Subgroup 
analysis for one-month mortality. The selected studies were divided into 
the subgroups according to different cut-off values. 1. Only LVEF <50%, 
2. LVEF<50% or LVEF reduction >10%, 3. LVEF<50%+E/e’>15, 4. RV S’ 
<15cm/s or TAPSE <16mm. Appendix Figure S21. Subgroup analysis 
for one-month mortality. The selected studies were divided into the sub‑
groups according to the appraisal quality of studies (1. Worse quality; 2. 
Better quality). Appendix Figure S22. Subgroup analysis for one-month 
mortality. The selected studies were divided into the subgroups according 
to whether the risk estimate adjustment was performed in the selected 
studies. (1, without risk estimate adjustment; 2, with risk estimate adjust‑
ment). Appendix Figure S23. The bubble plot diagrams showed the 
meta-regression examining the heterogeneity in one-month mortality by 
different characteristics in the selected studies.

Acknowledgements
Not applicable

Author contributions
YML, HST, WTC, HST, and CTL contributed to this study, including the concep‑
tion and design of the research, and drafting of the manuscript. MCL and YML 
contributed to this study’s data extraction, analyses, and interpretation of data. 
This manuscript was revised by HST, WTC, SYC, FHK, HJT, YMH, DW, JM, ZYZ, 
and CTL. All the authors gave final approval and agree to all aspects of the 
work, ensuring integrity and accuracy. All the authors read and approved the 
final manuscript.

Funding
Chi Mei Medical Centre (CMFHR11153) and Internal Funds KU Leuven (STG-18-
00379) supported this study.

Availability of data and materials
All data generated or analyzed during this study are included in this published 
article and its supplementary information files.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
All the authors declare that the research was conducted in the absence of 
any financial or commercial relationships, which could become a potential 
competing interest.

Author details
1 Division of Cardiology, Department of Internal Medicine, Chi Mei Medical 
Centre, No.901, Zhonghua Rd. Yongkang Dist., 71004 Tainan, Taiwan. 2 Depart‑
ment of Pharmacy, Chi Mei Medical Centre, Tainan, Taiwan. 3 Department 
of Public Health, College of Medicine, National Cheng Kung University, Tainan, 
Taiwan. 4 Department of Intensive Care Medicine, Chi Mei Medical Centre, 
Tainan, Taiwan. 5 Institute of Clinical Medicine, College of Medicine, National 
Cheng Kung University, Tainan, Taiwan. 6 Department of Health and Nutrition, 
Chia Nan University of Pharmacy and Science, Tainan, Taiwan. 7 Department 
of Biotechnology, Southern Taiwan University of Science and Technology, 
Tainan, Taiwan. 8 Department of Nursing, Chang Gung University of Science 
and Technology, Chiayi, Taiwan. 9 Studies Coordinating Centre, Research Unit 

Hypertension and Cardiovascular Epidemiology, KU Louvain Department 
of Cardiovascular Sciences, University of Leuven, Leuven, Belgium. 

Received: 22 August 2022   Accepted: 2 December 2022

References
	1.	 Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D, 

Bauer M, et al. the third international consensus definitions for sepsis and 
septic shock (sepsis-3). JAMA. 2016;315(8):801–10.

	2.	 Beesley SJ, Weber G, Sarge T, Nikravan S, Grissom CK, Lanspa MJ, Shahul S, 
et al. Septic cardiomyopathy. Crit Care Med. 2018;46(4):625–34.

	3.	 Vallabhajosyula S, Geske JB, Kumar M, Kashyap R, Kashani K, Jentzer JC. 
Doppler-defined pulmonary hypertension in sepsis and septic shock. J 
Crit Care. 2019;50:201–6.

	4.	 Parker MM, Shelhamer JH, Bacharach SL, Green MV, Natanson C, Frederick 
TM, et al. Profound but reversible myocardial depression in patients with 
septic shock. Ann Intern Med. 1984;100(4):483–90.

	5.	 Hollenberg SM, Singer M. Pathophysiology of sepsis-induced cardiomyo‑
pathy. Nat Rev Cardiol. 2021;18(6):424–34.

	6.	 Sato R, Nasu M. A review of sepsis-induced cardiomyopathy. J Intensive 
Care. 2015;3:48.

	7.	 Havaldar AA. Evaluation of sepsis induced cardiac dysfunction as a pre‑
dictor of mortality. Cardiovasc Ultrasoun. 2018;16(1):31.

	8.	 Landesberg G, Gilon D, Meroz Y, Georgieva M, Levin PD, Goodman S, et al. 
Diastolic dysfunction and mortality in severe sepsis and septic shock. Eur 
Heart J. 2012;33(7):895–903.

	9.	 Jardin F, Fourme T, Page B, Loubières Y, Vieillard-Baron A, Beauchet A, et al. 
Persistent preload defect in severe sepsis despite fluid loading: a longi‑
tudinal echocardiographic study in patients with septic shock. Chest. 
1999;116(5):1354–9.

	10.	 Charpentier J, Luyt CE, Fulla Y, Vinsonneau C, Cariou A, Grabar S, et al. 
Brain natriuretic peptide: a marker of myocardial dysfunction and prog‑
nosis during severe sepsis. Crit Care Med. 2004;32(3):660–5.

	11.	 Sevilla Berrios RA, O’Horo JC, Velagapudi V, Pulido JN. Correlation of left 
ventricular systolic dysfunction determined by low ejection fraction 
and 30-day mortality in patients with severe sepsis and septic shock: a 
systematic review and meta-analysis. J Crit Care. 2014;29(4):495–9.

	12.	 Sanfilippo F, Corredor C, Fletcher N, Landesberg G, Benedetto U, Foex P, 
et al. Diastolic dysfunction and mortality in septic patients: a systematic 
review and meta-analysis. Intens Care Med. 2015;41(6):1004–13.

	13.	 Vallabhajosyula S, Shankar A, Vojjini R, Cheungpasitporn W, Sundaragiri 
PR, DuBrock HM, et al. Impact of right ventricular dysfunction on short-
term and long-term mortality in sepsis. Chest. 2021;159(6):2254–63.

	14.	 Yu CM, Sanderson JE, Marwick TH, Oh JK. Tissue doppler imaging a 
new prognosticator for cardiovascular diseases. J Am Coll Cardiol. 
2007;49(19):1903–14.

	15.	 Amzulescu MS, De Craene M, Langet H, Pasquet A, Vancraeynest D, 
Pouleur AC, et al. Myocardial strain imaging: review of general prin‑
ciples, validation, and sources of discrepancies. Eur Heart J-Card Img. 
2019;20(6):605–19.

	16.	 Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gøtzsche PC, Ioannidis JP, et al. 
The PRISMA statement for reporting systematic reviews and meta-anal‑
yses of studies that evaluate healthcare interventions: explanation and 
elaboration. BMJ. 2009;339:b2700.

	17.	 DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials. 
1986;7(3):177–88.

	18.	 Lanspa MJ, Cirulis MM, Wiley BM, Olsen TD, Wilson EL, Beesley SJ, et al. 
Right ventricular dysfunction in early sepsis and septic shock. Chest. 
2021;159(3):1055–63.

	19.	 Wilhelm J, Hettwer S, Schuermann M, Bagger S, Gerhardt F, Mundt S, et al. 
Severity of cardiac impairment in the early stage of community-acquired 
sepsis determines worse prognosis. Clin Res Cardiol. 2013;102(10):735–44.

	20.	 Boissier F, Razazi K, Seemann A, Bedet A, Thille AW, de Prost N, et al. Left 
ventricular systolic dysfunction during septic shock: the role of loading 
conditions. Intens Care Med. 2017;43(5):633–42.

	21.	 Artucio H, Digenio A, Pereyra M. Left ventricular function during sepsis. 
Crit Care Med. 1989;17(4):323–7.



Page 14 of 14Lin et al. Annals of Intensive Care          (2022) 12:112 

	22.	 Pulido JN, Afessa B, Masaki M, Yuasa T, Gillespie S, Herasevich V, et al. Clini‑
cal spectrum, frequency, and significance of myocardial dysfunction in 
severe sepsis and septic shock. Mayo Clin Proc. 2012;87(7):620–8.

	23.	 Mourad M, Chow-Chine L, Faucher M, Sannini A, Brun JP, de Guibert JM, 
et al. Early diastolic dysfunction is associated with intensive care unit 
mortality in cancer patients presenting with septic shock. Brit J Anaesthe‑
sia. 2014;112(1):102–9.

	24.	 Prabhu MM, Yalakala SK, Shetty R, Thakkar A, Sitapara T. Prognosis of left 
ventricular systolic dysfunction in septic shock patients. J Clin Diagn Res. 
2015;9(3):OC05-OC8.

	25.	 Sato R, Kuriyama A, Takada T, Nasu M, Luthe SK. Prevalence and risk 
factors of sepsis-induced cardiomyopathy: a retrospective cohort study. 
Medicine (Baltimore). 2016;95(39):e5031.

	26.	 Vallabhajosyula S, Kumar M, Pandompatam G, Sakhuja A, Kashyap R, 
Kashani K, et al. Prognostic impact of isolated right ventricular dysfunc‑
tion in sepsis and septic shock: an 8-year historical cohort study. Ann 
Intensive Care. 2017.

	27.	 Jeong HS, Lee TH, Bang CH, Kim JH, Hong SJ. Risk factors and outcomes 
of sepsis-induced myocardial dysfunction and stress-induced cardio‑
myopathy in sepsis or septic shock: a comparative retrospective study. 
Medicine (Baltimore). 2018;97(13):e0263.

	28.	 Vallabhajosyula S, Gillespie SM, Barbara DW, Anavekar NS, Pulido JN. 
Impact of new-onset left ventricular dysfunction on outcomes in 
mechanically ventilated patients with severe sepsis and septic shock. J 
Intensive Care Med. 2018;33(12):680–6.

	29.	 Narváez I, Canabal A, Martín C, Sánchez M, Moron A, Alcalá J, et al. 
Incidence and evolution of sepsis-induced cardiomyopathy in a cohort 
of patients with sepsis and septic shock. Med Intensiva (Engl Ed). 
2018;42(5):283–91.

	30.	 Vallabhajosyula S, Jentzer JC, Geske JB, Kumar M, Sakhuja A, Singhal A, 
et al. New-onset heart failure and mortality in hospital survivors of sepsis-
related left ventricular dysfunction. Shock. 2018;49(2):144–9.

	31.	 Rahasto P, Setianto B, Timan IS, Suhendro S, Sukrisman L, Sukamawan 
R, et al. Cardiac performance by echocardiography, cardiovascular 
biomarker, kidney function, and venous oxygen saturation as mortality 
predictors of septic shock. Acta Med Indones. 2019;51(1):47–53.

	32.	 Kim JS, Kim YJ, Kim M, Ryoo SM, Kim WY. Association between right ven‑
tricle dysfunction and poor outcome in patients with septic shock. Heart. 
2020;106(21):1665–71.

	33.	 Lahham S, Lee C, Ali Q, Moeller J, Fischetti C, Thompson M, et al. 
Tricuspid annular plane of systolic excursion (TAPSE) for the evaluation 
of patients with severe sepsis and septic shock. West J Emerg Med. 
2020;21(2):348–52.

	34.	 Shin DG, Kang MK, Seo YB, Choi J, Choi SY, Choi S, et al. Factors associ‑
ated with abnormal left ventricular ejection fraction (decreased or 
increased) in patients with sepsis in the intensive care unit. PLoS ONE. 
2020;15(3):e0229563.

	35.	 Song MJ, Lee SH, Leem AY, Kim SY, Chung KS, Kim EY, et al. Predictors and 
outcomes of sepsis-induced cardiomyopathy inf critically ill patients. 
Acute Crit Care. 2020;35(2):67–76.

	36.	 Innocenti F, Palmieri V, Stefanone VT, Donnini C, D’Argenzio F, Cigana M, 
et al. Epidemiology of right ventricular systolic dysfunction in patients 
with sepsis and septic shock in the emergency department. Intern Emerg 
Med. 2020;15(7):1281–9.

	37.	 Innocenti F, Palmieri V, Stefanone VT, D’Argenzio F, Cigana M, Montuori 
M, et al. Prognostic stratification in septic patients with overt and 
cryptic shock by speckle tracking echocardiography. Intern Emerg Med. 
2021;16(3):757–64.

	38.	 Chayakul W, Tongyoo S, Permpikul C. Incidence and outcomes of sepsis-
related cardiomyopathy: a prospective cohort study. J Med Assoc Thai. 
2021;104(3):497–505.

	39.	 Sanfilippo F, Corredor C, Fletcher N, Tritapepe L, Lorini FL, Arcadipane A, 
et al. Left ventricular systolic function evaluated by strain echocardiogra‑
phy and relationship with mortality in patients with severe sepsis or sep‑
tic shock: a systematic review and meta-analysis. Crit Care. 2018;22(1):183.

	40.	 Robotham JL, Takata M, Berman M, Harasawa Y. Ejection fraction revisited. 
Anesthesiology. 1991;74(1):172–83.

	41.	 Hanumanthu B, Nair AS, Katamreddy A, Gilbert JS, You JY, Offor OL, et al. 
Sepsis-induced cardiomyopathy is associated with higher mortality rates 
in patients with sepsis. Acute Crit Care. 2021;36(3):215–22.

	42.	 Kaynar AM, Yende S, Zhu L, Frederick DR, Chambers R, Burton CL, et al. 
Effects of intra-abdominal sepsis on atherosclerosis in mice. Crit Care. 
2014;18(5):469.

	43.	 Kosyakovsky LB, Angriman F, Katz E, Adhikari NK, Godoy LC, Marshall JC, 
et al. Association between sepsis survivorship and long-term cardiovas‑
cular outcomes in adults: a systematic review and meta-analysis. Intens 
Care Med. 2021;47(9):931–42.

	44.	 Yende S, D’Angelo G, Mayr F, Kellum JA, Weissfeld L, Kaynar AM, et al. 
Elevated hemostasis markers after pneumonia increases one-year risk of 
all-cause and cardiovascular deaths. PLoS ONE. 2011;6(8):e22847.

	45.	 Mira JC, Gentile LF, Mathias BJ, Efron PA, Brakenridge SC, Mohr AM, et al. 
Sepsis pathophysiology, chronic critical illness, and persistent inflam‑
mation-immunosuppression and catabolism syndrome. Crit Care Med. 
2017;45(2):253–62.

	46.	 Foley JH, Conway EM. Cross talk pathways between coagulation and 
inflammation. Circ Res. 2016;118(9):1392–408.

	47.	 Yende S, D’Angelo G, Kellum JA, Weissfeld L, Fine J, Welch RD, et al. Inflam‑
matory markers at hospital discharge predict subsequent mortality after 
pneumonia and sepsis. Am J Resp Crit Care. 2008;177(11):1242–7.

	48.	 Wang HE, Szychowski JM, Griffin R, Safford MM, Shapiro NI, Howard G. 
Long-term mortality after community-acquired sepsis: a longitudinal 
population-based cohort study. BMJ Open. 2014;4(1):e004283.

	49.	 Kimchi A, Ellrodt AG, Berman DS, Riedinger MS, Swan HJ, Murata GH. 
Right ventricular performance in septic shock: a combined radionuclide 
and hemodynamic study. J Am Coll Cardiol. 1984;4(5):945–51.

	50.	 Geri G, Vignon P, Aubry A, Fedou AL, Charron C, Silva S, et al. Cardiovas‑
cular clusters in septic shock combining clinical and echocardiographic 
parameters: a post hoc analysis. Intens Care Med. 2019.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Association of sepsis-induced cardiomyopathy and mortality: a systematic review and meta-analysis
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Data sources and searches
	Study selection
	Data extraction and quality assessment
	Data synthesis and meta-analysis
	Subgroup and sensitivity analysis
	Role of the funding source

	Results
	Characteristics of included studies and population
	Quality of enrolled studies
	Outcomes
	Subgroup and sensitivity analyses

	Discussion
	Clinical implication
	Right and left ventricular dysfunction in sepsis
	Limitation

	Conclusions
	Acknowledgements
	References




