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Abstract

Objective: To describe blood component usage in transfused children with congenital heart 

disease (CHD) undergoing cardiopulmonary bypass (CPB) surgery across peri-operative settings 

and diagnostic categories.

Design: Datasets from US hospitals participating in the National Heart, Lung, and Blood 

Institute Recipient Epidemiology and Donor Evaluation Study-III (REDS-III) were analyzed.

Setting: Inpatient admissions from three US hospitals from 2013–2016.

Address correspondence: Sheila J. Hanson, MD, Children’s Wisconsin, MS 681, 9000 W. Wisconsin Ave, Milwaukee, WI 53226, 
shanson@mcw.edu.
*A complete list of study group members appears in the Acknowledgments.

Tweet: Children with #CHD surgery in #PedsICU receive many #transfusion products at liberal thresholds. Research to guide #PBM 
algorithms needed.
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Patients: Transfused children with CHD undergoing single (SV), biventricular (BV) surgery, 

extracorporeal membrane oxygenation (ECMO).

Interventions: None

Measurements and Main Results: 882 transfused patients were included. Most of the 185 

children with SV surgery received multiple blood products: 81% red blood cells (RBCs), 79% 

platelets, 86% plasma, and 56% cryoprecipitate. In the 678 patients undergoing BV surgery, 85% 

were transfused plasma, 75% platelets, 74% RBCs and 48% cryoprecipitate All 19 patients on 

ECMO were transfused RBCs, plasma, and cryoprecipitate, and 18 were transfused platelets. 

Intra-operatively, patients commonly received all 3 components, while post-operative transfusions 

were predominantly single blood components. Pre-transfusion hemoglobin (Hb) values were 

normal/low-normal for age for all phases of care for SV surgery (median Hb 13.2 – 13.5 g/

dL). Pre-transfusion Hb values for BV surgeries were higher intra-operatively as compared to 

other timing (12.2 g/dL vs. 11.2 pre-op and post-op, p<0.0001). Plasma transfusions for all 

patients were associated with a near normal INR: SV surgeries median INR was 1.3 post-op 

vs. 1.8 intraoperative and BV surgeries median INR was 1.1 intraoperative vs 1.7 post-op. 

Intraoperative platelet transfusions with BV surgeries had higher median platelet count compared 

to post-operative pre-transfusion platelet count (244 ×109/L intra-op vs 69×109/L post-op).

Conclusion: Children with CHD undergoing CPB surgery are transfused many blood 

components both intra- and post-operatively. Multiple blood components are transfused intra­

operatively at seemingly normal/low-normal pre-transfusion values. Pediatric evidence guiding 

blood component transfusion in this population at high risk of bleeding and with limited 

physiologic reserve is needed to advance safe and effective blood conservation practices.
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Introduction

Children with cardiac defects undergoing surgical repair or surgical palliation requiring 

cardiopulmonary bypass (CPB) are a highly transfused pediatric cohort.1–10 Factors 

contributing to blood component transfusion include complex surgeries at high risk of 

bleeding, hemodilution from CPB prime in small sized infants, and baseline cyanosis in the 

single ventricle population with poor tolerance for anemia.1,11

Though blood transfusion in adults after cardiac surgery is associated with increased 

mortality and morbidity, the heterogeneity of types of pediatric cardiac surgeries, and 

age-related hemostatic differences limits the ability to extrapolate adult evidence to 

pediatrics.12–14 The limited pediatric studies vary in many aspects including the cardiac 

population studied (neonate1, 3,7, single1,3,7,15 or two ventricle repair1, 3,7,16,17), blood 

components reported (red blood cell (RBC)1, 3,6,7,16, 17, 18,19, plasma1,6,7, platelets1,6,7, 

cryoprecipitate6,7) and phase of surgical care (operative1,6,7,16, 17 or post-operative3,15, 17 

transfusion). Outcomes associated with blood component transfusion have also varied, 

with reporting of no increase in complications19, to less pulmonary complications, shorter 

mechanical ventilation duration, less acute kidney injury, and less infections or shorter 
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hospital stay for those transfused at more restrictive RBC thresholds1,7,10,19. Other studies 

have shown worse outcome with restrictive transfusion practices, including a report of 

worsened psychomotor development one year after discharge.16 Cryoprecipitate and platelet 

transfusions have been associated with decreased 30-day mortality, but increased pulmonary 

complications.7

Much is unknown regarding the utilization of blood products across hospital settings 

in children undergoing cardiac surgery requiring CPB. A greater understanding of the 

epidemiology of blood product utilization in this complex patient population would facilitate 

targeted algorithm development and patient blood management efforts.

The National Heart, Lung, and Blood Institute (NHLBI) sponsored REDS-III (Recipient 

Epidemiology and Donor Evaluation Study) Program includes comprehensive clinical and 

transfusion data.20 The pediatric data within REDS-III has recently been reported, showing 

the highest transfusion rates in neonates and children undergoing CPB.8,9

In this study, we sought to describe the utilization of all blood components in a multicenter 

cohort of transfused children with congenital heart disease (CHD) undergoing surgery with 

CPB, both as a whole and analyzed across peri-operative settings and diagnostic categories.

Methods

Data Source

The datasets from the REDS-III Domestic Program were queried for this analysis. The 

REDS-III program, as well as the individual components of the datasets, have been 

previously described.20 In brief, four blood centers in the United States (Connecticut, 

Pennsylvania, Wisconsin and California) served as hubs for 12 participating hospitals, 

three of which included pediatric cardiac surgery patients. Patient data were collected 

from the electronic health record from January 1, 2013 to December 31, 2016. The study 

was approved by the Institutional Review Boards at each participating hospital (including 

Medical College of Wisconsin/Froedtert Hospital IRB #00011516; Yale University IRB 

#1201009518; Bridgeport Hospital IRB #031305), as well as the data coordinating center. 

The dataset was de-identified from any personal health information and the treating hospital. 

Encoded timing was derived to maintain data temporal relationships.

Study Definitions

We included all inpatient admissions for neonates, infants and children age ≤18 years with 

CHD requiring CPB (as coded by ICD 9 39.6 and ICD 10 PCS code 5A1221Z), who 

received a transfusion during the admission. Complete data were not able to be obtained 

for patients without a transfusion and these patients were excluded. A patient encounter 

was defined as an inpatient admission with a unique start date/time and discharge date, 

with patients having multiple encounters. Hospital diagnoses were recorded by ICD-9/10 

coding and primary and supporting diagnoses were included. Cardiac surgical diagnoses 

were grouped into three mutually exclusive categories: single ventricular repair/palliation 

(SV), biventricular repair (BV), and extracorporeal membrane oxygenation (ECMO). All 

diagnoses and their corresponding codes are listed in Supplemental Table 1. A patient who 
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had both SV and BV diagnoses was categorized as ‘single ventricle’. Patients receiving 

ECMO during their inpatient hospitalization were categorized as ‘ECMO’ and the patient 

and transfusions were not included in either SV or BV categories. Children born in the 

hospital during the admission that included cardiac surgery were included and categorized as 

‘birth encounters’.

A transfusion event was defined as the issuance of a blood product from the transfusion 

service. Products returned to the blood bank without transfusing were not considered a 

transfusion event. Data captured on the issued product included issue time, issue location 

(intensive care unit [ICU], or operating room [OR]), and a barcode (Codabar or ISBT 

128) from which product type was extracted. RBC, plasma, platelet, cryoprecipitate, and 

whole blood transfusions were included. The volume of transfusion was not captured in the 

database. Blood products used to prime the CPB circuit were included and could not be 

distinguished from transfusions given to the patient in the OR. The transfusion laboratory 

values reported were hemoglobin levels (Hb) (g/dL), platelet counts (×109 cells/L) and 

international normalized ratios (INR) obtained closest to and within 24 hours prior to the 

transfusion.

Statistical Analysis

Demographic and clinical characteristics were described as counts and percentages or 

median and interquartile range (IQR), as appropriate. The percent of encounters during 

which a blood product was transfused is presented by patient demographics, selected 

diagnoses and blood component transfused. To account for potential correlation in repeated 

encounters among patients, we used generalized estimating equations to calculate p-values. 

Two-sided p-values below 0.05 were considered significant. All models were adjusted for 

site. Box plots were constructed showing the distribution of pre-transfusion laboratory 

values by SV or BV diagnosis and transfusion location. Analyses were conducted with SAS 

version 9.4 (SAS Institute Inc., Cary, NC, USA) and the Venn diagrams were produced with 

R version 4.1.0 (R-project, Vienna, Austria).

Results

Patient Characteristics (Table 1,2,Supplemental Table 2)

There were 882 patient encounters from three sites that met inclusion criteria. Fifty-five 

percent were male with a median (IQR) age of 1 (0–4) years. Eleven percent of patient 

encounters were birth admissions. The demographics and the number and type of products 

transfused are described for SV surgeries in Table 1, BV in Table 2, and those supported 

by ECMO in Supplemental Table 2. Infants (birth encounter and the 0–1-year groups) had 

increased frequency of RBC transfusion (88%) as compared to 50% in 13–18 year group 

(p<.0001).

No patients undergoing single ventricular repair or ECMO received whole blood. Fourteen 

patients undergoing biventricular repair received whole blood (13 intra-operatively and 1 

with unknown setting), and of those patients, only one received an RBC transfusion as well.

Hanson et al. Page 4

Pediatr Crit Care Med. Author manuscript; available in PMC 2022 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Transfusion Characteristics (Figure 1 and Supplemental Figure 1)

Figure 1 describes the settings in which the transfusions were administered. Few platelet 

(1%, n=6) and plasma (4%, n=27) transfusions were administered in the pre-operative 

period. The majority of transfusions were given intra-operatively: 52% of RBC, 61% of 

plasma, 67% of platelet, and 78% of cryoprecipitate. Post-operative transfusions were most 

commonly RBC, followed by plasma, platelet, and cryoprecipitate.

The Venn diagrams in Supplemental Figure 1 illustrate the combination of blood 

components transfused across the operative settings by SV and BV status. Intra-operatively, 

patients most commonly received all 3 components: 51% for SV and 49% for BV. Twenty­

four (65%) of pre-operative transfusions to children with SV and 65 (71%) of pre-operative 

transfusions to children with BV were transfused solely RBCs. Post-operative transfusions 

were mostly single blood components (59% for SV and 70% for BV).

Pre-Transfusion Laboratory Values (Table 3, Supplemental Figures 2, 3 and 4)

Median (IQR) laboratory values obtained closest to and within 24 hours of transfusion 

are presented for specific blood component transfusions by operative setting and surgical 

category in Table 3 and Supplemental Figure 2. Supplemental Figures 3 and 4 show the 

pre-transfusion thresholds by age, surgical category, and operative setting. BV patients 

transfused RBC were transfused with lower Hb values pre-operatively (p=0.0006) and 

post-operatively (p<0.0001) compared to intraoperatively (median Hb (g/dL) 11.2 pre-op 

vs. 12.2 intra-op vs. 11.2 post-op) (Table 3). These differences were more pronounced when 

analyzed by age group, with older children having greater differences between pre-, intra-, 

and post-operative hemoglobin values prior to transfusion (Supplemental Figures 3 and 4). 

For all age groups the difference in pre-transfusion hemoglobin values were significantly 

higher when comparing operative to post-operative values, p<0.05. Patients with SV were 

transfused RBC at higher Hb values in all 3 phases of care (median Hb (g/dL) 13.2 pre-op 

vs 13.5 intra-op vs. 13.3 post-op) compared to patients with BV (p<.0001). Pre-transfusion 

Hb levels were lower post-operatively in patients ≥6 years of age with BV, with a median 

pre-transfusion Hg level of 9.1 g/dL, compared to patients <6 years (11.4 g/dL), p<.0001.

Recognizing that the upper limit of normal for INR varies by age, plasma transfusions in 

all settings and ages were associated with only mild coagulopathy, reflected by a median 

INR <1.8. Intraoperative plasma transfusions for patients with biventricular surgeries were 

associated with a lower INR (median 1.7 pre-op (p=0.0006 vs intra-op) vs INR 1.1 intra-op 

vs 1.6 post-op (p<0.0001 vs intra-op). Patients with SV were transfused plasma with an 

associated median INR of 1.6 pre-op vs 1.5 intra-op vs. 1.8 post-op (p=NS).

Pre-transfusion platelet levels varied widely, even within an operative setting or surgical 

setting as shown in Table 3. The median pre-transfusion platelet count was highest for 

intraoperative BV platelet transfusions (median (× 109/L) 50 pre-op (p=0.004 vs intra-op) 

vs 244 intra-op vs 70 post-op (p<0.0001 vs. intra-op). Age-based differences were observed 

with SV and BV (Supplemental Figures 3 and 4), with infants having little variability in 

pre-transfusion laboratory values based on setting and older children having significant 

variability. Intraoperative platelet transfusions to SV patients were associated with the 
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highest platelet counts (median (× 109 cells/L) 38 pre-op (p=0.04 vs intra-op) vs 72 intra-op 

vs 54 post-op (p=0.02 vs. intra-op).

Discussion

In this multicenter cohort of transfused children with CHD undergoing surgery with CPB, 

the transfusion of blood components is common across the operative settings. Infancy 

was associated with more RBC and cryoprecipitate transfusions for both SV and BV 

repairs compared to older ages. There was no association by age or single ventricle 

status for plasma or platelet transfusions. In this transfused cohort, birth encounters of 

any diagnosis and infants with SV were almost universally transfused RBC. Intra-operative 

and ECMO status were associated with transfusion of all blood components while post­

operative transfusion was more targeted, with most patients receiving a single blood 

component. Blood conservation strategies targeting intra-operative transfusion including 

CBP equipment, priming composition and techniques, cell-salvage and hemostasis may be 

appropriate given the frequent and diffuse transfusion practices shown in this study.

RBC transfusion occurred most frequently and at the highest pre-transfusion Hb values in 

infants and SV repair, likely reflecting the surgical complexity, hemodilution from CPB 

prime in small sized infants, increased bleeding risk and/or baseline cyanosis with poor 

tolerance for anemia in this population. As these infants, including those undergoing stage 1 

palliation, were excluded from many of the pediatric transfusion studies, there is very little 

evidence to describe transfusion practices in this vulnerable population. One clinical trial 

of 162 infants showed no differences in measures of oxygen delivery and clinical outcomes 

between restrictive (Hb of 7.0 g/dL in SV and 9.5 g/dL in BV) and liberal thresholds (Hb 

of 9.5 g/dL in SV and 12.0 g/dL in BV).21 Based on an extensive systematic review, the 

Transfusion Anemia eXpert Initiative (TAXI), published after the REDSIII study, recently 

recommended not to transfuse if Hb > 7.0 g/dL in stable infants undergoing BV. For infants 

undergoing SV palliation, they recommend avoiding transfusing based on Hb alone if > 

9.0 g/dL.22 They recommend further studies investigating anemia, RBC transfusion, oxygen 

delivery and utilization and outcomes. The ideal Hb associated with optimal outcomes is 

unknown, and it is not known if this Hb threshold would be constant across operative 

settings.

Outside of birth and infant transfusion encounters where RBC transfusion was the most 

frequent, plasma was the most frequent blood component transfused. A recent single center 

study demonstrated that nearly one-quarter of children received a hemostatic transfusion 

following CPB.4 We found the median pre-transfusion INR values ranged 1.1 to 1.8 

depending on the operative setting and diagnosis. In a previous pediatric study, plasma 

transfusion for bleeding from coagulopathy resulted in improved INR only in those children 

with a pre-transfusion INR >2.5.23 There is no evidence to support empiric prophylactic 

plasma transfusion for patients perceived to be at risk of bleeding.24 Further research to 

investigate the barriers to limiting plasma transfusion to massive or critical bleeding are 

needed in this specific pediatric cardiac population including practices to empirically replace 

chest tube output with plasma.
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Pre-transfusion platelet values were highest for transfusions given in the intraoperative 

setting. Lower pre-transfusion values were found pre- and post-operatively in the 38–70 

×109/L range for both SV and BV. There are no pediatric guidelines, nor evidence, for post­

cardiac surgical platelet transfusion thresholds to minimize post-operative bleeding. The 

AABB suggests platelet transfusion for adult patients having CPB who exhibit perioperative 

bleeding with thrombocytopenia and/or with evidence of platelet dysfunction.25 The AABB 

recommendations for children are limited to consideration of platelet transfusion to any 

bleeding child with platelet dysfunction.26 Qualitative platelet defects are common in 

patients on ECMO, and studies have shown possible benefit of including viscoelastic testing 

and evaluation of platelet function to help guide the decision to transfuse platelets in this 

patient population.27, 28 As the pre-transfusion laboratory values were selected based on 

the platelet count closest to the transfusion within 24 hours, it cannot be determined if 

that threshold platelet count reflects the platelet count at the time of the intra-operative 

bleeding. Additional significant clinical information, such as active bleeding, will be 

important to explain the difference in pre-transfusion platelet counts between pre-, intra-, 

and post-operative settings.

Limitations of this study are common to any secondary analysis. The indication for 

transfusions, site transfusion guidelines, patient physiologic state (active bleeding or 

hemodynamic compromise) and other patient factors such as co-morbidities and complexity 

of the cardiac surgery including the STAT (The Society of Thoracic Surgeons-European 

Association for Cardio-Thoracic Surgery) score are unknown. Patient data on non-transfused 

patients was not available, so comparison with transfused patients was unable to be obtained. 

The use of blood and blood products for CPB pump priming could not be distinguished 

from direct patient transfusion in the intraoperative setting. Intraoperative collection and 

reinfusion of cell-saver blood or other patient blood management methods was not available. 

We did not assess the use of fibrinogen concentrate in this study, which may be relevant 

to this surgical population.29 Pre-transfusion laboratory values may reflect a different 

setting than the transfusion; for example, the most recent laboratory value of platelets 

prior to an intraoperative transfusion may have been pre-operative. These values cannot 

be interpreted as a transfusion threshold as the clinical factors at the time of transfusion, 

such as active bleeding or hemodynamic stability, couldn’t be assessed. Transfusion volume, 

and therefore the dose, was unknown and response to transfusions couldn’t be reported. 

However, this study captured blood component utilization across multiple ages, diagnoses, 

and geographical and operative settings, reflecting contemporary transfusion practice for this 

population.

Prior pediatric studies describing blood component usage in this population are scarce and 

often limited to a single blood component or peri-operative setting. This study describes 

the transfusion practices of all blood components in this critically ill cardiac surgical 

population across the peri-operative settings. Given our findings, the development of 

transfusion algorithms in all settings, but in particular, intraoperative strategies for patient 

blood management are essential. Targeting a single blood component for study may limit 

the effectiveness of blood conservation efforts, as concomitant transfusions of both RBC and 

hemostatic blood components are common.
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Conclusion

Our study confirms that children with CHD undergoing surgery requiring CBP are a 

group that is transfused many blood components both intra- and post-operatively. Infants 

are most likely to be transfused RBC and cryoprecipitate, while plasma is the most 

frequent blood component transfused outside of infancy. Multiple blood components 

are transfused intraoperatively at the most liberal pre-transfusion laboratory values. Post­

operative transfusions are targeted, with transfusion of single or multiple blood components 

at pre-transfusion levels higher than general pediatric transfusion guidelines. Pediatric 

evidence guiding blood component transfusion in this population at high risk of bleeding 

and with limited physiologic reserve is needed to advance safe and effective blood 

conservation practices.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in Context:

• Children undergoing cardiac surgery with cardiopulmonary bypass are at high 

risk of requiring transfusions, both in the operating room and following their 

procedure.

• Though TAXI guidelines have suggested hemoglobin thresholds for RBC 

transfusion post-operatively, few recommendations exist to guide the 

transfusion of all blood components during and after cardiac surgery.

• This secondary analysis of the NHLBI Recipient Epidemiology and Donor 

Database provides a report of the current utilization of blood components 

across hospital settings.
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At the Bedside:

• Infants more commonly receive RBC and cryoprecipitate transfusions 

whereas platelet and plasma transfusions are not associated with age in this 

cohort.

• Development of transfusion algorithms for children undergoing cardiac 

surgeries in all settings, in particular intraoperative strategies for patient blood 

management, are essential.

• Patient blood management strategies should address all blood components, as 

concomitant transfusions of both RBC and hemostatic blood components are 

common.
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Figure 1. 
Specific Blood Product Transfusion by Setting (pre-operative, operative, or post-operative). 

Percent distribution of blood product transfusion (Red Blood Cell (RBC), Platelets, Plasma 

or Cryoprecipitate (Cryo)) in each operative setting.
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Table 3.

Pre-transfusion laboratory values, by cardiac surgery category and setting

HEMOGLOBIN

Surgery Type Timing n mean min P_1 P_10 P_20 P_25 P_50 P_75 P_90 P_99 max

Bi-Ventricular 
Diagnosis

pre-
operative 107 11.38 6.5 7.1 8.7 9.6 9.8 11.2 13.0 14.4 15.5 18.1

operative 281 12.41 7.8 8.2 10.1 10.8 11.2 12.2 13.6 15.0 17.5 19.1

post-
operative 389 11.18 5.7 6.8 8.8 9.5 9.9 11.2 12.4 13.6 16.0 17.2

unknown 153 11.36 6.1 6.3 8.4 9.4 9.7 11.5 12.8 14.4 17.3 19.6

Single Ventricle 
Diagnosis

pre-
operative 69 13.16 9.5 9.5 11.0 11.6 12.0 13.2 13.9 15.8 18.1 18.1

operative 266 13.62 9.1 9.6 11.4 12.1 12.4 13.5 14.8 16.2 18.0 18.4

post-
operative 284 13.30 8.8 9.1 11.4 12.2 12.5 13.3 14.2 15.2 17.9 18.5

unknown 39 13.45 10.2 10.2 10.8 12.2 12.5 13.6 14.7 15.3 16.6 16.6

INR

Surgery Type Timing n mean min P_1 P_10 P_20 P_25 P_50 P_75 P_90 P_99 max

Biventricular 
Diagnosis

pre-
operative 25 1.82 1.0 1.0 1.0 1.2 1.4 1.7 2.3 2.7 3.4 3.4

operative 233 1.21 0.7 0.8 1.0 1.0 1.0 1.1 1.3 1.6 2.6 5.3

post-
operative 199 1.82 0.8 0.8 1.3 1.4 1.5 1.6 1.9 2.4 6.1 7.2

unknown 53 1.65 0.9 0.9 1.0 1.2 1.2 1.4 1.6 1.9 11.0 11.0

Single Ventricle 
Diagnosis

pre-
operative 14 1.65 1.1 1.1 1.2 1.3 1.3 1.6 1.8 2.3 2.6 2.6

operative 140 1.71 0.9 0.9 1.0 1.1 1.2 1.5 1.8 2.5 6.3 7.5

post-
operative 110 1.90 0.8 0.9 1.4 1.5 1.5 1.8 2.1 2.6 4.2 4.3

unknown 14 1.73 1.1 1.1 1.2 1.3 1.3 1.6 1.8 2.7 3.2 3.2

TOTAL PLATELET COUNT

Surgery Type Timing n mean min P_1 P_10 P_20 P_25 P_50 P_75 P_90 P_99 max

Biventricular 
Diagnosis

pre-
operative 4 90.50 9.0 9.0 9.0 9.0 21.5 50.0 159.5 253.0 253.0 253.0

operative 213 258.83 19.0 24.0 103.0 169.0 189.0 244.0 324.0 411.0 565.0 671.0

post-
operative 155 84.98 10.0 16.0 32.0 41.5 48.0 70.0 92.0 144.0 398.0 414.0

unknown 48 158.15 18.0 18.0 25.0 47.0 54.5 108.0 168.5 394.0 670.0 670.0

Single Ventricle 
Diagnosis

pre-
operative 9 72.78 4.0 4.0 4.0 17.0 23.0 38.0 79.0 309.0 309.0 309.0

operative 133 129.20 5.0 6.0 14.0 28.0 33.0 72.0 226.0 318.0 497.0 515.0

post-
operative 83 67.82 5.0 5.0 17.0 28.0 32.0 54.0 79.0 125.0 359.0 359.0

unknown 9 148.56 47.0 47.0 47.0 52.0 75.0 138.0 229.0 287.0 287.0 287.0
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Pre-transfusion laboratory values of Hemoglobin, INR, and total Platelet Count are compared by Cardiac surgical categories of Bi-ventricular 
or Single Ventricle Diagnosis across operative settings (pre-operative, operative, or post-operative). Mean, minimum and Maximum values, and 

percentage distribution are shown. (P_1 =1st percentile, P_50=50th percentile (median), P_99=99th percentile)
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