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Abstract

This study aimed to compare the effects of restrictive and liberal red blood cell (RBC) transfusion strategies on pediatric
patients undergoing cardiac surgery, including cyanotic and non-cyanotic children. A literature search of the MEDLINE,
EMBASE, PubMed, and the Cochrane Library database was conducted. Meta-analyses were carried out comparing restrictive
and liberal transfusion strategies. Subgroup analyses were performed based on the basis of cyanotic status. Five randomized
controlled trials with a total of 497 children were included. There was no significant difference in the risk of in-hospital
mortality between the two transfusion strategies (risk ratio 1.21; 95% confidence interval 0.49 to 2.99; P =0.68). The trial
sequential analysis suggested that the current meta-analysis had an absence of evidence for in-hospital mortality, and the
data were insufficient. Moreover, no significant differences existed between groups in terms of risk of infection, blood loss,
duration of mechanical ventilation, pediatric intensive care unit (PICU) stay duration, or hospital stay duration. Cyanotic
children treated with a liberal transfusion strategy had a shorter ventilator duration, but the transfusion strategy did not affect
in-hospital mortality, infection, hospital stay, or PICU stay duration. On the basis of the available data, our analysis indicates
that a liberal transfusion strategy did not lead to a better outcomes, but the data are extremely sparse, which highlights the
need for clearer transfusion guidelines specific to this specific population.

Trial registration number CRD42018102283.
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children has increased from 14,708 in 2011 to 18,766 in
2015 [2].

Currently, the mortality rate for children undergo-
ing cardiac surgery has surged to 25.3% in pediatric
patients aged < 6 months and 34.1% in pediatric patients
aged < 1 year [3]. The risk factors for increased mortality
and morbidity after cardiac surgery in children includes
age at the time of operation, complexity of surgery, trans-
fusion, and bypass time [4, 5]. Previous studies have sug-
gested that perioperative transfusion is a modifiable fac-
tor associated with increased mortality and morbidity in
children undergoing cardiac surgery [5, 6].

Anemia occurs in 36.7% of critically ill children [7].
Evidence shows that perioperative anemia-induced tissue
hypoxia in patients undergoing cardiac surgery is asso-
ciated with a higher risk of mortality and postoperative
complications [6, 8]. Red blood cells (RBC) transfusion
are generally considered to improve oxygen delivery;
therefore, treatment of anemia is the main rationale for
RBC transfusion in pediatric cardiac surgery patients [9].
However, the optimal RBC transfusion strategy in pediat-
ric cardiac surgery patients is unknown.

Studies support the notion that RBC transfusion in
cardiac surgery is associated with an increased risk of
mortality and serious morbidity, including renal failure,
pneumonia, heart failure, increased duration of mechani-
cal ventilation, and longer intensive care unit stay [5, 10].
Recently, studies demonstrated that a restrictive transfu-
sion strategy is non-inferior to liberal strategy in adult
cardiac surgery in terms of all-cause mortality, myocar-
dial infarction, stroke, or new-onset renal failure with
dialysis on 28 days or 6 months after surgery [11, 12].
However, whether a restrictive RBC transfusion strategy
in pediatric cardiac surgery achieves similar effects in
comparison to the liberal strategy remains controversial.

A previous meta-analysis of four studies suggested that
a restrictive transfusion strategy is non-inferior to a lib-
eral transfusion strategy in pediatric cardiac surgery [13].
However, this study has a limitation. It did not analyze
potential differences in the effects of transfusion strate-
gies in cyanotic and non-cyanotic children. Cyanotic and
non-cyanotic children have significantly different toler-
ances to hypoxia, and their needs for blood transfusion are
different. Moreover, pediatrics patients with unstable car-
diac disease or cyanotic cardiac disease may benefit from
a more liberal transfusion strategy [14]. Research shows
that the proportion of cyanotic children who received
blood transfusion and underwent cardiac surgery was up
to 90%, compared to 65% of non-cyanotic children [15].
Therefore, the transfusion strategy for pediatrics patients
undergoing cardiac surgery remains controversial and
inconclusive, especially in cyanotic and non-cyanotic
children. This meta-analysis of randomized controlled
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trials (RCTs) was conducted to compare the efficacy and
safety of restrictive and liberal transfusion strategies in
pediatric cardiac surgery, including cyanotic and non-
cyanotic children.

Methods

The current meta-analysis was conducted in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [16]. All analyses were
made based on previously published studies; thus, no ethical
approval or patient consent were required. This study was reg-
istered in the international prospective register of systematic
reviews (Registration: CRD42018102283).

Search Strategy and Criteria

Two investigators independently searched for relevant RCTs
in the electronic databases (PubMed, Cochrane Library,
EMBASE, and MEDLINE) from inception to January 1st,
2019; the EMBASE and MEDLINE databases were searched
through OvidSP. We used the search terms “liberal transfu-
sion” and “restrictive transfusion”. The search was conducted
with the assistance of Ya Na Qi (Chinese Evidence-based
Medicine Center, West China Hospital, Sichuan University,
Chengdu, China), and the details of the search strategy are
provided in Additional File 1. Search results from each data-
base were combined, and duplicates were removed. In addi-
tion, we checked the reference lists of all included studies and
relevant reviews identified by our search for additional eligible
references. No language or publication date restrictions were
applied. The last retrieval was performed on February 15th,
2019.

Exclusion and inclusion criteria were defined by all authors.
RCTs were included if the following criteria were fulfilled:
pediatric cardiac surgery patients, received restrictive trans-
fusion or liberal transfusion, and clinical outcomes were
assessed. RCTs were excluded if no transfusion strategy was
adopted or no outcomes were reported. There was no restric-
tion placed on publication date, language, or status. The refer-
ences of relevant reviews and retrieved studies were examined
to identify any new eligible trials in a manual search.

Selection Process

References were managed using EndNote X8 software (Thom-
son Reuters, New York, NY, USA). Two reviewers indepen-
dently performed an initial screening of titles and abstracts
to select RCTs that met the inclusion criteria. Full texts were
screened to identify the final eligible studies. Disagreements
were reconciled through discussion with a third reviewer.
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Data Extraction

Data regarding authors, publication date, participants,
operation type, sample size, transfusion strategy, and inves-
tigated outcomes were extracted. The investigated out-
comes included in-hospital mortality, infection, blood loss,
mean units of RBCs transfused, proportion of patients who
received transfusion, duration of mechanical ventilation,
length of hospital stay (LOS), and length of pediatric inten-
sive care unit (PICU) stay.

Assessment of Risk of Bias

The risk of bias of individual studies was assessed using the
Cochrane Collaboration Handbook for Systematic Reviews
of Interventions [17]. According to the domains of selec-
tion, performance, detection, attrition, and reporting and
other biases, the risk of bias was classified as high, low, or
unclear risk.

Grading the Quality of Evidence

The quality of evidence of outcomes was judged according
to the Grading of Recommendations Assessment, Develop-
ment, and Evaluation (GRADE) criteria, which classifies the
quality of evidence into four categories, namely, very low,
low, moderate, and high [17].

Statistical Analysis

All analyses were conducted using Review Manager (Rev-
Man for Windows, version 5.3; Cochrane Collaboration,
Oxford, UK) and Stata statistical software version 13.0
(Stata Corp LP, College Station, TX, USA). The risk ratio
(RR) and mean difference (MD) or standardized mean differ-
ence (SMD) with the corresponding 95% confidence inter-
vals (CIs) were calculated for dichotomous and continuous
outcomes, respectively. Subgroup analyses were planned
a priori to examine the potential differences in outcomes
between cyanotic and non-cyanotic children. Children with
cyanotic heart disease included those who underwent the
bidirectional Glenn procedure, Fontan procedures, or whose
heart was not septate or there continued to be an intracardiac
mixing. The /? test and y* test were used to estimate the het-
erogeneity. I>>50% indicated significant heterogeneity. A
random-effects model or fixed-effect model was used based
on the results of the heterogeneity test. When /> was > 50%,
a random-effects model was used; otherwise, a fixed-effect
model was used [18]. With significantly heterogeneous
results, sensitivity or subgroup analysis was performed. We
performed Begg’s and Egger’s regression tests by using the
meta-bias command in Stata, and constructed funnel plots

to detect publication bias. P <(0.05 was considered statisti-
cally significant.

For the primary outcome, a trial sequential analysis
(TSA) was conducted using TSA software version 0.9
beta software (Copenhagen Trial Unit, Centre for Clini-
cal Intervention Research, Copenhagen, Denmark) to pre-
vent the risk of low sample sizes and repeated updates of
included the studies included in the meta-analyses which
could otherwise contribute to an increased risk of ran-
dom errors [19]. The required information size (RIS) was
adjusted for the present meta-analysis and trial sequen-
tial monitoring boundaries were calculated to determine
whether the evidence in our meta-analysis was reliable
[20]. The effect measure was set to “Relative Risk” and
the model “Fixed-effect” as in TSA software. A two-sided
TSA was performed to maintain a risk of 5% for type I
error and a power of 80%.

Main Results
Study Selection

Five studies involving a total of 497 children were included
(251 children in the restrictive transfusion group and 246
children in the liberal transfusion group). A PRISMA flow
diagram depicting the selection process of eligible studies
is shown in Fig. 1. No new eligible RCTs were identified
observed by reviewing the references of these studies.

Study Characteristics

Five studies that compared a restrictive strategy with a
liberal strategy in pediatric cardiac surgery patients were
included [8, 21-24]. Table 1 describes the study character-
istics. The sample size ranged from 43 to 162 neonates and
children. The triggers for restrictive and liberal strategies
were hemoglobin levels in the range of 7-9 g/dL and 9-13 g/
dL, respectively. Only one pediatric RCT compared periop-
erative hemoglobin thresholds [24], while two RCTs focused
on stable, critically ill children [21, 24].

Risk of Bias and Quality of Evidence

The risk of bias of each study and summary assessment of
the risk of bias are shown in Fig. 2. Additional File 2 pro-
vides the rationale for the assessment of the risk of bias.
Three trials had three or fewer “unclear” or “high risk” items
according to the Cochrane criteria and were considered of
acceptable quality [8, 21, 23], but two trials were considered
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Fig.1 PRISMA flow diagram of literature search and the exclusion criteria

low quality [22, 24]. All RCTs were not blinded for outcome
assessment. Only one pediatric RCT used random sequence
generation [19], two were judged to have a low risk of
reporting bias [21, 22], and four were regarded as having a
low risk of attrition bias [8, 21, 23, 24]. The GRADE quality
of evidence is presented in Additional File 3.

Meta-analysis
In-hospital mortality was provided by 5 RCTs that included
a total of 497 children [8, 21-24]; however, 1 RCT had zero

events in both restrictive and liberal strategy groups and was,
therefore, excluded from the meta-analysis [23]. The funnel
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plot suggested that there was no publication bias, which
was also statistically supported by the results of Egger’s test
(P=0.96) and Begg’s test (P=0.60). A total of 390 children
(198 children who received restrictive RBC transfusion and
192 those who received liberal RBCs transfusion) were ana-
lyzed altogether; there was no difference in in-hospital mor-
tality was observed between the 2 groups (RR 1.21; 95% CI
0.49 t02.99; P=0.68; 12=0%), with 9 (4.55%) deaths in the
restrictive group and 7 (3.65%) deaths in the liberal group
(Fig. 3; Table 2). A high quality of evidence was observed
as assessed using the GRADE method.

Figure 4 presents the TSA for the fixed-effect meta-anal-
yses of in-hospital mortality. TSA revealed that the required
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Fig.2 Risk of bias

information size was 6671 patients. The cumulative z-curve
did not cross the conventional boundary for benefit or the
trial sequential monitoring boundary for benefit. The TSA
evaluations suggested that this meta-analysis had an absence
of evidence for this outcome, and the data were insufficient.

Data for the effect of restrictive versus liberal transfusion
strategies on infection risk were reported in three RCTs [21,
23, 24]. The pooled RR indicated no significant difference
between groups in the incidence of infection (RR 1.18; 95%
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CI0.74 to 1.92; >=0%; P=0.48) (Table 2). Quality of evi-
dence was moderate as assessed using GRADE.

Two, two, and three RCTs provided the data on blood loss
[8, 24], mean units of RBCs transfused [8, 24], and propor-
tion of patients who received transfusion [8, 21, 24], respec-
tively. The summary results indicated that children treated
with a restrictive RBC transfusion strategy were associated
with fewer mean units of RBCs transfused (MD —0.97; 95%
CI-1.31t0o—0.64; P<0.001) and a smaller proportion of
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patients who received transfusion (MD 0.35; 95% CI 0.17
to 0.73; P=0.005), whereas there was no significant differ-
ence between restrictive and liberal transfusion strategies
observed in terms of blood loss (MD 8.11; 95% CI—28.97 to
45.19; P=0.67) (Table 2). There was significant heterogene-
ity in the mean units transfused and proportion of patients
who received transfusion, but there was no heterogeneity in
the blood loss.

The duration of mechanical ventilation was estimated by
analyzing four RCTs [8, 21-23]. No significant difference
was observed between groups (SMD 2.24; 95% CI—-0.11
to 4.6; P=0.06), with statistically significant heterogene-
ity (?=99%, P<0.001) (Table 2). Due to the significantly
heterogeneous results, we performed a sensitivity analysis,
and applied the leave-out method by excluding some studies
to reduce the inter-study heterogeneity. After excluding the
study from Chkhaidz et al. [23], heterogeneity was not found
and the conclusions remained unchanged (SMD —0.015;
95% CI—0.25to 0.22; ’=0%; P= 0.90), suggesting that the
stability of this outcome was robust. The quality of evidence
was high as assessed by GRADE.

Four RCTs reported LOS as an outcome [8, 22-24], dem-
onstrating that there was no significant difference in LOS
between the groups (MD —0.52; 95% CI—1.67 to 0.62;
P=0.37, ’=0%) (Table 2). The GRADE quality of evi-
dence was high. Moreover, the pooled result for PICU stay
were available in four studies [8, 21-23]. No significant dif-
ference was observed between restrictive and liberal transfu-
sion strategies for PICU (MD —0.01; 95% CI—0.67 to 0.64;
P=0.96; I’=0%) (Table 2). The quality of evidence was
high as assessed by GRADE.

Subgroup Analysis

Cyanotic and non-cyanotic children have different levels
of tolerance to hypo-hemoglobinemia, and their clinical
outcomes are different. Considering the effect of cyanotic
and non-cyanotic status on the outcome, we performed a
subgroup analysis based on cyanotic status. After the sub-
group analysis, no difference in the in-hospital mortality
was observed between cyanotic children (RR 0.94; 95%
C10.31t02.84; P=0.92; I*= 0%) and non-cyanotic chil-
dren (RR 2.17; 95% CI 0.34 to 13.99; P=0.42; ’=0%)
(Additional File 4). Furthermore, a restrictive or liberal
transfusion strategy did not affect the incidence of infec-
tion, LOS, or PICU stay in the children with or without
cyanosis (Additional File 4). However, the pooled SMD
indicated that cyanotic children treated with a liberal trans-
fusion strategy had a shorter ventilator duration compared
to those treated with a restrictive strategy (SMD 0.39; 95%
CI10.02t00.76; P=0.04; I>= 0%), but we did not find the
same results in non-cyanotic children (SMD 2.96; 95%
CI-0.80t06.72; P=0.12; ’=99%).

Discussion

This meta-analysis of RCTs comparing restrictive and lib-
eral RBC transfusion strategies in pediatric cardiac surgery
patients revealed that a restrictive strategy did not result in
an increased risk of in-hospital mortality, infection, blood
loss, longer ventilator duration, prolonged PICU stay, or
LOS. On the basis of the current evidence, we detected sta-
tistical differences in the proportion of patients who received
a transfusion and the mean number of units of transfused
RBCs. Cyanotic children treated with a liberal transfusion
strategy had a shorter ventilator duration; there was no dif-
ference in in-hospital mortality, infection, LOS, or PICU
stay length.

The milestone paper published by Lacroix stated that a
restrictive transfusion strategy with a hemoglobin threshold
of 7 g/dL in critically ill children decreases the demand for
transfusion without increasing the risk of adverse outcomes,
compared to a liberal transfusion strategy with a hemoglobin
threshold of 9.5 g/dL [25]. A subgroup analysis published
by Willems stated that a restrictive RBC transfusion strategy
applied in pediatric cardiac surgery patients, compared to
a liberal strategy (hemoglobin threshold of 9.5 g/dL), was
not associated with any significant difference in multiorgan
dysfunction syndrome or PICU stay duration [21]. A previ-
ous meta-analysis examined the effects of restrictive versus
liberal transfusion thresholds on clinical outcomes in very
low birth weight infants and demonstrated that restrictive
transfusion thresholds may be utilized without increasing
the risk of death or morbidity [26]. However, these studies
focused on non-cardiac surgery, the results of which can-
not not be generalized to pediatric cardiac surgery patients.
Therefore, the current meta-analysis was conducted with a
focus on pediatric cardiac surgery patients. It was revealed
that restrictive RBC transfusion strategy did not increase the
risk of in-hospital mortality, incidence of infection, blood
loss, or prolong LOS or PICU stay, and that this strategy
decreases the number of transfusions required. Moreover,
considering that blood transfusion may have different effects
in cyanotic and non-cyanotic children, we performed a sub-
group analysis; the results showed that blood transfusion
strategies did not affect postoperative outcomes in cyanotic
and non-cyanotic children, except that the cyanotic children
treated with a liberal transfusion strategy had a shorter ven-
tilator duration. On the other hand, TSA analysis, using the
defined model described in the Methods section, showed that
the number of participants did not reached the RIS, and the
cumulative z-curve did not cross the conventional bound-
ary or trial sequential monitoring boundary. Therefore, TSA
showed an absence of evidence for these outcomes, i.e., it
is impossible to draw any conclusion from these results,

@ Springer
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Risk Ratio

Risk Ratio
M-H, Fixed, 95% CI

1248
Restrictive Liberal
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI
Chkhaidze,2014 1 23 1 20 13.1%
Cholette,2011 0 30 1 30 18.4%
Cholette,2017 6 82 5 80 62.2%
de Gast-Bakker,2013 0 53 0 54
Willems,2010 2 63 0
Total (95% CI) 251 246 100.0%
Total events 9 7

Heterogeneity: Chi? = 1.53, df = 3 (P = 0.68); I> = 0%
Test for overall effect: Z = 0.41 (P = 0.68)
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Fig. 3 In-hospital mortality surgery in randomized controlled trials conducted on pediatric cardiac surgery patients

unless more high-quality and large sample sizes studies are
available.

In our meta-analysis, only two trials included cyanotic
children [8, 24], involving 116 patients undergoing pediat-
ric cardiac surgery, and no significant difference was found
between cyanotic and non-cyanotic children except for the
ventilator duration, suggesting that the benefit of achiev-
ing high hemoglobin concentrations in cyanotic children
may be overstated. Nonetheless, we believed that this is a
complex group of patients who may need specialized blood
management [15]. The limited sample size may have also
contributed to this negative finding. This possibility should
be explored further. Cyanotic children have been tradi-
tionally transfused to maintain the hematocrit level above
40% [15]. Data showed that the blood-transfused propor-
tion of cyanotic children who received cardiac surgery was
85.4-90%, compared with 65-73.7% of similarly treated
non-cyanotic children. Great variability remains among
physicians regarding the hemoglobin levels and the “ideal”
threshold for transfusion, especially in cyanotic children [15,
27]. On the basis of the current evidence, which is limited,
we cannot draw any conclusions.

The transfusion threshold in cyanotic children remains
unclear. Children with cyanotic congenital heart disease
present with hemoglobin concentrations as high as 22.0 g/
dL, which is a rare occurrence in adults [7]. Children with
cyanotic heart disease deserve special consideration in rela-
tion to tolerable levels of anemia. Mink and Pollack [28]
wrote that critically ill children with uncorrected cyanotic
congenital cardiopathy should undergo transfusion if their
hemoglobin concentration falls below 10.0 or 11.0 g/dL.
Most textbooks on pediatric cardiology and pediatric cardiac
surgery recommend that a higher hemoglobin concentration
should be maintained in children with uncorrected cyanotic
congenital cardiopathy. However, all thresholds are based on
expert opinion, given that there are no randomized clinical
trials and very few clinical, physiological, and observational
studies in this very distinct pediatric population. Indeed,
clinical observations from bloodless cardiac operations for
the treatment of congenital heart diseases suggested that
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lower levels of hemoglobin may be tolerated well, even in
children with cyanotic cardiopathy [7]. As stated by Bratton
and Annich in 2003, the optimal hemoglobin levels remain
understudied in cyanotic patients [29]. To conclude, there is
no consensus regarding the hemoglobin concentration that
should lead a physician to prescribe an RBC transfusion to
critically ill children.

Results found in adult cardiac surgery patients should not
be generalized to children as they have different cardiovas-
cular physiology, pathology, and tolerance to anemia [7].
Despite the limited evidence, there are many guidelines for
the transfusion practices in children [7, 30]. However, many
experts do not recommend a specific threshold hemoglobin
level, especially in the pediatric cardiac surgery patients
[30]. Hence, an appropriate transfusion strategy is neces-
sary to know the threshold for transfusion to avoid tissue
hypoxia in pediatric cardiac surgery patients. Unfortunately,
we did not know the transfusion threshold for each individ-
ual. Practice guidelines for perioperative blood transfusion
and adjuvant therapies reported by the American Society of
Anesthesiologists suggest that the threshold of transfusion
needs to be defined precisely, and they strongly agreed that
the perfusion and oxygenation of vital organs should be con-
tinuously monitored to avoid tissue hypoxia [31]. Pediatric
cardiac surgery is associated with a substantial risk of bleed-
ing and frequently requires transfusion. Efforts to optimize
pre-operative hemoglobin, reduce bleeding, improve hemo-
stasis, correct coagulopathy, and incorporate blood-sparing
techniques (including a restrictive transfusion strategy) are
key elements to blood management in the pediatric cardiac
surgery population. Thus, the decision on whether to trans-
fuse should be guided by an assessment of the individual
patients on the basis of a combination of symptoms, clini-
cal and physiological signs, cyanotic or non-cyanotic status,
and laboratory measurements, rather than by a single factor,
such as of hemoglobin level or threshold. Regretfully, we
searched the Clinical Trial Registry and found no ongoing
high-quality randomized controlled trials on the effects of
restricted and liberal blood transfusions on pediatric cardiac
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Table 2 All outcomes of meta-analyses in included randomized controlled trials

Evidence quality

95% CI

Overall effect RR/MD/SMD

Heterogeneity

P (%)

Participants Model

Study

Variables

P

[0.49, 2.99] High

1.21

1.18

8.11

0.68

0.48

0.67
<0.001

0.41
0.71
0.43
5.73

2.

0.68

0.78

0.43
<0.001
<0.001
<0.001

497
394

In-hospital mortality

Moderate
High

[0.74, 1.92]

Infection

[—28.97,45.19]
[-1.31,-0.64]

[0.17,0.73]
[-0.11, 4.60]
[-1.67,0.62]

[—0.67,0.64]

167
222
347
335
343
335

Blood loss

Moderate

-0.97
0.35
2.24

-0.52

-0.01

94
90
99

Mean units of RBCs transfused

Moderate
High
High
High

0.005
0.06
0.37
0.96

79

3

The proportion of patients received transfusion

1.86
0.90
0.04

Duration of mechanical ventilation

LOS

0.50
0.73

PICU stay

Bold numbers indicate a statistically significant with a p-value less than 0.05

OR odds ratio, MD mean differences, SMD standardized mean difference, F fixed-model effect, RBCs red blood cells, R random-model effect

surgery; therefore, future studies focusing on such patients
are warranted.

The limitations of this meta-analysis should be men-
tioned. First, the triggers for transfusion strategies var-
ied among the RCTs. Thus, the appropriate transfusion
threshold remains to be explored. Second, the age, sex,
comorbidity conditions, complications in PICU, hemo-
globin prior to surgery, hemoglobin value on admittance to
PICU, status of children in restrictive and liberal groups,
as well as cyanotic and non-cyanotic subgroups, were
not known. Furthermore, ventilation times were lower in
cyanotic children who received a liberal transfusion, but
this was not shown in non-cyanotic children, with »=99%
for the latter group but 0% for the former group. Further
analysis found that their studies conducted by different
groups in the non-cyanotic group, and only two studies
in the cyanotic group, with both the latter studies from
the same study group but different populations. These dif-
ferences indicate that different surgical centers play an
important role in the outcome of pediatric patients after
surgery rather than just blood transfusion strategies alone.
Therefore, further high-quality RCTs should be performed.
Third, we could not provide more information about post-
operative complications after RBC transfusion in pediatric
cardiac surgery. Fourth, the sample sizes of the analyzed
RCTs were too small; hence, our meta-analysis may be
subject to small study effect bias, and the results should
be interpreted with caution. Fifth, the target hemoglobin
in transfusion and the duration of blood storage could have
an effect on postoperative mortality and morbidity; how-
ever, we could not elucidate any effects using the current
data [19, 32, 33]. Finally, at what degree of anemia in
children do the benefits of RBC transfusion outweigh its
risks remains unclear due to the lack of clinical evidence
to address this question [7].

Conclusion

The current data on the RBC transfusion strategies in chil-
dren undergoing cardiac surgery did not provide sufficient
evidence to make precise recommendations on the trans-
fusion threshold, although children with cyanotic heart
disease deserve special consideration. Further, large-scale
RCTs should be conducted to verify these results and evalu-
ate the long-term treatment effects of restrictive and liberal
transfusion strategies on pediatric cardiac surgery patients,
especially in children with cyanotic heart disease.
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Fig.4 Trial sequential analysis for in-hospital mortality within 30 days of surgery for pediatric patients undergoing cardiac surgery using a

fixed-effect model
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