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Abstract N\
Background: Restrictive red blood cell transfusion strategy is implemented to minimize risk following allogeneic blood transfusion |
in adult cardiac surgery. However, it is still unclear if it can be applied to pediatric cardiac patients. The purpose of this systematic
review and meta-analysis was to determine the effect of postoperative restrictive transfusion thresholds on clinical outcomes based
on up-to-date results of randomized controlled trials (RCTs) and observational studies in pediatric cardiac surgery.

Method: We searched for RCTs and observational studies in the following databases: the Cochrane Central Register of Controlled
Trials, MEDLINE, EMBASE, and ClinicalTrials.gov from their inception to October 26, 2017. We also searched reference lists of
published guidelines, reviews, and relevant articles, as well as conference proceedings. No language restrictions were applied and no
observational study met the inclusion criteria.

Results: Four RCTs on cardiac surgery involving 454 patients were included. There were no differences in the pooled fixed effects of
intensive care unit (ICU) stay between the liberal and restrictive transfusion thresholds (standardized mean difference SMD, 0.007;
95% confidence interval Cl, —0.18-0.19; P=.94). There were also no differences in the length of hospital stay (SMD, —0.062; 95%
Cl, —0.28—0.15; P=.57), ventilation duration (SMD, —0.015; 95% Cl, —0.25-0.22; P=.90), mean arterial lactate level (SMD, 0.071;
95% Cl, —0.22-0.36; P=.63), and mortality (risk ratio, 0.49; 95% Cl, 0.13-1.94; P=.31). There was no inter-trial heterogeneity for
any pooled analysis. Publication bias was tested using Egger, Begg, or the trim-and-fill test, and the results indicated no significant
publication bias.

Conclusion: Evidence from RCTs in pediatric cardiac surgery, though limited, showed non-inferiority of restrictive thresholds over
liberal thresholds in length of ICU stay and other outcomes following red blood cell transfusion. Further high-quality RCTs are
necessary to confirm the findings.

Abbreviations: Cl| = confidence interval, ICU = intensive care unit, RACHS-1 = risk adjustment for congenital heart surgery, RBC
= red blood cell, RCTs = randomized controlled trials, RR = risk ratio, SD = standard deviation, SMD = standardized mean

difference.
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1. Introduction

Cardiac surgery is associated with frequent allogeneic blood
transfusions, at a reported rate of approximately 10% to
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90%.!"?1 The pathophysiological rationale for perioperative red
blood cell (RBC) transfusion is that anemia is an independent risk
factor for postoperative morbidity and mortality in cardiac
patients.®! However, comparison of transfused and non-
transfused patients after cardiac surgery showed that transfusions
were associated with significant morbidity and mortality,
including increased incidences of renal failure; respiratory,
cardiac, and neurologic complications; and infections.!*>! A
recent meta-analysis revealed that findings favoring restrictive
strategy were largely based on observational studies, but
randomized controlled trials (RCTs) on cardiac surgery refuted
the findings.!®! All the studies were conducted in adult
populations. The situation in the pediatric population was
unclear due to less evidence supported by high-quality studies. It
is more difficult to conduct comparative studies in pediatric
cardiac patients than in adult cardiac patients because of small
case volume and significant diagnostic and management
heterogeneity, and so far, there are only a few relevant studies
in the literature.

We systematically reviewed and critically assessed results of
RCTs and observational studies that compared postoperative
restrictive and liberal RBC transfusion strategies in pediatric
cardiac surgery to explore evidence in support of restrictive
transfusion strategy in clinical settings.
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2. Methods

We drafted a predefined review protocol and registered with the
PROSPERO international prospective register of systematic
reviews (http://www.crd.york.ac.uk/PROSPERQ; registration
number: CRD42017078087). We followed the PRISMA guide-
lines for analyses.!”! Ethical approval was waived since this was a
meta-analysis of published articles.

2.1. Study identification

Relevant databases such as Cochrane Central Register of
Controlled Trials, PubMed, EMBASE, and ClinicalTrials.gov were
searched from their inception to October 26, 2017 for articles and
trials. No search restrictions were applied to publication status,
date, or language. Reference lists of relevant reviews, original
articles, and available online conference proceedings, as well as all
included trials were extensively and thoroughly searched.

2.2. Eligibility criteria

The following 4 inclusion criteria had to be met in this systematic
review:

1. study design: RCT or observational study;

2. patient population: cardiac surgery patients aged 18 years and
below;

3. intervention: patients postoperatively managed with 2 differ-
ent RBC transfusion strategies. The patients in the restrictive
transfusion group received RBCs at lower hemoglobin
concentrations or hematocrit levels than those in the liberal
transfusion group; and

4. outcomes: intensive care unit (ICU) length of stay, hospital length
of stay, ventilation duration, and mortality, as well as biomarkers
including mean arterial lactate level. Studies were excluded if they
reported preoperative or intraoperative transfusion, no transfu-
sion threshold, or none of the a priori outcomes.

2.3. Study selection and data collection

Two reviewers independently screened query results to select
relevant studies that met the inclusion criteria. The same 2 reviewers
independently extracted relevant data and outcomes, including
study design, methodology, transfusion thresholds, patient charac-
teristics, and outcomes. Disagreements were resolved by consensus.

2.4. Risk of bias assessment

The methodological quality of individual studies was assessed
independently by the 2 reviewers using the Cochrane Collabora-
tion tool for assessing risk of bias as described in the Cochrane
Handbook for Systematic Reviews of Interventions.!®! The
following categories were assessed in each study: sequence
generation, allocation concealment, blinding, incomplete out-
come data, selective outcome reporting, and other potential
sources of bias. Performance in these categories and the overall
judgment of the risk of bias for each entry were described as
follows: “low,” “unclear” (indicating unclear or unknown risk of

bias), and “high” risk of bias.

2.5. Data synthesis

The pooled standardized mean difference (SMD) with 95%
confidence interval (CI) was used to estimate effect on continuous
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outcomes. Mean+standard deviation (SD) was considered as
following normal distribution whether it was mentioned in the
original studies or not. Data that did not follow a normal
distribution and were presented as medians+interquartile
ranges/ranges were converted to means+SDs according to
previously published methods."”! Data from all the studies were
combined to estimate the pooled risk ratio (RR) and associated
95% CI for binary outcomes. Pooled RRs and mean differences
were estimated using the fixed-effects model to estimate
variances. The heterogeneity between studies was tested using
a weighted inverse variance chi-square test and quantified using
the I test. I? is greater than 50% was considered substantial
heterogeneity. As for the chi-square test, a P value less than .10
was used to indicate the presence of statistically significant
heterogeneity. All statistical analyses were performed using Stata
version 15.0 software (Stata Corporation, College Station, TX).
We considered P values less than .05 to be statistically significant
for pooled results. Due to the limited number of included studies,
we did not examine funnel plots for evidence of publication bias
but only used Egger, Begg, or the trim-and-fill test.

3. Results

3.1. Characteristics of included and excluded studies

The literature search found 1316 studies. Of these, 1299 were
excluded from further assessment at the stage of title and abstract
screening, and 17 studies underwent full-text screening (Fig. 1).
The rest of the studies were excluded for the following reasons:
threshold omission,!'*5! unavailability of full data,™®" inclusion
of preoperative transfusion,'”~** inclusion of multi-interventions
related to transfusion,?®! and irrelevant study purpose.*’**!
Table 1 shows the patient demographics, biomarker status, and
clinical outcomes. All 4 included studies were RCTs. There were
significant variations in patient age and transfusion threshold. One
study included both cyanotic and acyanotic patients,?*! while the
others included either cyanotic or acyanotic patients others.[**2¢!

3.2. Quality assessment and risk of bias

The quality of the included studies were assessed using the
Cochrane Collaboration risk of bias tool.'® All the studies had 3
or less “unclear” or “high risk” items according to Cochrane and
were considered of acceptable quality. One study claimed to be
open-labeled and was therefore “high risk” in allocation
concealment.”¥ It did not blind participants/personnel, and it
was also unclear if a blinded outcome assessment was performed.
Two other studies by the same researchers did not mention
allocation concealment or blinding of participants/personnel/
outcome assessment./*>¢! The fourth study?”! was a secondary
subgroup study of the primary study,’*”! and it did not blind
patients or care-givers (Table 2).

3.3. Quantitative analysis

Due to the limited number of studies, we did not perform
subgroup analysis based on cyanotic status, procedure types, or
age. In the study that included cyanotic and acyanotic patients,
both patient groups were pooled as 1 single group.*’!

3.4. ICU stay

All 4 studies reported this parameter. The pooled SMD showed
no statistically significant effect on ICU stay (SMD, 0.007; 95%
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Figure 1. Flow diagram showing the study selection steps of the meta-analysis.
Table 1
Patient population, biomarker, and clinical outcomes of included studies.
Sample Sample Median/mean Cyanotic Acyanotic
First author Publication Study size, size, age {months} after after Threshold, Threshold, Biomaker Clinical
surname year type res(male) lib(male) (res, lib) opration operation res lib outcomes outcomes
Willems 2010 RCT 63(36) 62 (35 31.4,26.4 N Y 70 g/L 95 g/L Mean lactate  Ventilation duration, hospital
stay, mortality
Cholette 2011 RCT  30(17) 30 (17) 27,32.5 Y N 9.0 g/dL 13.0 g/di Peak lactate, C Ventilation duration, ICU stay,
(av) 0 2, hospital stay, mortality
Mean lactate
de Gast-Bakker 2013 RCT 53 (34) 54 (23 9573 N Y 8.0 g/di 10.8 g/di N/A Ventilation duration, ICU stay,
hospital stay
Cholette 2016 RCT 82 (40) 80 (45) 84,43 days Y Y 7.0 g/dLBY 9.5 ¢g/dL BV N/A ICU stay, hospital stay,

9.0 g/dL Pa

12 g/dL Pa mortality

BV =nbiventricular, ICU=randomized controlled, lib=liberal, N/A=not available, N=No, Pa=palliative, RCT =randomized controlled trial, res =restrictive, Y=VYes.
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Table 2
Study quality assessment using Cochrane collaboration risk of bias tool.
Blinding of Blinding of Incomplete Selective Other

Sequence Allocation participants/ outcome outcome outcome sources
Studies Year generation concealment personnel assessment data reporting of bias
Willems 2010 low low high low low low low
Cholette 2011 low unclear unclear unclear low low low
de Gast-Bakker 2013 low high high unclear low low low
Cholette 2016 low unclear unclear unclear low low low

risk (low, high, unclear).

CIL, —0.18-0.19; P=.94; test for heterogeneity P=.82; =0%)
(Fig. 2).

3.5. Length of hospital stay

Three studies reported this parameter. One study reported this
parameter to be 1 day shorter in the restrictive group than in the
liberal group,?* while the other 2 reported no difference between
the groups. Different transfusion strategies had no statistically
significant effect on the length of hospital stay (SMD, —0.062;
95% CI, —0.28-0.15; P=.57; test for heterogeneity P=.51; =
0%) (Fig. 3).

3.6. Ventilation duration

Three studies reported this parameter. Different transfusion
strategies had no statistically significant effect on ventilation

duration (SMD, —0.015; 95% CI, —0.25-0.22; P=.90; test for
heterogeneity P=.40; I*=0%) (Fig. 4).

3.7. Mean arterial lactate level

Three studies reported this parameter, but we could only obtain
original data from 2 of them. Different transfusion strategies had
no statistically significant effect on the mean arterial lactate level
(SMD, 0.071; 95% CI, —0.22-0.36; P=.63; test for heterogene-
ity P=.74; ’=0%) (Fig. 5).

3.8. Mortality

Three studies reported this parameter. Different transfusion
strategies had no statistically significant effect on mortality when
data was pooled from the 3 trials (RR, 0.49; 95% CI, 0.13-1.94;
P=.31; test for heterogeneity P=.63; I*=0%) (Fig. 6).

Study %
ID SMD (95% Cl)  Weight
Willems (2010) o -0.03 (-0.38, 0.33) 27.56
Cholette (2011) > 0.24 (-0.27,0.74) 13.14
de Gast-Bakker (2013) 0.00 (-0.38, 0.38) 23.59
Cholette (2016) — -0.05 (-0.36, 0.26) 35.71
Overall (l-squared = 0.0%, p = 0.816) <> 0.01(-0.18,0.19) 100.00
1 ] 1 1
R -5 0 5 1

favors restrictive

favors liberal

Figure 2. Effect of RBC transfusion thresholds on length of intensive care unit stay. SMD =standardized mean difference.
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Study %

ID SMD (95% CI) Weight

Cholette (2011) ' 0.09(-042,060) 1827

de Gast-Bakker (2013) —0—'—— -0.24 (-0.62, 0.14) 32.37

Cholette (2016) S — 0.00(-0.31,0.31)  49.37

Overall (I-squared = 0.0%, p = 0.507) <> -0.06 (-0.28, 0.15)  100.00
I | I ]

-1 -5 1]
favors restrictive

i 1
favors liberal

Figure 3. Effect of RBC transfusion thresholds on length of hospital stay. SMD = standardized mean difference.

We did not pool analyzed frequencies of transfusion'?>2*2%! or

volumes of transfusion'*>=>%! because of variety and incomplete-
ness of data. Nevertheless, all the studies showed a decreased
transfusion need in the restrictive group.

Other parameters including surrogate measures of
oxygen delivery, specifically the arteriovenous and
arteriocerebral oxygen content differences, were reported

in only 2 studies and were not pooled due to scarcity
of data.

Publication bias was tested using Egger, Begg, or trim-and-fill
tests. Egger test (P=.03) for ICU stay differed from Begg test
(P=.08), but the trim-and-fill test showed no statistical
difference. Only Egger test showed no statistical difference in
the other 4 parameters (P=.8).

Study %
D SMD (95% CI) Weight
Willems (2010) _ -0.19(-0.54,0.16) 42.75
Cholette (2011) : 0.03(-0.48,0.53)  20.61
de Gast-Bakker (2013) W S T— 0.16(-0.22,0.54) 36.63
Overall (l-squared = 0.0%, p = 0.404) > -0.01(-0.24,0.21)  100.00
I ] I 1 1
2 -5 0 5 1

favors restrictive

favors liberal

Figure 4. Effect of RBC transfusion thresholds on ventilator duration. SMD =standardized mean difference.
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Willems (2010)

Cholette (2011)

Overall (I-squared =0.0%, p = 0.738)

<

%
SMD (95% CI) Weight
0.11(-0.25,046) 6754
0.00(-051,051) 3246
0.07 (-0.22,0.36)  100.00

I ]
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favors restrictive

I T
5 1
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Figure 5. Effect of RBC transfusion thresholds on mean lactate. SMD = standardized mean difference.

4. Discussion

Although traditional narrative reviews have been published, this
review is the first exclusive meta-analysis on postoperative RBC
transfusion in pediatric cardiac surgery. In this systematic review
and meta-analysis of studies on thresholds in RBC transfusion
after pediatric cardiac surgery, restrictive transfusion strategy

resulted in less frequency of RBC transfusion with noninferior
biochemical and clinical outcomes than liberal transfusion
strategy.

In adults, restrictive strategy can result in significant cost
savings*®l and decreased incidence of adverse events secondary
to transfusion.”®! The rationale for restrictive transfusion

Study %

ID RR (95% CI) Weight
Willems (2010) —-—4—- 0.98(0.14,6.77) 33.34
Cholette (2011) + 0.33(0.01,7.87) 24.81
Cholette (2016) —0—— 0.20(0.01,4.00) 41.85
Overall (I-squared =0.0%, p = 0.633) C> 0.49(0.13,1.94) 100.00

T
.001 1
favors restrictive

T
1000
favors liberal

Figure 6. Effect of RBC transfusion thresholds on mortality. RR=relative risk.




Deng et al. Medicine (2019) 98:11

strategy has previously been extensively discussed.***" Anemia
often translates to increased risk of acute kidney injury and
increased incidence of early and late mortality,>**3! and the
association between mortality/morbidity and increased transfu-
sion has been confirmed by several studies.®*°! A recent meta-
analysis showed that findings favoring restrictive strategy were
largely based on observational studies, but RCTs in cardiac
surgery refute these findings.!®! Furthermore, although studies
have shown that RBC transfusions following cardiac surgery in
pediatric populations are associated with worse clinical out-
comes, the studies were mainly observational studies, which
makes their findings less credible.*”~*!! In congenital cardiac
patients, the practice of RBC transfusion greatly varies depending
on the diagnosis/morphologic characteristics, procedure, and
institution. Because of heterogeneity and small case volume,
studies on surgical blood management in pediatric cardiac
surgery are scarce compared to similar studies in adult
cardiac surgery.

Unlike in adults, age and weight varied significantly in pediatric
patients, with a tendency for increased transfusion demand in
younger patients undergoing congenital heart surgery due to their
comparatively higher susceptibility to anemic insult.**! There
were also wide intra-study and inter-study age varieties in the 4
original studies included. Furthermore, there is a wide range of
diseases and procedures in this subspecialty, and patients can be
categorized as cyanotic or acyanotic after surgery. These 2 patient
groups are considered to have different hemoglobin needs after
surgery.[*>** One study included both cyanotic and acyanotic
patients, while the other studies included only 1 of the patient
groups. The mixture of patient groups may have made the
conclusion less definitive. In considering the complexity of patient
conditions, 1 study only included acyanotic patients older in age
than neonates.**! There were no patients in the Risk Adjustment
for Congenital Heart Surgery (RACHS-1) category 4 and the
mean RACHS-1 score was lower than that in the other studies.*”!
As the differences between the 2 transfusion strategies have been
regarded as most prominent in critically ill patients, this may
explain the finding of a shorter length of hospital stay in the
restrictive transfusion group than in the liberal transfusion group
in the de Gast-Bakker study,*! while no difference was found in
the other studies. The 4 studies also used different thresholds to
inform a transfusion decision, which was due to the cyanotic
status of individual patients and inter-institutional protocol
variances. It is difficult to draw a conclusion on the optimal RBC
transfusion threshold since the data included is limited and
heterogeneous.

Critically ill patients are the most susceptible patients after
cardiac surgery. As earlier mentioned, there were no RACHS-1
category 4 patients in 1 study,”* and there were only few
patients with the most complex defects and highest risk in the
other studies. Future studies should focus on this subgroup of
pediatric patients and involve more neonates with higher
RACHS-1 scores to find out if the 2 transfusion strategies lead
to different outcomes.

A recent study!*®! on cerebral oxygen metabolism before and
after major surgery including congenital cardiac repair in infants
raised the question of the impact of transfusion threshold on
cerebral fractional tissue oxygen extraction and hence, neuro-
development outcome. According to the study, as no previous
studies had investigated cerebral metabolism and neurodevelop-
ment, the non-inferiority of restrictive transfusion strategy should
be interpreted with caution. It also stated that further studies were
warranted.

www.md-journal.com

Our review has strengths which include methods to minimize
bias such as comprehensive literature search and duplicate data
extraction. It also has limitations, particularly the limited data in
this area of study. As expected, the number of studies that met the
inclusion criteria was small and the studies were generally of low
quality and had small sample sizes. Even though statistical
heterogeneity in our meta-analysis was low, the significant
variance in patient characteristics such as lesion type, weight, and
age is concerning. To make our study more homogenous, we
considered postoperative studies only, but this further reduced
the number of studies included. The outcomes analyzed in the
original studies were not always consistent and data output was
not universal, which made the statistical results less conclusive. In
addition, cerebral metabolism and neurodevelopment were
omitted in all the included studies. Therefore, more multicenter
clinical RCTs are necessary to confirm the results and define a
clear threshold for RBC transfusion in pediatric cardiac patients.

5. Conclusion

This systematic review and meta-analysis showed that restrictive
RBC transfusion strategy is at least as safe as liberal RBC
transfusion strategy. The studies included were of reasonable
quality even though they were limited in number. The optimal
RBC transfusion thresholds are yet to be defined.
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