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The association of vasoactive-inotropic score

and surgical patients’ outcomes: a systematic
review and meta-analysis
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Abstract

Background The objective of this study is to conduct a systematic review and meta-analysis examining the relation-
ship between the vasoactive-inotropic score (VIS) and patient outcomes in surgical settings.

Methods Two independent reviewers searched PubMed, Web of Science, EMBASE, Scopus, Cochrane Library, Google
Scholar, and CNKI databases from November 2010, when the VIS was first published, to December 2022. Additional
studies were identified through hand-searching the reference lists of included studies. Eligible studies were those
published in English that evaluated the association between the VIS and short- or long-term patient outcomes

in both pediatric and adult surgical patients. Meta-analysis was performed using RevMan Manager version 5.3,

and quality assessment followed the Joanna Briggs Institute (JBI) Critical Appraisal Checklists.

Results A total of 58 studies comprising 29,920 patients were included in the systematic review, 34 of which were
eligible for meta-analysis. Early postoperative VIS was found to be associated with prolonged mechanical ventilation
(OR5.20,95% Cl 3.78-7.16), mortality (OR 1.08, 95% CI 1.05-1.12), acute kidney injury (AKI) (OR 1.26,95% CI 1.13-1.41),
poor outcomes (OR 1.02,95% Cl 1.01-1.04), and length of stay (LOS) in the ICU (OR 3.50, 95% Cl 2.25-5.44). The opti-
mal cutoff value for the VIS as an outcome predictor varied between studies, ranging from 10 to 30.

Conclusion Elevated early postoperative VIS is associated with various adverse outcomes, including acute kidney
injury (AKI), mechanical ventilation duration, mortality, poor outcomes, and length of stay (LOS) in the ICU. Monitoring
the VIS upon return to the Intensive Care Unit (ICU) could assist medical teams in risk stratification, targeted interven-
tions, and parent counseling.

Systematic review registration PROSPERO CRD42022359100.
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Background

Timely initiation of vasoactive and inotropic medica-
tions is crucial for hemodynamic management in both
surgical settings and intensive care unit (ICU) [1-3].
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could be detrimental during surgical procedures [6, 7].
The severity of illness quantification is vital for critical
care physicians, as it can guide patient prognostication
and family counseling.

The vasoactive-inotropic score (VIS), first proposed
in 2010 [1], has since been extensively used to quantify
cardiovascular support after cardiac surgery in pediat-
ric patients. Davidson et al. [8], in a study on 70 infants
(< 90 days of age), found that a higher VIS at 48h post-
cardiothoracic surgery was strongly correlated with
prolonged mechanical ventilation and extended stays
in both the ICU and the hospital. This easy-to-calcu-
late bedside tool has been validated as an independ-
ent predictor of adverse outcomes, such as duration of
mechanical ventilation, length of stay (LOS) in the ICU
and hospital, and mortality [1, 8, 9]. For cardiac surgical
patients, the VIS represented a significant advancement
in assessing hemodynamic needs at specific time points
post-surgery, facilitating meaningful comparisons
across patients and institutions. Not limited to pediat-
ric settings, the VIS also predicts adverse postoperative
outcomes in adults. For instance, a study by Koponen
et al. [10] conducted a noteworthy study that aimed to
retrospectively evaluate the association between the
highest VIS in the first 24 h post-ICU admission and a
composite poor outcome in 3213 adult cardiac surgi-
cal patients, elucidating a linear increase in the odds of
adverse primary postoperative outcomes with escalat-
ing ICU-VIS scores.

To date, most studies regarding the application of the
VIS have been conducted in the respective authors’ coun-
tries and regions [11-14]. A recent systematic review
published by Belletti et al. [15], which searched from
2010 to 2019, examined the evolution, clinical utility, and
pitfalls of the VIS. Despite differing VIS calculation tim-
ings and cutoff values across studies, all concurred on
its value as an outcome predictor. However, no compre-
hensive qualitative or quantitative reviews have yet been
conducted specifically on the association between VIS
and surgical patient outcomes. This study aims to address
this gap, with primary outcomes focusing on the quanti-
tative relationship between the VIS and surgical patient
outcomes. Secondary outcomes will consider the optimal
the VIS cutoff value for predicting these outcomes.

Methods

Protocol and registration

The systematic review and meta-analysis followed
the Preferred Reporting Items for Systematic Reviews
and Meta-Analysis (PRISMA) guidelines [16] and
were registered at PROSPERO (registration number
CRD42022359100) [17].
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Search strategy

Three reviewers (YTS, WW, YTY) independently
searched databases including PubMed, Web of Science,
EMBASE, Scopus and Cochrane Library, Google Scholar,
and CNKI from November 2010, when the VIS was first
published, to December 2022. To maximize the chances
of identifying relevant studies, different combinations of
search words were used as follows: “(vasoactive and ino-
tropic score) AND (mortality OR morbidities OR compli-
cations)”” No restrictions were used.

Inclusion and exclusion criteria

We included the following studies: (1) population, pediat-
rics and adults undergoing any type of surgery; (2) study
type, any; (3) outcomes, studies evaluating the associa-
tion between the VIS and short- or long-term patient
outcomes; (4) publication type, any article type; and (5)
language, published in English.

Excluded studies were as follows: (1) review articles,
case reports, guidelines, conference abstracts, letters, or
studies with insufficient data; (2) duplications; (3) studies
with incomplete or incorrect data and those not analyz-
ing the association between VIS and outcomes; and (4)
grey literature.

Study selection

After deleting duplicates records by using EndNote X7
reference management software, two of the authors
(WW and YTS) independently examined the titles and
abstracts of all potentially relevant studies and retrieved
the full-text records for eligibility. Two reviewers (YTS
and WW) independently reviewed the titles and abstracts
of all identified studies for eligibility, followed by a full
text review. Disagreement on inclusion was resolved by
consensus and after discussion with the senior reviewer
(YTY).

Data extraction

The data was independently extracted by YTS and WW
into an Excel table, including study information (first
author, publication year, country, years of collection,
sample size, type of surgery), patient demographics (age,
gender), the VIS data (time points of collection, cut-off
value, validity of the VIS), and cross-sectional association
between the VIS and outcomes (adjusted or unadjusted
odds ratio (OR) with corresponding 95% confidence
intervals (CI)). The OR value adjusted to the maximum
extent for potentially confounding variables was selected,
for only one model could be selected from studies report-
ing more than one adjusted mode. Predictive validity
was defined as the ability of the VIS to predict patient
outcomes, including the receiver operator characteristic
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(ROC) and area under the curve (AUC), sensitivity, and
specificity. Disagreements were resolved by discussion
with author (YTY).

Study quality assessment

Quality assessment was conducted independently by
two reviewers (YTS and WW) using the Joanna Briggs
Institute (JBI) Critical Appraisal Checklists for analytical
observational studies [18]. Any disagreement in opinion
regarding quality was resolved by discussion consensus
with a third investigator (YTY). JBI Critical Appraisal
Checklist contains 11 questions for cohort studies, 8 for
cross-sectional studies and 10 for case control studies.
All questions to determine the potential risk of bias can
be answered with yes, no, unclear, or not applicable. If
the answer is yes, the question is assigned a score of 1. If
the answer is no, unclear, or not applicable, it is assigned
a score of 0. A score of 4 to 6 indicates moderate quality,
whereas as score of 7 or more indicates high quality.

Statistical analysis

The primary outcomes focused on the quantitative review
of the association between the VIS and patient outcomes.
Meta-analysis was conducted if two or more studies pro-
vided the same effect concerning the VIS. Adjusted ORs
from multivariate aggressive analysis, along with their
respective 95% of Cls, were extracted from each of the
studies. The reported ORs were converted into log(OR),
and the 95% ClIs were transformed into standard errors
(SE) using a random-effects model to pool the data [19,
20]. A random-effects meta-analysis was used because
of the expected heterogeneity. Heterogeneity was
assessed using the Q statistic and an I* index score, with
P < 0.10 and * > 50% considered statistically significant.

Page 3 of 16

Publication bias was evaluated through a visual inspec-
tion of funnel plots. Sensitivity analysis was considered to
examine the influence of each study on the stability of the
meta-analysis results. Subgroup analysis was attempted if
possible to address the potential sources of heterogeneity.
All analysis were performed using Review Manager 5.3
(Cochrane Collaboration, Denmark).

The secondary outcomes focused on the qualitative
review of the predictive value of the VIS. In this review
and meta-analysis, apart from one non-cardiac surgery
[21], all other included studies were cardiac surgery
including the large number of different surgical proce-
dures, and almost all of the studies included were ret-
rospective and the outcome variable varied from each
study. We could not pool sensitivity and specificity esti-
mates across different VIS cut-off values, as these varied
between studies. Therefore, we summarized the results of
each article individually (Table 2).

Results

Search results

Figure 1 illustrates the different phases of the search and
selection processes. A total of 21,600 records were iden-
tified, of which 58 studies met the inclusion criteria and
34 studies were included in the meta-analysis. Apart
from one prospective randomized study [22] and one ret-
rospective secondary analysis of an RCT [23], all other
included studies were observational and had low to mod-
erate risk of bias according to the assessment results of
JBI checklist scores (Table S1-S3).

Study characteristics
The VIS was applied in studies across 14 countries, with
the majority conducted in the USA (n = 22), followed by

B Records identified through database searching
§ (PubMed, Web of Science, EMBASE, Scopus and
Cochrane Library, Google Scholar and CNKI
% databases)
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Review:5
Case report:3
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- > :
conferences:31
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g Non-operatively relevant:525
a A
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v
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Fig. 1 PRISMA flow diagram of study selection
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China (n = 9), India (n = 5), Turkey (n = 5), Germany (n
= 4), Korea (n = 3), Russia (n = 2), Spain (n = 2), Canada
(n = 1), Finland (n = 1), France (n = 1), Japan (n = 1),
Canada (# = 1) and Australia (# = 1). Data from a total
of 29.920 patients with the VIS were included, of which
11.409 (38.13%) were female patients, with a mean age
range of 6 (1-90) days to 68 (19-90) years. The number
of participants ranged from 32 to 8543 in each included
study. The VIS was recorded in the early postoperative
period, including 24 h, 48 h, and 72 h. Among the fifty-
eight studies, 42 involved pediatric populations, and 16
involved adult patients (Table 1). As shown in Table 2,
the optimal cutoff value of the VIS as a predictor of out-
comes varied widely, and none of the studies reported
an identical VIS cutoff value. The ROC area ranged from
76% to 94%, with sensitivity from 53% to 90% and speci-
ficity from 74% to 88%.

Primary outcomes

Studies demonstrating a correlation between the VIS and
outcomes such as arrhythmias, nonocclusive mesenteric
ischemia (NOMI), extracorporeal membrane oxygena-
tion (ECMO) instituted, chylothorax, or postoperative
infection are not pooled estimated odd ratio for only one
study provided the effect measures of outcomes concern-
ing the VIS, and we summarized the results of each arti-
cle individually in Fig. 2. A meta-analysis was conducted
if two or more studies provided the same effect measures
of outcomes concerning the VIS. The association of VIS
with mechanical ventilation duration [18, 25, 27, 34, 35,
37, 41, 44, 50, 51, 66], mortality [3, 26, 36, 41, 43, 58—60,
62, 71], acute kidney injury (AKI) [22, 33, 43, 45, 52, 55,
69, 70], a low cardiac output syndrome (LCOS) [11, 51],
LOS in the ICU [1, 8, 28, 41, 50, 66], poor outcomes [1, 9,
11, 41, 50, 59, 61, 66, 71], and LOS in the hospital [8, 50]
were meta-analyzed (Fig. 3). We only provided a first step
in validating the association between the VIS and patient
outcomes and did not consider timepoints. Despite of
the timepoints of the VIS being recorded at 24 h, 48 h,
and 72 h after surgery, we referred to them collectively
as the early postoperative period. It was concluded that
the early postoperative VIS is associated with mechani-
cal ventilation duration (OR, 1.16; 95% CI, 1.08, 1.26; p
< 0.00001), mortality (OR, 1.16; 95% CI, 1.08, 1.25; p <
0.00001), AKI (OR, 1.21; 95% CI, 1.10, 1.34; p < 0.00001),
LOS in the ICU (OR, 4.07; 95% CI, 1.42, 11.66; p = 0.009),
and poor outcomes (OR, 1.06; 95% CI, 1.01, 1.12; p =
0.02), respectively, in Fig. 3A, B, C, G, and D.

Sensitivity analysis

Considering that significant heterogeneity among studies
were detected for mechanical ventilation duration (2 =
91%), mortality (* = 82%), AKI ( I* = 89%), LOS in the
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ICU (P = 94%), and poor outcomes (I* = 73%), sensitiv-
ity analysis using leave one out was conducted. Finally,
when omitting the studies of Tadros et al. [25], Lex et al.
[51], Luo et al. [34], Parmar et al. [27], Sun et al. [50],
and Zhang et al. [35], heterogeneity greatly decreased
for mechanical ventilation duration (7 = 41%), and sig-
nificant differences still existed (OR 5.20; 95% CI 3.78,
7.16; p < 0.00001) (Fig. 4A). When omitting the studies of
Chen et al. [36], Dilli et al. [3], Gaies et al. [41], and Kuly-
abin et al. [43], heterogeneity greatly decreased for mor-
tality (I = 44%), and significant differences still existed
(OR 1.08; 95% CI 1.05, 1.12; p < 0.000001) (Fig. 4B).
When omitting the studies of Beken et al. [33], Kulyabin
et al. [43, 22], and Singh et al. [70], heterogeneity greatly
decreased for AKI (I* = 44%), and significant differences
still existed (OR 1.26; 95% CI 1.13, 1.41; p < 0.0001)
(Fig. 4C). When omitting the studies of Gaies et al. [41]
and Sun et al. [50], heterogeneity disappeared for poor
outcomes (> = 0%), and significant differences still
existed (OR 1.02; 95% CI 1.01, 1.04; p = 0.0004) (Fig. 4D).
When omitting the studies of Poterucha et al. [66] and
Sun et al. [50], heterogeneity disappeared for LOS in the
ICU (I = 0%), and significant differences still existed (OR
3.50; 95% CI 2.25, 5.44; p < 0.00001) (Fig. 4E). Consider-
ing only two studies were included, LCOS and LOS in
the hospital could not undergo sensitivity analysis. The
sensitivity analyses, using a leave-one-out approach,
suggest that the findings are robust. This is important
because the initial I statistics showed high heterogene-
ity, meaning that the studies were quite different in some
way. Removing certain studies reduced this heterogeneity
while preserving the statistical significance.

Subgroup analysis

Due to the considerable difference in surgical procedures,
timepoints of the VIS, and only one [66] involved adult
patients, the association between the VIS and mechanical
ventilation duration was only assessed in different conti-
nents subgroups. The pooled estimate was different for
those in North American (OR 6.56; 95% CI 4.47, 9.62; p
< 0.000001) compared with those in Asia (OR 1.14; 95%
CI 1.02, 1.29; p = 0.03) as shown in Fig. 5A. considering
difference in study design, timepoints of the VIS, and
definition of outcome variables observed, the associa-
tion of the VIS with mortality, AKI, and poor outcomes
was assessed in different age subgroups. For mortality,
the pooled estimate was different for pediatrics (OR 3.09;
95% CI 1.73, 5.50; p = 0.0001) compared with adults (OR
1.08; 95% CI 1.04, 1.11; p < 0.00001) as shown in Fig. 5B.
For AKI, the pooled estimate was different for pediatrics
(OR 1.43; 95% CI 1.20, 1.70; p < 0.0001) compared with
adults (OR 1.12; 95% CI 1.02, 1.24; p = 0.02) as shown
in Fig. 5C. For poor outcomes, the pooled estimate was
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Table2 Predictive validity of the VIS
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Author, year Outcome variables

ROCarea Sensitivity Specificity VIS (high)* cutoff

Tadros et al,, 2020 [25] Primary graft dysfunction >0.8 0.81 0.74 Max VIS 0-24 h > 10
Garcia et al., 2016 [9] Composite adverse outcomes 0.762 0.67 0.74 Max VIS 24-48 h > 4.75
Kwon et al,, 2022 [59] 1-year mortality 0.82 N/A N/A Max VIS 0-48 h > 10.5,
Kim et al, 2015 [26] Early mortality 0.852 83.3% 85.3% Preoperative VIS >12.5
Barge-Caballero et al, 2015 [60] Postoperative infection N/A N/A N/A VIS at time of transplantation > 20
Baysal et al, 2021 [61] Early postoperative morbidity 0.969 09 0.88 VIS at the end of the surgery > 5.5
and mortality
Bangalore et al,, 2017 [28] Length of ICU stay and hospital stay ~ 0.85-0.88 714-85.7  75.0-819 MeanVIS0-24h >45
Max VIS 0-24 h > 4.8
Mean VIS 24-48 h > 3.1
Friedland-Little et al, 2014 [29]  The need for ECMO post-Norwood 0.83 739 823 Postoperative VIS 0-48 h > 27
Poterucha et al,. 2019 [66] Early mortality 0916 726 843 maxVIS > 3
Gaies et al, 2014 [41] Composite outcome (death, MCS, 0.79 57 82 Highest VIS 0-24 h > 20
RRT, cardiac arrest or CNS injury)
Kumar et al, 2014 [42] Sepsis; hematological complications;  N/A N/A N/A Highest VIS 0-48 h > 10
hepatic dysfunction
Sun et al, 2022 [50] Prolonged mechanical ventilation 0.780 67.7 834 Mean VIS 24-48 > 55
Zhang et al,, 2020 [56] Shunt failure after systemic pulmo- 0.84 73 84 VIS0-24h =85
nary shunt
Davidson et al,, 2012 [8] Prolonged mechanical ventilation 093 N/A N/A VIS at 48 h > 10.5; highest VIS 0-48 h >
17;1S at 48h > 3.9; highest IS0-48 h > 8
Koponen et al,, 2019 [10] Composite outcome (30-day mortal-  N/A N/A N/A Highest VIS 0-24 h > 30
ity, mediastinitis, cerebral infarction,
cerebral hemorrhage, RRT, and myo-
cardial infarction)
Lim et al.,, 2017 [68] NOMI N/A 53 88 Total VIS 0-24 h > 400
Liu et al, 2018 [64] NIV failure N/A N/A N/A VIS before commencing NIV > 6

Abbreviations: ECMO extracorporeal membrane oxygenation, MCS mechanical circulatory support, RRT renal replacement therapy, CNS central neurologic injury
(stroke or seizure), NOMI nonocclusive mesenteric ischemia, NIV noninvasive ventilation, VIS vasoactive-inotropic score, AUC area under the receiver operative

characteristic (ROC) curve

different for pediatrics (OR 1.12; 95% CI 1.05, 1.19; p =
0.0004) compared with adults (OR 1.02; 95% CI 1.01,
1.04; p = 0.0006) as shown in Fig. 5D. After age stratifi-
cation, the heterogeneity decreased. The association of
the VIS with mortality was more significant in pediatrics,
and age did not affect the association of the VIS with AKI
and poor outcomes. There are differences in the strength
of the VIS association when looked at from the perspec-
tive of geographical location and age groups. This could
be indicative of other factors (healthcare system quality,
population health characteristics, etc.) affecting the out-
comes, and it suggests that the VIS might be more or less
useful in different settings or for different age groups.

Discussion

In this study, the authors concluded that the elevated
VIS in the early postoperative period could predict out-
comes, including AKI, mechanical ventilation dura-
tion, mortality, poor outcomes, and LOS in the ICU. It
is important to note that more than three-quarters of
the adverse outcomes developed 24-h postoperative.

Therefore, awareness of the VIS from the time of return
to the ICU can aid the medical team in risk stratification,
targeted interventions, and parental counseling. The VIS,
with readily available parameters, is easy to calculate at
bedside. As a straightforward hemodynamic observation
parameter does not require laboratory examination, it
becomes an advantage for medical institutions with lim-
ited facilities or in places with grassroots levels to early
identify and stratify patients in high-risk cardiovascular
surgery. However, careful interpretation is required due
to the considerable difference in study design, timepoints
of the VIS, and definition of outcome variables observed.
In surgical center, patients were typically started on
vasoactive-inotropic agents by the attending anesthesi-
ologist and the cardiac surgeon without uniform proto-
col. Progress may be affected by the clinical experience
of the anesthesiologist and PICU physician. We did not
consider the concurrent validity assessed the perfor-
mance of the VIS in comparison to other scales (such
as vasoactive-ventilation-renal (VVR) score [24], total
inotrope exposure score(TIES) [28]) which may prove
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OR(95%CI) Author, Year
36-month survival — 15.1 (4.56,49.4) Chen, 2020
Nonocclusive mesenteric ischemia— i 1.30 (1.10, 1.60) Lim, 2017
Arhythmia—| & 1.03(1.01,1.06)  Radbill, 2022
Mortality at 1-36months —| : 2.89 (0.88, 9.49) Chen, 2020
Shunt failure — w 1.29 (1.21, 1.38) Zhang, 2020
Renal replacement therapy — ‘H—' 1.29(1.01, 1.83) Hou, 2021
Late sternal closure — i 1.10 (1.01, 1.20) Asfari, 2021
Stage 2/3 acute kidney injury — :'—*—' 1.90 (1.00, 3.40) Algaze, 2017
Cumulative Fluid Overload — :3 1.01 (1.00, 1.03) Lex, 2016
Post-Surgical Risk Model 1 1.02 (1.01, 1.03) Tabbutt, 2019
AKI requiring renal replacement therapy — i e 1.60(1.35, 1.91) Kulyabin, 2020
Listing failure with end-stage heart failure —| - 1.18 (1.09, 1.27) Sunavsky, 2018
Complication related morbidity — 7.30 (3.40, 15.5) Poterucha, 2019
Noninvasive ventilation failure — ' 3.31(1.22, 8.98) Liu, 2018
ECMO instituted — :l 1.02 (1.06, 1.08) Kuraim, 2018
Persistent serous effusions — ‘lﬂ 1.09 (1.01, 1.17) Raatz, 2019
Chylothorax —| - 1.07 (1.03, 1.11) Raatz, 2019
Require ECMO — 13.2 (4.8, 36.1) Little, 2014
Postoperative infection — —— 1.66 (1.02, 2.71) Caballero, 2015
Negative fluid balance — 3.00 (1.40, 6.70) Gaies, 2010
0 I1 3' é ‘I) 1I2 1I5

Fig. 2 Correlation of the included studies between VIS and outcomes

to be a better predictors of patient outcomes in the sur-
gical theater. Despite the low to moderate risk of bias
according to JBI checklist scores, there was only one ran-
domized controlled trial included. This could limit the
strength of the conclusions. Despite these challenges and
limitations, VIS can be used as predictor of patient out-
comes in the surgical theater as it is easy and simple to
measure without the need for prolonged follow-up. Our
preliminary effort was to merely describe the strength of
the association between the VIS and patients outcomes.
Understanding how these statistically significant findings
translate into clinical practice would be the next step.
Prospective randomized trials are necessary to directly
correlate the VIS to predicting morbidity and mortality
after surgical operations.

The VIS was developed to quantify vasoactive and ino-
tropic support after cardiac surgery in pediatric patients.
Gaies et al. [1] analyzed the association between the VIS
and clinical outcomes in infants undergoing cardiac sur-
gery and demonstrated that maximum (max) VIS values
within the first 48 h postoperatively were associated with
poor outcomes in terms of cardiac arrest, circulatory sup-
port, renal replacement therapy, neurologic injury, and
death. Max VIS values at 24 and 48 h were significantly
associated with increased hospitalization and prolonged
weaning periods among adolescents (10-18 years) with
congenital heart disease [9]. Davidson et al. [8] concluded
that higher VIS values at 48 h was strongly associated
with increased intubation time and long-term ICU and

hospital stay in infants (90 days) after cardiovascular sur-
gery. In comparison with the pediatric population, many
more studies were published in adults as well. Kwon et al.
[59] found that the increased VIS during the immediate
postoperative 48 h following of-pump coronary artery
bypass grafting (OPCAB) was significantly associated
with long-term morbidity and mortality up to 1 year. A
study [60] applied the VIS score in the adult population
and demonstrated that the adverse prognostic impact of
a high preoperative VIS was especially marked among
candidates bridged to transplantation under mechani-
cal circulatory support (MCS). Alam et al. [44] found a
higher inotropic requirement (depicted by higher VIS) to
be significantly associated with delayed extubation. Hou
et al. [69] retrospectively reviewed 1935 adult patients
who underwent cardiovascular surgery and showed that
the max VIS was associated with postoperative AKI and
the need for RRT in AKI patients.

In some studies, no significant association was found
between the VIS and outcomes after adjusting for con-
founders. Knight et al. [63] showed no significant associ-
ation between the VIS and AKI at 7 days after controlling
for covariates in bilateral orthotopic lung transplant
recipients. Odek et al. [39] concluded that lower VIS
(p<0.05) was associated with early extubation (EE), but
when combined into a multivariate model, there was no
significantly associated with EE. Talwar [48] analyzed the
VIS and found it was not related to mortality in patients
who underwent the bidirectional Glenn procedure. Siehr



Sun et al. Systematic Reviews (2024) 13:20

Page 11 of 16

0Odds Ratio Odds Ratio
Study or Subgroup __log[Odds Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% CI
Alam 2018 111514159 0.2961621 1.8% 3.05(1.71,5.45] Odds Ratio Odds Ratio
Davidson 2012 310458668 0.99427135 0.2% 22.30(3.18,156.54) _— Study or Subgrouy 10g[Odds Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% CI
Gaies 2010 1.70474809 040015712 1.0% 5.50(2.51,12.05) I Caballero 2015 066782937 0.2629693 1.9% 1.95(1.16,3.26] -
Gaies 2014 166770682 032727443 15% 5.30(2.79,10.07) - Chen 2020 1.01884732 031694875  1.3% 277[1.49,5.16)
Lex 2016 0.00498754 0.00995646 255% 1.01(0.99,1.02) Dilli 2018 209186406 0.75920824  0.2% 8.10(1.83,35.87]
Luo 2020 0.0295588 0.00495359 25.8% 1.03(1.02,1.04) Gaies 2014 258021683 065165815 0.3% 13.20(3.68,47.34)
Miletic 2015 1.82454929 039044483 1.0% 6.20(2.88,13.33) —_— Han 2019 005826831 0.0144436 22.0% 1.06[1.03,1.09]
Parmar 2017 -1.74869998 087601714 02% 0.17[0.03,0.97) Han 2021 013714984 005965808 14.4% 1.15[1.02,1.29] [
Poterucha 2019 261006979 057430913 0.5% 13.60(4.41,41.92) R Jiang 2022 0.09166719 0.03465511 19.0% 1.10(1.02,1.17] r
Sun 2022 017227122 005015582 185%  1.19(1.08,131] - Kim 2015 014323417 0.06087952 142%  1.15(1.02,1.30] "
Tadros 2020 0.03922071 0.22263591 3.0% 1.04[0.67,1.61) -T- Kulyabin 2020 058221562 015164485 4.8% 1.79[1.33,2.41] -
Zhang 2018 0.07696104 003751363 21.2% 1.08(1.00,1.16) Kwon 2022 0.06765865 0.01430854 22.0% 1.07[1.04,1.10]
Total (95% CI) 100.0%  1.16[1.08,1.26] " Total (95% CI) 100.0%  1.16[1.08, 1.25] "
Heterogeneity: Tau = 0.01; ChF = 126.62, df= 11 (P < 0.00001); F'= 91% b h m o0 Heterogeneity: Tau= 0.01; Chi* = §1.13, df= 9 (P < 0.00001); = 82% b o " 00
Testfor overall effect: Z= 3.75 (P = 0.0002) Favours [xperimental] Favours [control] Testfor overall effect: Z= 4.07 (P < 0.0001) Favours [experimental] Favours [control]
Vasoactive-inotropic score and mechanical ventilation duration (A) Vasoactive-inotropic score and mortality (B)
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0dds Ratio Odds Ratio N
Study or Subgrou; log[Odds Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% CI Study or Subgrou log[Odds Ratio] SE_Weight IV, Random, 95% CI 1V, Random, 95% CI
‘Algaze 2017 064185389 031218761 22% 1.90[1.03, 3.50) Baysal 2021 3.0450937 14.22576531 0.0% 21.01(0.00,2.701E13)
g Gaies 2010 209186406 4.03061224  0.0% 8.10(0.00, 21844.82)
Beken 2021 0.01980263 0.01000528 20.4% 1.02(1.00,1.04) Gaies 2014 187180218 043367347  0.4% 6.50(2.78,15.21) ——
Hou 2021 017395331 0.04803816 17.1% 1.19(1.08,1.31] [* Garcia 2016 030010459 013265306  3.8% 1.35(1.04,1.75) —
Kulyabin 2019 0.47000363 0.08852006 122%  1.60(1.35,1.90] -~ Han 2018 00205508 00127551 34.6% 1031100, 108)
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Total (95% CI) 100.0% 1.21[1.10,1.34] d Total (95% CI) 100.0% 1.06[1.01,1.12]
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- Favours [experimental] Favours [control) - - Favours [experimental] Favours [control)
Vasoactive-inotropic score and AKI (C) Vasoactive-inotropic score and poor outcomes (D)
Odds Ratio Odds Ratio Odds Ratio Odds Ratio
Study or Subgroup __log[Odds Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% CI Study or Subgroup _log[Odds Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% CI
Davidson 2012 242480273 0.96157514 41.3% 11.30(1.72, 74.40] Lex2016 001587335 0.00652856 57.9%  1.02(1.00,1.03] L]
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Odds Ratio 0dds Ratio
Study or Subgroup __log[Odds Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% CI
Bangalore 2017 145861502 0.60811493 15.4%  4.30(1.31,14.16) —
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Vasoactive-inotropic score and cardiothoracic ICU stay (G)

Fig. 3 Meta-analysis on association between the VIS and patient outcomes

et al. [53] revealed that the VIS was not identified as a
significant predictor of hospital length of stay in infants
who underwent stage 1 surgical palliation consisting of a
modified Norwood procedure with right ventricle to pul-
monary artery conduit. Asfari et al. [54] identified that a
higher VIS at 36 h was not independently associated with
mortality and hospital length of stay. Although no signifi-
cantly associated was shown in those studies, the results
may have been affected by domestic insurance regula-
tions and other issues during the treatment course.

The optimal cutoff value of the VIS as a predictor of
adverse outcomes varied from 10 to 30, and none of the
studies reported the same VIS cutoff value. This discrep-
ancy in cutoff value is likely due to the differences in the
definition of poor outcomes, baseline characteristics, and
surgical procedures between studies. Liu et al. [64] found
that the VIS > 6 was a risk factor for noninvasive ventila-
tion (NIV) failure in patients with post-extubation ARF
after cardiac surgery. In a study by Zhang et al. [56], it
was reported that the max VIS over the first 24 h was a
good predictor of poor clinical outcome. VIS > 8.5 (OR

1.294, 95% CI 1.210—1.384) was identified as risk factor
for shunt failure. Baysal et al. [61] attributed prognostic
implications to a postoperative VIS > 5.5 as an independ-
ent predictor of morbidity and mortality after coronary
artery bypass grafting in their prospective evaluation.
At the same time, with the understanding that VIS only
allows for the hemodynamic support quantification at a
single time-point, the conceptualization of a VIS index by
Crow et al. [30], a VIS index > 3 has been outlined to be
associated with an increased risk of poor composite out-
comes after cardiac surgery.

The VIS seems to have some prognostic value in pre-
dicting the potential need for ECMO in the early post-
operative period. Xie et al. [72] focused on the VIS at
the initiation of ECMO and at the weaning of ECMO to
assess recovery of heart function and found that early
initiation of ECMO could potentially lead to improved
outcomes in these critically ill patients, before ino-
tropic and vasopressor therapy escalation. Kuraim et al.
[32], after infant cardiac surgery among 20/565 (3.5%)
patients who were placed on veno-arterial ECMO in
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Odds Ratio Odds Ratio 0dds Ratio Odds Ratio
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Fig. 4 Meta-analysis on association between the VIS and patient outcomes after sensitivity analysis

this early post-operative period after ICU admission,
concluded that the highest VIS postoperative day 1 was
associated with early ECMO. Friedland-Little et al. [29]
identified a peak VIS of 27 within 48 h of surgery as most
prognostic of the need for ECMO. The VIS is a good pre-
dictor, but further study is needed to determine whether
replacing the addition of a third or fourth vasoactive
agent with mechanical circulatory assist devices would
be more beneficial to the patient’s prognosis. Our find-
ings would serve as hypothesis-generating information
to design and conduct prospective trials for validation.
Several possible underlying mechanisms linking the
VIS to patients outcomes have been explored. The VIS is
used to quantify the amount of cardiovascular support,
and a higher VIS score may indicate more severe hemo-
dynamic disorder [1, 41]. Hemodynamic perturbations,
especially hypoperfusion, are considered to be important
determinant in the development of poor outcomes after
cardiovascular surgery [73]. High doses of vasoactive and
inotropic medications, particularly catecholamines, have
been shown to have a harmful effects on organ function
and cause immune-mediated injury [74]. Cardiovascular
surgery is highly traumatic, and the postoperative period
is prone to excessive bleeding, LCOS, and hypovolemia.
These conditions directly manifest in low blood pressure
values, leading to reduced organ blood perfusion, which
preferentially supplies vital organs such as the heart and
brain, causing ischemic perfusion injury and multiple
organ failure [58]. Vasoactive medications can increase

myocardial oxygen consumption, cardiac arrhythmia,
hypertension/hypotension, and peripheral and cardiac
ischemia, which may be fatal [75]. Furthermore, catecho-
lamine use has been associated with immunosuppression,
bacterial growth, increased bacterial virulence, biofilm
formation, insulin resistance, and hyperglycemia [76]. Cat-
echolamine-induced metabolic changes include increased
oxygen consumption, glycolysis, glycogenolysis, lipolysis,
gluconeogenesis, ketogenesis, peripheral insulin resist-
ance, and lactate release, which can lead to acidosis that
may decrease the effect of inotropic or vasopressor drugs
and often be a reason for increasing doses [77]. All of these
factors can contribute to multiple organ dysfunction, mak-
ing recovery from cardiovascular surgery more difficult.

In the era of electronic data management systems, it is
suggested to program the hourly automatic calculation
of the VIS into an electronic medical record system. This
would allow for the incorporation start and stop dates as
well as dose changes in studying the relationship between
multiple clinical parameters and prognosis status over
a defined time period in postoperative cardiovascular
patients. Meanwhile, with the increasing reliance on digi-
tal systems and electronic health records, the potential
risks associated with data breaches, unauthorized access,
and cyberattacks cannot be overlooked [78, 79].

To properly interpret our study results, it is necessary
to understand several limitations: (1) The VIS is a sum of
the total vasopressor dose at a single timepoint, without
providing information on the duration of exposure and



Sun et al. Systematic Reviews (2024) 13:20

Page 13 of 16

Test for overall effect: Z= 3.89 (P < 0.0001) 0 1F-‘-d\z(ncs Adults

Testfor subaroup differences: Chi*= 560 df=1(P=002) F=821

0Odds Ratio 0Odds Ratio 0dds Ratio Odds Ratio
Study or Subgroup __log[Odds Ratio] SE_Weight IV, Random, 95% C1 IV, Random, 95% Cl Study or Subgroup __log[Odds Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% CI
2.1.1 North America 1.3.1 Pediatrics
Davidson 2012 310458668 099427135  1.1% 22.30(3.18,156.54] _— Chen 2020 101884732 017908576  50%  2.77[1.95,3.93) -
Gaies 2010 170474809 040015712 55%  550(251,12.06] — Dilli 2018 209186406 033996322  1.7%  8.10[4.16,15.77) —
Gaies 2014 166770682 032727449  73%  530(279,10.07) —_— Gaies 2014 258021683 049197926  09% 13.20(5.03,34562 —_—
Miletic 2015 261006979 057430913  3.0% 13.60(4.41,41.92) —_— Kim 2015 014323417 002100884 169%  1.15[1.11,1.20] "
Poterucha 2019 182454929 039044489 57%  6.20(288,1333 — Kulyabin 2020 058221562 010983948 9.0%  1.79(1.44,222) -
Subtotal (95% Cl) 225%  6.56[4.47,9.62] < Subtotal (95% Cl) 334%  3.00[1.73,550] >
Heterogeneity: Tau®= 0.00; Chi*= 3.7, df= 4 (P = 0.44); F= 0% Heterogeneity: Tau®= 0.37; Chi*= 93.84, df= 4 (P < 0.00001); I*= 96%
Testfor overall effect 7= 9.62 (P < 0.00001) Testfor overall effect Z= 3.83 (P = 0.0001)
2.2 Asia 1.3.2 Adults
Alam 2018 111514159 02961621  83%  3.05[1.71,5.45] — Caballero 2015 066782937 02629693 27%  195[1.16,3.26] —
Luo 2020 00295588 0.00495359 232%  1.03[1.02,1.04] Han 2019 005826891 0.0144436 17.2%  1.06(1.03,1.09]
Parmar 2017 174869998 087601714  14%  5.75(1.03,3200] Han 2021 013714984 005965808 136%  1.15([1.02,1.29) r
Sun 2022 017227122 005015582 220%  1.19[1.08,1.31] . Jiang 2022 009166719 0.03465511 159%  1.10(1.02,1.17]
Zhang 2018 007696104 003751363 225%  1.08(1.00,1.16] Kwon 2022 0.06765865 0.01430854 17.2%  1.07[1.04,1.10]
Subtotal (95% Cl) 775%  1.14[1.02,1.29] » Subtotal (95% Cl) 66.6%  1.08[1.04,1.11]
Heterogeneity: Tau®= 0.01; Chi*= 26.72, df= 4 (P < 0.0001); = 85% Heterogeneity: Tau®= 0.00; Chi*= 7.47, df = 4 (P = 0.11); F= 46%
Testfor overall effect Z=2.21 (P = 0.03) Testfor overall effect Z= 4.46 (P < 0.00001)
Total (95% CI) 100.0%  1.84[1.49,2.27] * Total (95% CI) 100.0%  1.30[1.18,1.42] ‘
Heterogeneity: Tau®= 0.05; Chi*=119.89, df= 9 (P < 0.00001); = 92% b0 ] i 00 Tau?= 0.01; Chi*= 126,39, df= 9 (P < 0.00001); = 93% bor o 100
Test for overall effect Z= 5.71 (P < 0.00001) North America  Asia Test for overall effect Z= 5.49 (P < 0.00001) Pediatrics  Adults
Testfor subaroup Chi=7278 df=1(P <000001) =98 A% Testfor subaroup differences’ Ch=1273 df=1(P=00004) F=821%
Vasoactive-inotropic score and mechanical ventilation duration (A) Vasoactive-inotropic score and mortality (B)
Odds Ratio Odds Ratio 0Odds Ratio Odds Ratio
Study or Subaroup _log[Odds Ratio] SE_Weight IV, Random, 95% CI 1V, Random, 95% CI Study or Subaroup _log[Odds Ratio] SE_Weight IV, Fixed, 95% I IV, Fixed, 95% CI
3.1.1 Pediatrics 3.1.1 Pediatrics
Algaze 2017 064185388 031218761 36%  1.90(1.03,3.50] —— Gaies 2010 209186406 403061224  0.0%  8.10(0.00,21844.82)
Kulyabin 2019 047000363 0.08852006 16.3%  1.60(1.35,1.90] - Garcia 2016 030010459 013265306  0.2% 1.35[1.04,1.75) "
Kulyabin 2020 162136648 068224792  09%  5.06[1.33,19.27) Sun 2022 010255659 003290816  3.8% 1.11[1.04,1.18)
SooHoo 2018 0.22314355 005282809 20.2% 1.25[1.13,1.39) - Subtotal (95% CI) 41% 1.12[1.05,1.19]
Yokota 2022 0.26236426 0.09558506 155% 1.30[1.08,1.57) = Heterogeneity. Chi*=2.33, df=2 (P = 0.31); F= 14%
Subtotal (95% Cl) 565%  1.43[1.20, 1.70] ¢ Testfor overall effect 7= 357 (P = 0.0004)
Heterogeneity: Tau®= 0.02; Chi*=10.89, df= 4 (P = 0.03); = 63% 342 Adutts
Testfor overall eflect. 2= 4.00 (P < 0.0001) Baysal 2021 30450937 1422576531  0.0% 21.01(0.00,2701E13]
342 Adults Han 2019 00295588 0.0127551 25.4% 1.03(1.00,1.06]
. Kwon 2022 001980263  0.00765306 70.6% 1.02(1.00,1.04] [ ]
Hou 2021 017395331 004803816 207%  1.19[1.08,1.31) r Poterucha 2019 265324196 535714286  0.0% 14.20(0.00, 515580.65]
gl.”‘f':fafgﬂ o 007139 002279636 227% :1”27[[: gg:;}ll b Yamazaki 2018 158300394 444642857 00% 487 (0.00,2967125]
! o e Subtotal (95% Cl) 95.9% 1.02[1.01,1.04]
Heterogeneity: Tau®= 0.00; Chi*= 3.72, df =1 (P = 0.05); F= 73% Heterogeneily: Chi*= 0.84, df= 4 (P = 0.93); F= 0%
Testfor overall eflect Z= 225 (°= 0.02) Test for overall effect Z= 3.41 (P = 0.0006)
Total (95% CI) 100.0%  1.29[1.13,1.46] + Total (95% CI) 100.0% 103[1.01, 1.04]
Heterogeneity: Tau®= 0.02; Chi*= 34.68, df= 6 (P < 0.00001); = 83% T 5 700 Heterogeneity: Chi*=11.08, df= 7 (P = 0.13), F= 37% o o0

Testfor overall effect: Z= 4.06 (P < 0.0001) 0 1Pl.d|a(”(5 Adults

Testfor subaroup differences’ Chi*=7.92 df=1(P=0008) =87 4

Vasoactive-inotropic score and AKI (C)

Vasoactive-inotropic score and poor outcomes (D)

Fig. 5 Meta-analysis on association between the VIS and patient outcomes after subgroup analysis

incorporating dose magnitude into the equation. Incor-
porating duration and magnitude of vasopressor require-
ments during the postcardiac surgical period could
improve the VIS sensitivity for predicting outcomes. (2)
In this review and meta-analysis, almost all of the stud-
ies included were retrospective, which has certain limita-
tions. In the case control studies, the lack of strategies to
address incomplete follow up utilized accounted for main
part. In cohort studies, the lack of the exposure period of
interest long enough to be meaningful accounted for the
main part. In cross-sectional studies, the lack of strate-
gies to deal with confounding factors stated accounted
for main part. (3) We only provided a first step in vali-
dating the strength of the association between the VIS
and patients outcomes and did not consider timepoints.
Despite of the timepoint of the VIS being recorded at 24
h, 48 h, and 72 h after surgery, we referred to them col-
lectively as the early postoperative period. This could be a
limitation, as the timing of measurements can sometimes
affect the outcome. (4) We did not consider the concur-
rent validity assessed the performance of the VIS in com-
parison to other scales (such as SAPS III, OHCA score,
RACA score, EuroSCORE, MR-proADM, APACHE II,
SNAPPE-II, Aristotle basic complexity score (ABC), IS,
APACHE III score, SOFA score) which also could be
used for predicting outcomes in cardiovascular patients.

(5) In surgical center, patients were typically started on
vasoactive-inotropic agents by the attending anesthesi-
ologist and the cardiac surgeon without uniform proto-
col. Progress may be affected by the clinical experience
of the anesthesiologist and PICU physician. (6) Apart
from two multi-center studies [45, 60], all other included
studies were single center, and we only included studies
published in English, thus affecting the methodologi-
cal quality of this review and potential publication bias.
The applicability of this meta-analysis to the broader
patient population may be limited given that most stud-
ies involved were conducted in specific countries. At the
same time, incomplete retrieval of identified research
affected the reporting bias.

Conclusions

A higher VIS in the early postoperative period could
predict outcomes, the VIS, which is easily calculated
from routine work, could assist in predicting outcomes
in high-risk cardiovascular surgery and may aid in risk
stratification and targeted interventions. However, fur-
ther prospective studies are required to assess its prog-
nostic value, to validate its association with major adverse
events, and to specify optimal doses and combinations of
vasoactive inotropic medications.



Sun et al. Systematic Reviews (2024) 13:20

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/513643-023-02403-1.

Additional file 1: Table S1. Summary of quality assessment for cross-
sectional studies (n=20). Table S2. Summary of quality assessment for
cohort studies (n=31). Table S3. Summary of quality assessment for case
control studies (n=5).

Acknowledgements
All authors are very grateful to reviewers and editors for their help and
suggestion.

Authors’ contributions

All authors contributed extensively to the work presented in this paper. YTY
proposed this study. YTS and WW were responsible for searching data; sum-
marizing the results on tables; preparing Figs. T and 2 and Tables S1, 52, and
S3; and preparing the first draft of the manuscript. YTY edited the manuscript
and tables, prepared Figs. 1, 2, 3 and 4, and read and approved the final manu-
script. All authors read and approved the final manuscript. The manuscript is
an original study and has not been published or submitted for publication.

Funding
None.

Availability of data and materials
The data that support the findings of this study are available on request from
the corresponding author.

Declarations

Ethics approval and consent to participate

As the study was a systematic review and meta-analysis of anonymized previ-
ously collected data, the need for informed consent by the Ethical Committee
of Fuwai Hospital was not necessary. The systematic review and meta-
analysis was conducted in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA) guideline and registered at
PROSPERO (registration number CRD42022359100).

Consent for publication
All authors read and approved the final manuscript and agreed for
publication.

Competing interests
The authors declare that there is no conflict of interest relevant to this article.

Received: 10 April 2023 Accepted: 30 November 2023
Published online: 06 January 2024

References

1. Gaies MG, Gurney JG, Yen AH, Napoli ML, Gajarski RJ, Ohye RG, et al. Vaso-
active-inotropic score as a predictor of morbidity and mortality in infants
after cardiopulmonary bypass. Pediatr Crit Care Med. 2010;11(2):234-8.

2. Pérez-Navero JL, Merino-Cejas C, de la IbarraRosa |, Jaraba-Caballero
S, Frias-Perez M, Gomez-Guzman E, et al. Evaluation of the vasoactive-
inotropic score, mid-regional pro-adrenomedullin and cardiac troponin |
as predictors of low cardiac output syndrome in children after congenital
heart disease surgery. Med Intensiva (Engl Ed). 2019;43(6):329-36.

3. Dilli B, Akduman H, Orun UA, Tasar M, Tasoglu |, Aydogan S, et al.
Predictive value of vasoactive-inotropic score for mortality in newborns
undergoing cardiac surgery. Indian Pediatr. 2019;56(9):735-40.

4. Levy B, Buzon J, Kimmoun A. Inotropes and vasopressors use in
cardiogenic shock: when, which and how much. Curr Opin Crit Care.
2019;25(4):384-90.

20.

21.

22.

23.

Page 14 of 16

Asfar P, Meziani F, Hamel JF, Grelon F, Megarbane B, Anguel N, et al. High
versus low blood-pressure target in patients with septic shock. N Engl J
Med. 2014;370(17):1583-93.

Léopold V, Gayat E, Pirracchio R, Spinar J, Parenica J, Tarvasmaki T,

et al. Epinephrine and short-term survival in cardiogenic shock: an
individual data meta-analysis of 2583 patients. Intensive Care Med.
2018;44(6):847-56.

Tarvasmaki T, Lassus J, Varpula M, Sionis A, Sund R, Kgber L, et al. Current
real-life use of vasopressors and inotropes in cardiogenic shock - adrena-
line use is associated with excess organ injury and mortality. Crit Care.
2016;20(1):208.

Davidson J, Tong S, Hancock H, Hauck A, da Cruz E, Kaufman J. Prospec-
tive validation of the vasoactive-inotropic score and correlation to short-
term outcomes in neonates and infants after cardiothoracic surgery.
Intensive Care Med. 2012;38(7):1184-90.

Garcia RU, Walters HL 3rd, Delius RE, Aggarwal S. Vasoactive Inotropic
Score (VIS) as Biomarker of Short-Term Outcomes in Adolescents after
Cardiothoracic Surgery. Pediatr Cardiol. 2016;37(2):271-7.

Koponen T, Karttunen J, Musialowicz T, Pietildinen L, Uusaro A, Lahtinen P.
Vasoactive-inotropic score and the prediction of morbidity and mortality
after cardiac surgery. Br J Anaesth. 2019;122(4):428-36.

. Yamazaki', Oba K, Matsui Y, Morimoto Y. Vasoactive-inotropic score as a

predictor of morbidity and mortality in adults after cardiac surgery with
cardiopulmonary bypass. J Anesth. 2018;32(2):167-73.

. Aziz KB, Lavilla OC, 0000-0001-8829-4979 AO, Wynn JL, 0000-0001-

7052-4836 AO, Lure AC, et al. Maximum vasoactive-inotropic score and
mortality in extremely premature, extremely low birth weight infants. J
Perinatol. 2021;41(9):2337-44.

Brunetti MA, Gaynor JW, Retzloff LB, Lehrich JL, Banerjee M, Amula

V, et al. Characteristics, risk factors, and outcomes of extracorporeal
membrane oxygenation use in pediatric cardiac ICUs: a report from the
Pediatric Cardiac Critical Care Consortium Registry. Pediatr Crit Care Med.
2018;19(6):544-52.

Lee H-H, Hong S-J, Ahn C-M, Yang JH, Gwon H-C, Kim J-S, et al. Clinical
implications of thrombocytopenia at cardiogenic shock presentation:
data from a multicenter registry. Yonsei Medical JournalYonsei Med J.
2020,61(10):851.

Belletti A, Lerose CC, Zangrillo A, Landoni G. Vasoactive-inotropic

score: evolution, clinical utility, and pitfalls. J Cardiothorac Vasc Anesth.
2021,35(10):3067-77.

Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD,
et al. The PRISMA 2020 statement: an updated guideline for reporting
systematic reviews. BMJ. 2020;,2021:372n71.

Yao Y. The association of vasoactive and inotropic score and patient
outcomes: a systemic review and meta-analysis. http://www.crd.york.ac.
uk/PROSPERO/display_record.asp?ID=CRD42022359100.

Munn Z, Moola S, Lisy K, Riitano D, Tufanaru C. Methodological guidance
for systematic reviews of observational epidemiological studies reporting
prevalence and cumulative incidence data. Int J Evid Based Healthc.
2015;13(3):147-53.

Mansour S, Bonner A, Muangchan C, Hudson M, Baron M, Pope JE.

Low socioeconomic status (measured by education) and outcomes in
systemic sclerosis: data from the Canadian Scleroderma Research Group.
JRheumatol. 2013;40(4):447-54.

Nikpour M, Hissaria P, Byron J, Sahhar J, Micallef M, Paspaliaris W, et al.
Prevalence, correlates and clinical usefulness of antibodies to RNA poly-
merase |l in systemic sclerosis: a cross-sectional analysis of data from an
Australian cohort. Arthritis Res Ther. 2011;13(6):R211.

Schroeder L, Reutter H, Gembruch U, Berg C, Mueller A, Kipfmuel-

ler F. Clinical and echocardiographic risk factors for extubation failure

in infants with congenital diaphragmatic hernia. Paediatr Anaesth.
2018;28(10):864-72.

Kulyabin YY, Bogachev-Prokophiev AV, Soynov IA, Omelchenko AY,
Zubritskiy AV, Gorbatykh YN. Clinical assessment of perfusion techniques
during surgical repair of coarctation of aorta with aortic arch hypoplasia
in neonates: a pilot prospective randomized study. Semin Thorac Cardio-
vasc Surg. 2020;32(4):860-71.

Butts RJ, Scheurer MA, Atz AM, Zyblewski SC, Hulsey TC, Bradley SM, et al.
Comparison of maximum vasoactive inotropic score and low cardiac out-
put syndrome as markers of early postoperative outcomes after neonatal
cardiac surgery. Pediatr Cardiol. 2012;33(4):633-8.


https://doi.org/10.1186/s13643-023-02403-1
https://doi.org/10.1186/s13643-023-02403-1
http://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42022359100
http://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42022359100

Sun et al. Systematic Reviews

24.

25.

26.

27.

28.

29.

30.

31.

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

(2024) 13:20

Scherer B, Moser EA, Brown JW, Rodefeld MD, Turrentine MW, Mastropie-
tro CW. Vasoactive-ventilation-renal score reliably predicts hospital length
of stay after surgery for congenital heart disease. J Thorac Cardiovasc
Surg. 2016;152(5):1423-9.e1.

Tadros HJ, Lopez-Colon D, Bleiweis MS, Fricker FJ, Pietra BA, Gupta D.
Postoperative vasoactive inotropic score is predictive of outcomes in
pediatric heart transplantation. Clin Transplant. 2020,34(8):e13986.

Kim JW, Gwak M, Shin WJ, Kim HJ, Yu JJ, Park PH. Preoperative factors as

a predictor for early postoperative outcomes after repair of congenital
transposition of the great arteries. Pediatr Cardiol. 2015;36(3):537-42.
Parmar D, Lakhia K, Garg P, Patel K, Shah R, Surti J, et al. Risk Factors for
Delayed Extubation after Ventricular Septal Defect Closure: a Prospective
Observational Study. Braz J Cardiovasc Surg. 2017;32(4):276-82.
Bangalore H, Gaies M, Ocampo EC, Heinle JS, Guffey D, Minard CG, et al.
The total inotrope exposure score: an extension of the vasoactive ino-
trope score as a predictor of adverse outcomes after paediatric cardiac
surgery. Cardiol Young. 2017;27(6):1146-52.

Friedland-Little JM, Hirsch-Romano JC, Yu S, Donohue JE, Canada CE,
Soraya P, et al. Risk factors for requiring extracorporeal membrane oxy-
genation support after a Norwood operation. J Thorac Cardiovasc Surg.
2014;148(1):266-72.

Crow SS, Robinson JA, Burkhart HM, Dearani JA, Golden AW. Duration and
magnitude of vasopressor support predicts poor outcome after infant
cardiac operations. Ann Thorac Surg. 2014;98(2):655-61.

Raatz A, Schéber M, Zant R, Cesnjevar R, Riffer A, Purbojo A, et al. Risk fac-
tors for chylothorax and persistent serous effusions after congenital heart
surgery. Eur J Cardiothorac Surg. 2019;56(6):1162-9.

Kuraim GA, Garros D, Ryerson L, Moradi F, Dinu IA, Garcia Guerra G,

et al. Predictors and outcomes of early post-operative veno-arterial
extracorporeal membrane oxygenation following infant cardiac surgery. J
Intensive Care. 2018;6:56.

Beken S, Akbulut BB, Albayrak E, Guiner B, Unlti Y, Temur B, et al. Evaluation
of neonatal acute kidney injury after critical congenital heart disease
surgery. Pediatr Nephrol. 2021;36(7):1923-9.

Luo Q, Su Z, JiaV, Liu Y, Wang H, Zhang L, et al. Risk factors for prolonged
mechanical ventilation after total cavopulmonary connection surgery:

8 years of experience at Fuwai Hospital. J Cardiothorac Vasc Anesth.
2020;34(4):940-8.

Zhang C, Luo Q, Li Y, Wu X, Hao Z, Li S, et al. Predictors of short-term
outcomes following repair of anomalous origin of the left coronary artery
from the pulmonary artery in Chinese children: a case-control study. J
Cardiothorac Vasc Anesth. 2018:32(6):2644-51.

Chen F, Wang L, Shao J, Wang H, Hou X, Jia M. Survival following
venoarterial extracorporeal membrane oxygenation in postcardiotomy
cardiogenic shock adults. Perfusion. 2020,35(8):747-55.

Miletic KG, Spiering TJ, Delius RE, Walters HL 3rd, Mastropietro CW.

Use of a novel vasoactive-ventilation-renal score to predict outcomes
after paediatric cardiac surgery. Interact Cardiovasc Thorac Surg.
2015;20(3):289-95.

Murin P, Boettcher W, Ozaki S, Wloch A, Cho MY, Redlin M, et al. Asan-
guineous cardiopulmonary bypass in infants: impact on postoperative
mortality and morbidity. Thorac Cardiovasc Surg. 2020;68(1):59-67.

Odek C, Kendirli T, Ucar T, Yaman A, Tutar E, Eyileten Z, et al. Predictors of
early extubation after pediatric cardiac surgery: a single-center prospec-
tive observational study. Pediatr Cardiol. 2016;37(7):1241-9.

Sanil'Y, Aggarwal S. Vasoactive-inotropic score after pediatric

heart transplant: a marker of adverse outcome. Pediatr Transplant.
2013;17(6):567-72.

Gaies MG, Jeffries HE, Niebler RA, Pasquali SK, Donohue JE, Yu S, et al.
Vasoactive-inotropic score is associated with outcome after infant
cardiac surgery: an analysis from the Pediatric Cardiac Critical Care
Consortium and Virtual PICU System Registries. Pediatr Crit Care Med.
2014;15(6):529-37.

Kumar M, Sharma R, Sethi SK, Bazaz S, Sharma P, Bhan A, et al. Vasoactive
Inotrope Score as a tool for clinical care in children post cardiac surgery.
Indian J Crit Care Med. 2014;18(10):653-8.

Kulyabin YY, Gorbatykh YN, Soynov IA, Zubritskiy AV, Voitov AV, Bogachev-
Prokophiev AV. Selective antegrade cerebral perfusion with or without
additional lower body perfusion during aortic arch reconstruction in
infants. World J Pediatr Congenit Heart Surg. 2020;11(1):49-55.

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Page 150f 16

Alam S, Shalini A, Hegde RG, Mazahir R, Jain A. Predictors and outcome of
early extubation in infants postcardiac surgery: a single-center observa-
tional study. Ann Card Anaesth. 2018;21(4):402-6.

Tabbutt S, Schuette J, Zhang W, Alten J, Donohue J, Gaynor JW,

et al. A Novel model demonstrates variation in risk-adjusted mortal-

ity across pediatric cardiac ICUs after surgery. Pediatr Crit Care Med.
2019;20(2):136-42.

SooHoo MM, Patel SS, Jaggers J, Faubel S, Gist KM. Acute kidney injury
defined by fluid corrected creatinine in neonates after the Norwood
procedure. World J Pediatr Congenit Heart Surg. 2018;9(5):513-21.
Kim-Campbell N, Gretchen C, Ritov VB, Kochanek PM, Balasubramani GK,
Kenny E, et al. Bioactive oxylipins in infants and children with congenital
heart disease undergoing pediatric cardiopulmonary bypass. Pediatr Crit
Care Med. 2020;21(1):33-41.

Talwar S, Sandup T, Gupta S, Ramakrishnan S, Kothari SS, Saxena A,

et al. Factors determining early outcomes after the bidirectional
superior cavopulmonary anastomosis. Indian J Thorac Cardiovasc Surg.
2018,34(4):457-67.

Odek ¢, Kendirli T, ildinm-Yildiz N, Yaman A, Ucar T, Eyileten Z, et al. Perio-
perative factors associated with hyperglycemia after pediatric cardiac
surgery and impact of hyperglycemia on morbidity and mortality. Turk J
Pediatr. 2018;60(5):497-505.

Sun', Yao Y. Vasoactive-inotropic score/inotropic score and short-term
outcomes in pediatrics undergoing cardiac surgery: a retrospective
analysis from single center. J Card Surg. 2022;37(11):3654-61.

Lex DJ, Toth R, Czobor NR, Alexander SI, Breuer T, Sapi E, et al. Fluid
overload is associated with higher mortality and morbidity in pedi-
atric patients undergoing cardiac surgery. Pediatr Crit Care Med.
2016;17(4):307-14.

Algaze CA, Koth AM, Faberowski LW, Hanley FL, Krawczeski CD, Axelrod
DM. Acute kidney injury in patients undergoing the extracardiac Fontan
operation with and without the use of cardiopulmonary bypass. Pediatr
Crit Care Med. 2017;18(1):34-43.

Siehr SL, Shi S, Hao S, Hu Z, Jin B, Hanley F, et al. Exploring the role of
polycythemia in patients with cyanosis after palliative congenital heart
surgery. Pediatr Crit Care Med. 2016;17(3):216-22.

Asfari A, Clark MG, Hock KM, Huskey JL, Rahman A, Dabal RJ, et al. Early
versus late sternal closure in infants-perioperative associations and
outcomes. World J Pediatr Congenit Heart Surg. 2021;12(5):589-96.
Yokota R, Kwiatkowski DM, Journel C, Adamson GT, Zucker E, Suarez G,
et al. Postoperative acute kidney injury in williams syndrome compared
with matched controls. Pediatr Crit Care Med. 2022;23(3):162-162e170.
Zhang H, Li G, Fan X, Su J. Risk factor analysis for shunt failure after
systemic pulmonary shunt. Congenital Heart DiseaseCongenit. Heart Dis.
2020;15(5):361.

Radbill AE, Smith AH, Van Driest SL, Fish FA, Bichell DP, Mettler BA, et al.
Impact of obesity on post-operative arrhythmias after congenital heart
surgery in children and young adults. Cardiol Young. 2022;32(11):1820-5.
Han H, Wen Z, Wang J, Zhang P, Gong Q, Ge S, et al. Prediction of
short-term mortality with renal replacement therapy in patients with
cardiac surgery-associated acute kidney injury. Front Cardiovasc Med.
2021,8:738947.

Kwon JH, Yoo SY, Kim S, Won H, Kim W, Her S, et al. Vasoactive inotropic
score as a predictor of long-term mortality in patients after off-pump
coronary artery bypass grafting. Sci Rep. 2022;12(1):12863.
Barge-Caballero E, Segovia-Cubero J, Gonzalez-Vilchez F, Delgado-Jimé-
nez J, Pérez-Villa F, Almenar-Bonet L, et al. Evaluation of the preoperative
vasoactive-inotropic score as a predictor of postoperative outcomes in
patients undergoing heart transplantation. Int J Cardiol. 2015;185:192-4.
Baysal PK, Guzelmerig F, Kahraman E, Gurci ME, Erkiling A, OrkiT. Is
Vasoactive-inotropic score a predictor for mortality and morbidity in
patients undergoing coronary artery bypass surgery. Braz J Cardiovasc
Surg. 2021;36(6):802-6.

Jiang Y, Chen J,YuY,Yang F, Hamza M, Zou P, et al. Risk factors for the
in-hospital mortality of CRRT-therapy patients with cardiac surgery-
associated AKl: a single-center clinical study in China. Clin Exp Nephrol.
2022;26(12):1233-9.

Knight J, Hill A, Melnyk V, Doney L, D'Cunha J, Kenkre T, et al. Intraopera-
tive hypoxia independently associated with the development of acute
kidney injury following bilateral orthotopic lung transplantation. Trans-
plantation. 2022;106(4):879-86.



Sun et al. Systematic Reviews

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.
74.

75.

76.

77.

78.

79.

(2024) 13:20

LiuY, An Z, Chen J, Liu Y, Tang Y, Han Q, et al. Risk factors for noninvasive
ventilation failure in patients with post-extubation acute respiratory
failure after cardiac surgery. J Thorac Dis. 2018;10(6):3319-28.

Carmona A, Hoang Minh T, Perrier S, Schneider C, Marguerite S, Ajob G,
et al. Minimally invasive surgery for left ventricular assist device implanta-
tion is safe and associated with a decreased risk of right ventricular
failure. J Thorac Dis. 2020;12(4):1496-506.

Poterucha JT, Vallabhajosyula S, Egbe AC, Krien JS, Aganga DO, Holst

K, et al. Vasopressor magnitude predicts poor outcome in adults with
congenital heart disease after cardiac surgery. Congenit Heart Dis.
2019;14(2):193-200.

Sunavsky J, Fujita B, Ensminger S, Borgermann J, Morshuis M, Fuchs U,

et al. Predictors of failure after high urgent listing for a heart transplant.
Interact Cardiovasc Thorac Surg. 2018;27(6):950-7.

Lim JY, Kim JB, Jung SH, Choo SJ, Chung CH, Lee JW. Risk factor analysis
for nonocclusive mesenteric ischemia following cardiac surgery: a case-
control study. Medicine (Baltimore). 2017;96(37):e8029.

Hou K, Chen Q, Zhu X, Shen X, Zou L, Mu X, et al. Correlation between
vasoactive-inotropic score and postoperative acute kidney injury after
cardiovascular surgery. Heart Surg Forum. 2021;24(2):E282-282E292.
Singh A, Magoon R, Dey S, Bansal N, Shri |, Kohli JK; et al. Malnutrition-
inflammation liaison in predicting AKI following OPCABG in diabetics:
role of a novel monocyte/high-density lipoprotein x albumin ratio. J Card
Crit Care. 2022;6(1):17.

Han J, Pinsino A, Sanchez J, Takayama H, Garan AR, Topkara VK, et al.
Prognostic value of vasoactive-inotropic score following continuous
flow left ventricular assist device implantation. J Heart Lung Transplant.
2019;38(9):930-8.

Xie H, Yang F, Hou D, Wang X, Wang L, Wang H, et al. Risk factors of in-
hospital mortality in adult postcardiotomy cardiogenic shock patients
successfully weaned from venoarterial extracorporeal membrane
oxygenation. Perfusion. 2020;35(5):417-26.

Ronco C, Bellomo R, Kellum JA. Acute kidney injury. Lancet.
2019;394(10212):1949-64.

Maack C, Eschenhagen T, Hamdani N, Heinzel FR, Lyon AR, Manstein DJ,
et al. Treatments targeting inotropy. Eur Heart J. 2019;40(44):3626-44.
Bracht H, Calzia E, Georgieff M, Singer J, Radermacher P, Russell JA.
Inotropes and vasopressors: more than haemodynamics. Br J Pharmacol.
2012;165(7):2009-11.

Singer M. Catecholamine treatment for shock-equally good or bad.
Lancet. 2007;370(9588):636-7.

Dunser MW, Hasibeder WR. Sympathetic overstimulation during criti-

cal iliness: adverse effects of adrenergic stress. J Intensive Care Med.
2009;24(5):293-316.

Abdullayev V, Chauhan AS. SQL injection attack: quick view. Mesop J
Cybersecur. 2023;30-4. https://doi.org/10.58496/MJCS/2023/006.
Aljanabi M, Ismail MA, Hasan RA, Sulaiman J. Intrusion detection: a review.
Mesop J Cybersecur. 2021;1-4. https://doi.org/10.58496/MJCS/2021/001.

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

Page 16 of 16

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.58496/MJCS/2023/006
https://doi.org/10.58496/MJCS/2021/001

	The association of vasoactive-inotropic score and surgical patients’ outcomes: a systematic review and meta-analysis
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 
	Systematic review registration 

	Background
	 Methods
	 Protocol and registration
	 Search strategy
	 Inclusion and exclusion criteria
	 Study selection
	 Data extraction
	 Study quality assessment
	 Statistical analysis

	 Results
	 Search results
	 Study characteristics
	 Primary outcomes
	 Sensitivity analysis
	 Subgroup analysis

	 Discussion
	 Conclusions
	Anchor 25
	Acknowledgements
	References


