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Abstract The optimal red blood cell transfusion threshold

for postoperative pediatric cardiac surgery patients is

unknown. This study describes the stated red blood cell

transfusion practice of physicians who treat postoperative

pediatric cardiac surgery patients in intensive care units. A

scenario-based survey was sent to physicians involved in

postoperative intensive care of pediatric cardiac surgery

patients in all Canadian centers that perform such surgery.

Respondents reported their red blood cell transfusion prac-

tice in four postoperative scenarios: acyanotic or cyanotic

cardiac lesion, in a neonate or an infant. In part A of each

scenario, the patient was critically ill, but stabilized; in part

B, the patient became unstable. Response rate was 58 % (71

of 123), with 45 respondents indicating direct involvement in

postoperative intensive care. There was a wide variability in

stated transfusion threshold, ranging from\7.0–14.0 g/dL

for stabilized cases. There was no significant difference

between neonates and infants in stated transfusion threshold.

The mean hemoglobin level below which respondents would

transfuse a stabilized patient was 9 g/dL for acyanotic and

11.2 g/dL for cyanotic patients, a statistically significant

difference (2.2 ± 0.9 g/dL, p\ 0.001). All clinical deter-

minants of instability significantly increased transfusion

threshold. Hemodynamic instability increased transfusion

threshold by 2.3 ± 1.3 g/dL in acyanotic patients and by

1.3 ± 1.1 g/dL in cyanotic patients. Cyanotic lesion and

clinical instability, but not patient age, increased stated red

blood cell transfusion threshold. Significant variation in

reported red blood cell transfusion practice exists among

physicians treating pediatric patients in intensive care fol-

lowing cardiac surgery.
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Introduction

Red blood cell (RBC) transfusion is common in the care of

pediatric cardiac surgery patients, with reported transfusion

rates up to 79 and 55 % for surgery with and without bypass,

respectively [1]. However, RBC transfusions are not without

risk. Though transfusion-related infectious complications of

RBC transfusions have decreased in recent years [2], sig-

nificant non-infectious serious hazards of transfusion

remain, including storage lesions and transfusion-related

immunomodulation [2–4]. RBC transfusion in pediatric

cardiac surgery patients has been associated with longer

ventilation time, prolonged hospital stay and increased

infections [5–7]. Furthermore, RBC transfusion is associated

with increased morbidity and mortality in adults with cardiac

disease [8–10]. Indeed, a restrictive RBC transfusion strat-

egy was not inferior to a liberal strategy in clinical trials of

critically ill adults [11], critically ill children [12], and crit-

ically ill children after cardiac surgery [13, 14]. Whether

these studies have changed clinical practice is unknown.

Electronic supplementary material The online version of this
article (doi:10.1007/s00246-016-1427-2) contains supplementary
material, which is available to authorized users.

& Karen Harrington

karen.harrington.hsj@ssss.gouv.qc.ca

1 Division of Pediatric Critical Care Department of Pediatrics,

CHU Sainte-Justine, Université de Montréal, 3175 Côte
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Three scenario-based surveys have been published on

stated transfusion practice in pediatric intensive care units

(PICU); none specifically addressed cardiac patients

[15–17]. We therefore surveyed physicians caring for

postoperative cardiac surgery patients in PICU in order to

describe stated RBC transfusion practice and the determi-

nants that influence transfusion decision making.

Materials and Methods

Study Design

We developed a cross-sectional self-administered scenario-

based survey. The questionnaire was designed to determine

which patient, respondent, and center-related characteris-

tics modulate the hemoglobin (Hb) concentration below

which physicians prescribe a RBC transfusion.

Study Population

We aimed to contact physicians directly involved in the

postoperative care of pediatric cardiac surgery patients in

all seven pediatric cardiac surgery programs in Canada.

Names and contact details of pediatric intensivists, cardi-

ologists, and cardiac surgeons were obtained from websites

of Stollery Children’s Hospital, Montreal Children’s

Hospital, Centre Hospitalier Universitaire de Québec,

Children’s Hospital of Eastern Ontario, British Columbia

Children’s Hospital, Hospital for Sick Children and CHU

Sainte-Justine. Each center was telephoned to confirm the

information. Respondents were asked to indicate if they

were directly involved in postoperative ICU care of pedi-

atric cardiac surgery patients and if not, to return the survey

blank.

Questionnaire Development

We asked 26 physicians at our center (cardiac surgeons,

cardiologists, intensivists, and PICU fellows) to list all

clinical and laboratory data that would prompt them to pre-

scribe RBC transfusion in a postoperative cardiac surgery

patient. Fourteen clinical and nine laboratory items were

identified. Three authors (KH, JL, and NP) selected final

items using the Delphi method. After two iterations, 11

possible determinants were retained: age, cyanotic car-

diopathy, desaturation, pulmonary hypertension, hypoten-

sion, hypovolemia, increased inotropes, hyperlactatemia,

decreased mixed venous saturation (SvO2), active bleeding,

and extracorporeal membrane oxygenation (ECMO) sup-

port. A self-administered survey was constructed with four

scenarios (Table 1 and see electronic supplementary mate-

rial for all four scenarios) describing the postoperative

condition of a neonate or infant with a cyanotic (palliated) or

acyanotic (corrected) cardiac malformation. Mean Hb level

and lower limit of normal by age group were provided as a

reference. Part A of each scenario described a hemody-

namically stable patient, who became unstable in part B. In

each scenario, clinical determinants of stability were chan-

ged one at a time and respondents asked to indicate their Hb

transfusion threshold. The survey also requested information

on physician and PICU characteristics (Table 2).

Questionnaire Pretesting

Three PICU attending physicians, four PICU fellows, and

one pediatric cardiac surgeon rated the final version of the

questionnaire for discriminality, clarity, utility, face

validity, content validity, construct validity, and absence of

redundancy [18] using a 7-point Likert scale ranging from

one (complete disagreement) to seven (complete agree-

ment). Responses between five and seven were considered

satisfactory. The respondents considered 84 % of questions

satisfactory, with a mean Likert score of 5.6 for all quality

criteria.

Questionnaire Administration

The survey was distributed according to the principles of

Dillman et al. [19]. It was mailed in June 2009; reminders

with survey attached were sent 3 and 4 months after the

first mailing.

Statistics

Three variable categories were considered possible deter-

minants of RBC transfusion in critically ill children: dis-

ease (scenarios), clinical patient characteristics, and

characteristics of respondents and ICUs.

First, baseline mean and standard deviation (SD) of

stated transfusion threshold were calculated for each sce-

nario. Second, the effect of each respondent’s characteristic

on baseline Hb was analyzed separately, using two-way

ANOVA with scenarios and respondent characteristics as

independent variables. Third, changes from baseline

transfusion threshold were calculated for each determinant

by scenario and compared to uncover statistically signifi-

cant changes between determinants. The effect of scenarios

1–4 on baseline transfusion threshold was assessed by one-

way ANOVA. The effect of determinants on differences

between baseline Hb transfusion threshold in each scenario

and determinant-defined transfusion threshold was evalu-

ated by two-way ANOVA. Significant interactions between

scenarios and determinants were explored: Thus, one-way

ANOVAs (factor = scenario) were performed for each

determinant to estimate the effect of scenarios and
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likewise, one-way ANOVAs (factor = determinants) were

carried out for each scenario to estimate the effect of

determinants. The latter analysis compared the mean

change associated with each determinant for each scenario

separately. Pairwise comparisons between determinants

were carried out, and a Tukey’s HSD post hoc test was

used to account for multiplicity. Analyses were done by a

statistician (Thierry Ducruet) with SAS program (v. 9.3,

SAS Institute Inc., Cary, NC).

Results

The survey was sent to 123 physicians; 71 responded

(58 %), of whom 45 (63 %) indicated direct involvement

in postoperative cardiac surgery ICU care. Only 17

responses were missing (17/2520 = 0.7 %) in the surveys

that we received; most unanswered questions were about

physician age (6 of 17 unanswered questions) and number

of PICU beds (5 of 17).

Physician and PICU characteristics are described in

Table 2. Average age of respondents was 43 ± 9 years.

Pediatrics was the primary specialty for 32 of 45 (71 %).

Most (62 %) had ten or more years of practice as attending

physician. Average number of PICU beds was 16 ± 5.9.

73 % of respondents stated their institution performed 0–200

operations per year using cardiopulmonary bypass (CPB). 18

of 45 physicians answered that 26–50 % of cardiac surgeries

were performed on patients aged under 30 days.

Figure 1 reports the number of times each Hb transfu-

sion threshold was chosen in the four hemodynamically

stable scenarios. For neonates, the average Hb transfusion

threshold for an acyanotic patient (arterial switch) was

9.2 ± 1.3 g/dL and was 11.3 ± 1.6 g/dL for a cyanotic

patient (systemic-pulmonary shunt for tetralogy of Fallot

with pulmonary atresia). For infant cases, the mean Hb

transfusion threshold was 8.8 ± 1.3 g/dL for an acyanotic

patient (corrective surgery for complete atrioventricular

canal) and 11.1 ± 1.4 g/dL for a cyanotic patient (stage 2

cavopulmonary shunt palliation for hypoplastic left heart

syndrome).

Mean transfusion threshold was higher in cyanotic than

in acyanotic patients, by 2.2 g/dL (95 % confidence inter-

val 2.0–2.4, p\ 0.001) in stabilized patients and by 1.3 g/

dL (95 % CI, 1.1–1.6, p\ 0.001) in unstable patients (part

B of the scenarios). Age was not a significant factor: The

difference between mean transfusion threshold for neonates

and infants was 0.3 g/dL (95 % CI -0.1 to 0.8, p = 0.17)

in stabilized patients and 0.2 g/dL (95 % CI -0.1 to 0.6,

p = 0.14) in unstable patients.

Physician and PICU characteristics did not significantly

affect stated threshold Hb in all scenarios (Table 2).

Transfusion threshold was lower in higher-volume centers

([200 cardiopulmonary bypass cases/year), but this was

not statistically significant (p = 0.08).

Table 3 shows the average increase in Hb transfusion

threshold for each possible clinical determinant within each

scenario; all clinical determinants significantly increased

transfusion threshold. Hemodynamic instability (part B vs.

part A of the scenarios) was also associated with important

increases in transfusion threshold over baseline for all

scenarios. In acyanotic cases, the most important increase

over baseline Hb transfusion threshold was observed with

ECMO (?2.2 ± 1.4 g/dL), active bleeding (?2.0 ± 1.2 g/

dL), and decreased SvO2 (?2.0 ± 1.3 g/dL). In cyanotic

cases, decreased SvO2 (?1.2 ± 1.1 g/dL), oxygenation

Table 1 Example of a scenario proposed in the self-administered questionnaire

Scenario 1A: A 6-day-old child is in the intensive care unit 6 h after an arterial switch operation for transposition of the great arteries. The

postoperative echocardiogram showed good contractility and no significant residual lesion. Ventilator settings include a rate of 30 bpm, peak

inspiratory pressure of 20 cmH2O, PEEP 4 cmH2O, and FiO2 0.40. Arterial oxygen saturation is 99 %. The child is receiving milrinone 0.5

mcg/kg/min and dopamine 5 mcg/kg/min. Heart rate is 150/min, sinus rhythm. Arterial blood pressure is 70/35 mmHg. CVP is 8 mmHg.

Pulmonary systolic pressure is one-third systemic. The child is warm, with good peripheral perfusion. Urine output is 1 ml/kg/h. There is no

active bleeding. Ventilator and inotropic support have not been changed in the last 2 h

Recent laboratory results include:

Arterial blood gas: pH 7.41, PaO2 120 mmHg, PCO2 40 mmHg, bicarbonate 22 mmol/L

Mixed venous saturation (SvO2): 70 %

Platelet count: 100 9 109/L (=9 103/lL)

Lactate: 1.5 mmol/L

aPTT:40 s INR 1.2

Scenario 1B: Over the following hours, the patient’s condition deteriorates. Heart rate is now 200/min, sinus rhythm. Arterial blood pressure is

48/28. Serum lactate is 6.8, and mixed venous saturation is 45 %. The patient has cool extremities, and there has been no urine output in the last

hour. There is no active bleeding. A cardiac echo has been requested, and adjustments of inotropic support are being made. You are informed of

the patient’s current hemoglobin level

See electronic supplementary material for the complete four scenarios

APTT activated partial thromboplastin time, CVP central venous pressure, FiO2 fraction of inspired oxygen, INR international normalized ratio,

PaO2 partial pressure of oxygen in arterial blood, PCO2 partial pressure of carbon dioxide in arterial blood, PEEP positive end-expiratory

pressure
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Table 2 Characteristics of 45 respondents who answered to the four scenarios

Characteristic Response Respondents p Valuea

Age of the respondents (years)b 43 ± 9 0.53

Number (%)

Year of completion of MD degree

Prior to 1970 1 (2) 0.93

1970–1979 6 (13)

1980–1989 19 (42)

1990–1999 11 (24)

C2000 8 (18)

Primary specialty other than intensive care

Cardiac surgery 2 (4) 0.20

Cardiology 10 (22)

Pediatrics 32 (71)

Anesthesia 1 (2)

Academic rank

Professor 7 (16) 0.84

Associate professor 16 (36)

Assistant professor 18 (40)

Lecturer 3 (7)

No academic affiliation 1 (2)

Number of years in practice as an attending

0–4 9 (20) 0.54

5–9 8 (18)

10–14 9 (20)

C15 19 (42)

Type of Intensive Care Unit in which postoperative cardiac surgery patients are treated

Pediatric ICU 43 (96) 0.69

Pediatric cardiac ICU 2 (4)

Number of beds in the intensive care unitc

B10 11 (28) 0.29

11–20 16 (40)

[20 13 (33)

Number of pediatric cardiac operations using cardiopulmonary bypass performed in institution per year

0–100 9 (20) 0.08

101–200 24 (53)

[200 11 (24)

Don’t know 1 (3)

Percentage of cardiac operations using cardiopulmonary bypass in institution performed on neonatal patients (age less than 30 days)

0–10 % 2 (4) 0.70

11–25 % 10 (22)

26–50 % 18 (40)

51–75 % 5 (11)

76–100 % 1 (2)

Don’t know 9 (20)

Type of red blood cell transfusion

Packed red blood cells 43 (96) 0.80

Whole blood 2 (4)

Stated average storage time of red blood cells prior to transfusiond

Less than 7 days 5 (12) 0.47
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difficulties (?1.0 ± 1.0 g/dL), and active bleeding (?1.0 ±

1.0 g/dL) were also important clinical determinants. The

increase in Hb transfusion threshold for acyanotic cases

was significantly higher than in cyanotic cases for the

actively bleeding child and for ECMO.

Discussion

This study describes the stated RBC transfusion practice

pattern of physicians in the postoperative ICU care of

pediatric cardiac surgery patients. We also characterized

clinical, practitioner, and center-dependent determinants of

RBC transfusion. Significant variability of Hb transfusion

threshold was noted among physicians when presented four

different clinical scenarios, ranging from\7.0 to 14.0 g/dL

for cyanotic patients and\7.0 to 12.0 g/dL for acyanotic

stabilized patients. This wide variation reflects the lack of

consensus in the medical community regarding Hb trans-

fusion threshold for pediatric postoperative cardiac surgery

patients.

Few trials have attempted to define the ideal Hb transfu-

sion threshold in pediatric cardiac surgery. They studied

different transfusion thresholds, populations and outcomes,

making comparisons difficult. In acyanotic patients, two

randomized controlled trials sought to determine the lowest

acceptable hematocrit level during CPB. The first study

showed in 113 children younger than 9 months that

hemodilution during CPB to hematocrit of 21.5 %

(Hb & 7.5 g/dL) compared to 27.8 % (Hb & 9.3 g/dL)

was associated with lower Bayley Psychomotor Develop-

ment index at 1 year of age (81.9 ± 15.7 vs. 89.7 ± 14.7,

p = 0.008) [20]. However, in a different study of 124

patients, the same psychomotor development index was

similar at 1 year of age in subjects with hematocrits of

24.8 % (Hb & 8.3 g/dL) and 32.6 % (Hb & 10.9 g/dL)

during CPB [21]. A subgroup analysis of 125 infants enrolled

in the TRIPICU study after cardiac surgery [12] showed no

significant difference in incidence of multiple organ dys-

function syndrome and death (12.7 vs. 6.3 %; p = 0.36)

when comparing restrictive and liberal transfusion groups

(Hb: 7.0 vs. 9.5 g/dL); however, neonates and patients with

cyanotic heart disease were excluded from this trial [14].

Finally, a single-center randomized controlled trial in chil-

dren with acyanotic congenital heart defects requiring elec-

tive cardiac surgery [22] demonstrated that a restrictive

transfusion strategy (Hb\ 8.0 g/dL) in the operating room

and ICU, compared to a liberal one (Hb\ 10.8 g/dL), was

associated with shorter length of hospital stay. These studies

Table 2 continued

Characteristic Response Respondents p Valuea

7 –14 days 3 (7)

More than 14 days 2 (5)

Don’t know 34 (77)

Stated presence of a local policy to use ‘‘fresh’’ red blood cells in cardiac patients

Yes 22 (49) 0.07

No 16 (36)

Don’t know 7 (16)

Mean ± standard deviation or proportions and percentage (in parentheses)

ICU intensive care unit
a Two-way repeated-measures analysis of variance: one characteristic (91) and the four scenarios (92) versus baseline threshold hemoglobin

level (y). The p values describe the characteristic’s effect
b 6 missing values
c 5 missing values
d 1 missing value

Fig. 1 Distribution of hemoglobin (Hb) threshold for hemodynam-

ically stable patients (Part A in all scenarios). The mean Hb threshold

below which respondents would prescribe packed red blood cells

transfusion was statistically different between acyanotic scenarios and

cyanotic scenarios (p\ 0.0001). Diagonal lines 6 days of age,

arterial switch. White bar 6 days, systemic-pulmonary shunt. Dots

5 months atrioventricular canal. Black bar 5 months Glenn for

hypoplastic left heart syndrome
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suggest that Hb concentrations over 8.3 g/dL during CPB

and over 7.0 g/dL in the PICU are likely safe in acyanotic

pediatric cardiac surgery patients.

Less is known about the appropriate transfusion

threshold for cyanotic postoperative patients. Physicians

target higher Hb values for critically ill children with

cyanotic heart disease [23]. A study of adults with cyanotic

heart disease showed direct correlation between oxygen

saturation and ideal Hb [24]. Yet, whether maintaining

higher Hb levels in cyanotic postoperative cardiac surgery

patients improves morbidity or mortality is unknown. To

date, only one small randomized controlled trial addressed

the question by allocating 60 children with cyanotic cardiac

lesions to either a restrictive or liberal transfusion strategy

(Hb\ 9.0 vs.\ 13.0 g/dL); no difference was observed in

the postoperative blood lactate level [13]. Unfortunately,

Beekman’s [25] statement in 1985 that ‘‘the optimal Hb

concentration for children with cyanotic heart disease has

yet to be determined’’ remains true three decades later.

Patient age did not significantly influence stated Hb

transfusion threshold of respondents, with an increase of

only 0.3 g/dL for neonates compared to infants. This

differs from two previous surveys on stated transfusion

practice in PICU patients, each including one cardiac

scenario. In 2002, Laverdière et al. reported a mean

increase of 0.9 g/dL Hb transfusion threshold for neonates

compared to infants after correction of tetralogy of Fallot

[15]. Twelve years later, Du Pont-Thibodeau et al.

reported a smaller increase of 0.6 g/dL for the same

scenario [17].

All nine determinants of hemodynamic instability

increased Hb transfusion threshold in every scenario. Hb

transfusion threshold for ECMO and for active bleeding

was significantly higher for acyanotic cases compared to

cyanotic cases. This may suggest a ceiling effect in

transfusion thresholds, as cyanotic cases in our survey

began with a higher baseline stated Hb transfusion

threshold.

Table 3 Association between possible determinants and increase in threshold hemoglobin concentration

Scenario

Scenario characteristics 1 2 3 4 p-Value�

Patient’s age in the scenario 6 days 6 days 5 months 5 months

Acyanotic (Acy) versus cyanotic (Cy) Acy Cy Acy Cy

Baseline threshold Hb chosen by respondents (g/dL) 9.2 ± 1.3 11.3 ± 1.6 8.8 ± 1.3 11.1 ± 1.4 2, 4[ 1, 3

Determinants Increase of threshold Hb over baseline (g/dL) p value�

(1) Oxygenation

(1a) SaO2 = 89 % with FiO2 = 100 % despite increased ventilator settings 1.5 ± 1.0 1.6 ± 1.0 0.75

(1b) SaO2 = 60 % with FiO2 = 100 %despite increased ventilator settings 0.8 ± 0.9 1.2 ± 1.1 0.14

(2) Pulmonary pressure is systemic 1.2 ± 1.1 0.4 ± 0.7 1.2 ± 1.2 NA 1, 3[ 2

(3) Blood pressure

(3a) 48/28 rather than 70/35 mmHg 1.7 ± 1.2 0.7 ± 1.0 \0.001

(3b) 58/30 rather than 85/40 mmHg 1.5 ± 1.3 0.7 ± 0.9 0.001

(4) CVP = 2 mmHg, urine output = 0 in past hr 1.1 ± 1.2 0.4 ± 0.8 1.2 ± 1.3 0.6 ± 0.9 1, 3[ 2; 3[ 4

(5) Adrenaline increased to 0.2 mcg/kg/min 1.3 ± 1.2 0.5 ± 0.8 1.2 ± 1.2 0.6 ± 1.0 1[ 2, 4; 3[ 2

(6) Blood lactate: 6.8 rather than 1.5 mmol/L 1.7 ± 1.1 1.0 ± 1.0 1.9 ± 1.3 1.0 ± 1.1 1, 3[ 2, 4

(7) Mixed venous O2 saturation (SvO2)

(7a) SvO2: 45 % rather than 70 % 1.9 ± 1.2 2.0 ± 1.3 0.50

(7b) SvO2: 25 % rather than 55 % 1.2 ± 1.0 1.3 ± 1.1 0.62

(8) The child is actively bleeding 2.1 ± 1.2 0.9 ± 1.0 2.1 ± 1.2 1.0 ± 1.0 1, 3[ 2, 4

(9) The child is on ECMO 2.1 ± 1.5 0.6 ± 1.4 2.3 ± 1.4 0.8 ± 1.4 1, 3[ 2, 4

(10) Hemodynamically unstable patient (part B of each scenario) 2.2 ± 1.3 1.2 ± 1.0 2.3 ± 1.3 1.4 ± 1.1 1, 3[ 2, 4

CVP central venous pressure, ECMO extracorporeal membrane oxygenation, FiO2 fraction of inspired oxygen, Hb hemoglobin, Hr hour

SaO2 arterial oxygen saturation. All clinical determinants increase significantly the threshold Hb

� p values report comparison(s) between two scenarios for each determinant of instability; when the same determinant was compared between

more than two scenarios, post hoc pairwise comparisons were performed using Tukey’s HSD test to account for multiplicity. Statistically

significant contrasts are shown. For example, for lactate, 1, 3[ 2, 4 means that the Hb level in scenario #1 was higher than in #2 and #4, that the

Hb level in scenario 3 was higher than in #2 and #4, and that the difference was statistically significant (p\ 0.05)
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Whether there is a benefit to transfusing whole blood

versus packed red cells or an optimal length of blood

storage time remains a question of interest in this popula-

tion. In this survey, 96 % of respondents state that they use

packed red cells rather than whole blood. Twenty-two

respondents (49 %) reported that there was a policy to use

‘‘fresh’’ RBC units transfused to their cardiac patients

(Table 2), though 77 % stated that they did not know the

average length of red cell storage prior to transfusion.

Spinella [26] asked the same question to American blood

bankers and pediatric intensivists: Most children’s hospi-

tals (C40 %) responded that they use RBC units stored less

than 8 days in pediatric cardiac patients. It would be

interesting to compare the outcomes of pediatric cardiac

patients who received or did not receive RBC units stored

less than a week.

One strength of this study is that we reached physicians

across Canada involved in the postoperative care of pedi-

atric cardiac surgery patients; our results represent national

practice. The questionnaire’s scenarios were well validated

and identified the most important determinants for practi-

tioners. More importantly, this is the first survey of Hb

transfusion threshold in pediatric cardiac surgery. There

are, however, limitations to this study. Although consid-

erable efforts were made to reach every physician provid-

ing postoperative cardiac PICU care in Canada, some may

not have been reached. Survey response rate was 58 %.

While it is possible that many of the non-respondents were

not in fact direct participants in postoperative ICU patient

care, we were not able to confirm this through this study.

Systematic reviews of postal questionnaires reported a

mean response rate of 54 % [27] to 61 % [28] for physi-

cians. Our rate would be considered good, though not

optimal, by experts in the field [29]. The results of this

survey must be interpreted cautiously because its sample

size is small. Furthermore, our results may not represent

practice in other countries. Finally, generalizability of

stated practice to actual practice is limited by desirability

bias and the challenge to create scenarios that fully capture

the complexity of real life cases.

In conclusion, there is a wide variation in reported RBC

transfusion practice among Canadian physicians treating

postoperative pediatric cardiac surgery patients in the ICU.

Presence of cyanotic lesion and clinical determinants of

instability, but not patient age, increased stated Hb trans-

fusion threshold.
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Québec, Grant #24460 for the support of our study.

Compliance with Ethical Standards

Conflict of interest The authors declare that they have no conflict of

interest.

Ethical Approval All procedures performed in studies involving

human participants were in accordance with the ethical standards of

the institutional and/or national research committee and with the 1964

Helsinki declaration and its later amendments or comparable ethical

standards.

Human and Animal Rights This article does not contain any studies

with animals performed by any of the authors.

Informed Consent The return of a completed survey was considered

to indicate consent to participate, as per institutional ethics committee

guidance.

References

1. Keung CY, Smith KR, Savoia HF, Davidson AJ (2009) An audit

of transfusion of red blood cell units in pediatric anesthesia.

Pediatr Anesth 19:320–328. doi:10.1111/j.1460-9592.2009.029

39.x

2. Hendrickson JE, Hillyer CD (2009) Noninfectious serious haz-

ards of transfusion. Anesth Analg 108:759–769. doi:10.1213/ane.

0b013e3181930a6e

3. Zubair AC (2009) Clinical impact of blood storage lesions. Am J

Hematol 85:117–122. doi:10.1002/ajh.21599

4. Vamvakas EC, Blajchman MA (2007) Transfusion-related

immunomodulation (TRIM): an update. Blood Rev 21:327–348.

doi:10.1016/j.blre.2007.07.003

5. Kipps AK, Wypij D, Thiagarajan RR et al (2011) Blood trans-

fusion is associated with prolonged duration of mechanical ven-

tilation in infants undergoing reparative cardiac surgery. Pediatr

Crit Care Med 12:52–56. doi:10.1097/PCC.0b013e3181e30d43

6. Salvin JW, Scheurer MA, Laussen PC et al (2011) Blood trans-

fusion after pediatric cardiac surgery is associated with prolonged

hospital stay. Ann Thorac Surg 91:204–210. doi:10.1016/j.athor

acsur.2010.07.037
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