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Objectives: To describe the use of hemostatic transfusions in chil-
dren following cardiac surgery with cardiopulmonary bypass and the
association of hemostatic transfusions postoperatively with clinical
outcomes.

Design: A retrospective cohort study.

Setting: PICU of a tertiary care center from 2011 to 2017

Patients: Children 0-18 years old undergoing cardiac surgery with
cardiopulmonary bypass.

Interventions: None.

Measurements and Main Results: Four-hundred twenty children
underwent cardiac surgery with cardiopulmonary bypass. The median
(interquartile range) age was 0.8 years (0.3-5 yr) and 243 (58%)
were male. The majority of cases were classified as Risk Adjustment
for Congenital Heart Surgery 2 (223, 564%) or Risk Adjustment for
Congenital Heart Surgery 3 (124, 30%). Twenty-four percent of chil-
dren (102/420) received at least one hemostatic transfusion with the
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most common first product being platelet transfusions (47/102), fol-
lowed by plasma (44/102), and cryoprecipitate (11/102). The children
who received hemostatic transfusions were younger (p = 0.006), had
lower body weights (p = 0.004), less likely to be their initial operation
with cardiopulmonary bypass (p = 0.003), underwent more complex
surgeries (p = 0.001) with longer bypass runs (p < 0.001), and had
more use of hypothermic circulatory arrest (p = 0.014). The receipt of
hemostatic blood products postoperatively was independently associ-
ated with more days of mechanical ventilation (p < 0.001) and longer
PICU lengths of stay (p = 0.001) but not with time receiving vasoac-
tive mediations (p = 0.118) or nosocomial infections (p = 0.299).
Conclusions: Nearly one-quarter of children undergoing cardiac repair
with cardiopulmonary bypass receive hemostatic transfusions post-
operatively. These blood products are independently associated with
worse clinical outcomes. Larger studies should be performed to deter-
mine the hemostatic efficacy of these products, as well as to clarify
associated morbidities, in order to inform proper blood management.
Key Words: cardiopulmonary bypass; critical iliness; pediatrics;
plasma; platelet transfusions

hildren who require cardiac surgery with cardiopulmo-

nary bypass (CPB) have a significant risk of bleeding due

to impaired hemostasis (1). Their diminished ability to
clot is multifactorial and may result from circuit-induced platelet
dysfunction, hemodilution, induced hypothermia and required
anticoagulation (2-5). In response to bleeding or concern for
the risk of bleeding, many cardiac anesthesiologists and pediat-
ric intensivists often prescribe hemostatic blood products, such as
platelet concentrates, plasma, or cryoprecipitate, either intraop-
eratively or postoperatively (6).

Although these products may offer therapeutic benefits, hemo-
static transfusions have been associated with increased morbidity
and mortality in critically ill children including increased organ
dysfunction, length of stay, and the development of nosocomial
infections (7, 8). Few studies have examined the epidemiol-
ogy of hemostatic transfusions, specifically in pediatric patients
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undergoing CPB, and most of the work to date has focused on
intraoperative blood use (9-11). Furthermore, although RBC
transfusions have been associated with increased mortality and
perioperative morbidity in adults undergoing CPB (12), few
studies have examined the associations between the receipt of
hemostatic transfusions postoperatively and clinical outcomes in
children undergoing CPB. Although some blood product replace-
ment may be required for hemostasis, a greater understanding of
the morbidities associated with the receipt of hemostatic transfu-
sions may help guide clinicians’ transfusion decisions or develop-
ment of postoperative transfusion guidelines.

In this study, we sought to describe the use of hemostatic trans-
fusions in children following cardiac surgery with CPB and the
association of hemostatic transfusions postoperatively with clini-
cal outcomes.

MATERIALS AND METHODS

Population and Setting

We performed a retrospective cohort study of all children 18
years old who underwent cardiac surgery with the use of CPB at
a single, academic tertiary center from 2011 to 2017. The study
was approved by the Institutional Review Board at Weill Cornell
Medicine. All children were transferred to a 20-bedded mixed
(medical and cardiac) PICU postoperatively. In general, the per-
fusion team primed the CPB circuit intraoperatively with RBCs if
the patient was less than 10kg and added plasma when children
were less than 3 kg. Otherwise, for larger children, the circuit was
primed with crystalloid as in adults. Prior to initiation of CPB,
therapeutic anticoagulation with heparin was dosed centrally (400
U/kg) and reversed after separation from CPB with protamine
(6 mg/kg) with additional protamine given if initial dose did not
adequately bring the activated clotting time to the baseline value
measured prior to initial heparin administration. A formal trans-
fusion algorithm was not used, and blood products were given
based on the clinical scenario, specifically hemodynamic moni-
toring and arterial blood gas hemoglobin and hematocrit values.
Since viscoelastic data have not been extensively studied in the
pediatric population, it was not used to guide transfusion in the
intraoperative period. All children had a mediastinal drain that
communicated with one or both pleural spaces (at the discretion
of the cardiothoracic surgeon) but did not communicate with the
peritoneum. All output from the surgical drain was recorded in
the electronic medical record from the time of admission to the
PICU. Children who required extracorporeal life support or died
within the first 24 hours following surgery were excluded.

Patient demographics, surgical details, postoperative bleed-
ing, transfusions, and clinical outcomes were extracted from the
electronic medical record. Surgical complexity was captured by
Risk Adjustment for Congenital Heart Surgery (RACHS) scor-
ing (13). Hemostatic transfusions were defined as platelet con-
centrates, plasma concentrates, and cryoprecipitate. No formal
transfusion protocols were in place in the PICU; transfusions
were prescribed at the discretion of the pediatric intensivist based
on the bleeding observed in the mediastinal drain and labora-
tory values. No viscoelastic testing was used to guide transfusion
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therapy postoperatively. Clinical outcomes of interest included
length of mechanical ventilation, length of treatment with vasoac-
tive medications, PICU length of stay, thrombotic complications,
development of nosocomial infections, and in-hospital mortality.
Thrombotic complications included stroke and clinically symp-
tomatic deep venous thrombosis (DVT) and/or pulmonary embo-
lism. Nosocomial infections were defined as a positive culture
(blood, urine, respiratory, wound) secondary to central line-asso-
ciated bloodstream infections, catheter-associated urinary tract
infections, surgical site infections, or ventilator-associated pneu-
monia or a positive respiratory viral panel in the setting of new
respiratory symptoms. Study data were managed using Research
Electronic Data Capture tools hosted at Weill Cornell Medicine.

Statistical Analysis

Demographic and clinical characteristics were described as # (%)
or median and interquartile range (IQR), as appropriate. Children
who received hemostatic transfusions were compared to children
who did not receive hemostatic transfusions by chi-square test/
Fisher exact tests or Wilcoxon rank-sum tests. To examine receipt
of hemostatic blood products with outcomes, multivariable linear
and logistic regressions were constructed; models for all outcomes
adjusted for patient age, RACHS score, CPB time, and blood loss
within the first 4 hours postoperatively. All p values were two-
sided with statistical significance evaluated at the 0.05 alpha level.
All analyses were performed in R Version 3.5.3 (R Foundation for
Statistical Computing, Vienna, Austria).

RESULTS

Use of Hemostatic Transfusions
Four-hundred twenty children were included. The median (IQR)
age of the children was 0.8 years (0.3-5 yr) and 243 (58%) were
male. The majority of the cases were classified as RACHS 2 (223,
54%) or RACHS 3 (124, 30%). Intraoperative records were located
in 95% of the cases (399/420). Nearly all patients received either
aminocaproic acid (87%, 348/399) or tranexamic acid (6%,
24/399). One patient received factor VIIa and no children received
prothrombin complex concentrate or von Willebrand factor. The
median (IQR) dose of protamine received intraoperatively was
7.0mg/kg (5.9-8.4mg/kg). One-hundred two children (24%)
received hemostatic transfusions postoperatively. Of the differ-
ent blood products given first, children most commonly received
platelet concentrates (46%), followed by plasma (43%) and cryo-
precipitate (11%). Of the 102 children who received hemostatic
transfusions, 45 (44%) received a second transfusion (17 received
platelets, 14 received plasma, and 14 received cryoprecipitate).
Nineteen children received a third transfusion (eight received
platelets, six received plasma, and five received cryoprecipitate).
In total, the median (IQR) doses of hemostatic products were
as follows: platelets 10mL/kg (9-14mL/kg); plasma 10mL/kg
(10-15mL/kg); and cryoprecipitate 5mL/kg (3-5mL/kg). In addi-
tion to hemostatic transfusions, one child received factor VIla and
no children received tranexamic acid postoperatively.

Table 1 describes the demographics and surgical character-
istics of the two groups. The children who received hemostatic
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TABLE 1. Demographics and Surgical Characteristics of Children Undergoing Cardiac Surgery

With Cardiopulmonary Bypass

Received Hemostatic

Did Not Receive Hemostatic

Variables Transfusion (n = 102) Transfusion (n = 318)
Age (yr), median (IOR) 0.5 (0.2-2.8) 1.0 (0.3-5.4) 0.006
Sex (male), n (%) 58 (57) 185 (58) 0.880
Weight (kg), median (IQR) 6.5 (4.4-12.5) 85 (5.1-19.2) 0.004
Initial cardiac surgery, n (%) 62 (61) 243 (77) 0.003
RACHS score, n (%) 0.001

RACHS 1 8@ 51 (16)

RACHS 2 60 (59) 163 (62)

RACHS 3 33(32) 91 (29)

RACHS 4 6 (6) 10(3)
Length of cardiopulmonary bypass (min), median (IQR) 103 (72-150) 70 (51-1092) <0.001
Use of hypothermic circulatory arrest, n (%) 12.(192) 14 (4) 0.014

IQR = interquartile range, RACHS = Risk Adjustment for Congenital Heart Surgery.

transfusions were younger (p = 0.006), had lower body weights
(p = 0.004), less likely to be their initial repair (p = 0.003), under-
went more complex repairs (p = 0.001) with longer bypass runs
(p < 0.001), and had more use of hypothermic circulatory arrest
(p = 0.014). The children who received hemostatic transfu-
sions had significantly more bleeding at all recorded time points
(p < 0.001) as depicted in Figure 1. Specifically, in the first hour
after admission to the PICU during which time the majority of the
blood products were transfused, the children who received hemo-
static transfusions had a median (IQR) blood loss of 3.4 mL/kg/hr
(1.8-5.3mL/kg/hr) as compared to a median (IQR) blood loss of
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Figure 1. Blood loss from mediastinal drains following admission to PICU.
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1.4mL/kg/hr (0.8-2.6 mL/kg/hr) (p < 0.001) in those who did not
receive hemostatic transfusions.

Clinical Outcomes

In the overall cohort, the median (IQR) length of mechanical ven-
tilation was 1 day (0-4 d), the median (IQR) length of vasoactive
therapy was 1 day (0-3 d), and the median (IQR) length of PICU
stay was 5 days (4-8 d). Forty-five children (11%) developed noso-
comial infections and 16 children (4%) had thrombotic complica-
tions (13 DVTs, three strokes). One patient died.

A comparison of the clinical outcomes between the two groups
is presented in Table 2. Children who received hemostatic trans-
fusions had more days of mechanical ventilation (p < 0.001), more
days of vasoactive therapy (p < 0.001), longer PICU length of stay
(p < 0.001), more nosocomial infections (p = 0.005), and more
thrombotic complications (p = 0.002). To examine the indepen-
dent association between the receipt of hemostatic transfusions
and each of the clinical outcomes, multivariate regressions were
performed, each adjusting for patient age, RACHS score, CPB
time, and blood loss within the first 4 hours postoperatively. The
receipt of hemostatic blood products postoperatively was inde-
pendently associated with more days of mechanical ventilation
(p < 0.001) and a longer PICU length of stay (p = 0.001) but not
with the time receiving vasoactive mediations (p = 0.113) or
nosocomial infections (p = 0.299) (Table 3). The prevalence of
thrombotic complications was too low in the cohort to analyze its
association with the receipt of hemostatic transfusions.

DISCUSSION

Children undergoing cardiac repair with CPB are at high risk of
bleeding and receive hemostatic transfusions frequently following
their surgeries. Nearly one-quarter of the children received at least
one hemostatic product with platelet concentrates and plasma
being the most common. Over 10% of the children received two
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Clinical Outcomes

TABLE 2. Clinical Outcomes of Children Undergoing Cardiac Surgery With Cardiopulmonary Bypass

Received Hemostatic
Transfusion (n = 102)

Did Not Receive Hemostatic
Transfusion (n = 318)

Days of mechanical ventilation, median (IQR) 3.0 (1.0-6.8) 1.0 (0-3.0) <0.001
Days of vasoactive therapy, median (IQR) 3.0 (1.0-5.0) 0 (0-3.0) < 0.001
PICU length of stay, median (IQR) 75 (5.0-12.0) 5.0 (4.0-70) <0.001
Nosocomial infection, n (%) 19 (19) 26 (8) 0.005
Thrombotic complication, n (%) 10 (10) 6 (2) 0.002

IQR = interquartile range.

hemostatic transfusions and nearly 5% received three. The chil-
dren who received platelet concentrates, plasma, or cryoprecipi-
tate were younger and underwent more complicated repair, with
longer times on CPB and more use of hypothermic circulatory
arrest. After adjusting for age, surgical complexity, CPB time, and
blood loss postoperatively, the receipt of hemostatic transfusions
was independently associated with a longer time of mechanical
ventilation and longer PICU length of stay.

The rates of transfusion of hemostatic products reported here
are lower than previously described, which range from 30% to
60% (6, 7, 14). The discrepancy may be secondary to an older
population (some previous studies focused on infants alone) or
less surgical complexity. The median blood loss of our patients in
the first 4 hours following surgery was lower than previous reports
(6, 10, 11) and would not be considered severe according to a
recent consensus definition of bleeding particularly applicable to
critically ill children (15). Last, the difference in rates of transfu-
sion may be the result of practitioner cognizance of patient blood
management principles.

We demonstrated that platelet concentrates are the most com-
mon blood product first transfused to children following CPB. The
prescription of platelet concentrates makes physiologic sense in an
effort to correct the hemodilution and platelet dysfunction induced
by the CPB circuit (16). Theoretically, platelet concentrates have
been shown to be the superior blood component to correctimpaired
thrombin generation ex vivo in this pediatric population (17).
The hemostatic efficacy of plasma and cryoprecipitate is less clear

TABLE 3. Independent Association of the
Receipt of Hemostatic Blood Products With
Clinical Outcomes

Adjusted OR or 8

Clinical Outcomes Coefficient (95% CI) P

Days of mechanical ventilaton f=2.23 (1.01-3.45) < 0.001
Days of vasoactive therapy p=057(-0.13t0 1.27) 0.113
PICU length of stay f=228(0.84-3.34) 0.001
Nosocomial infection OR =153 (0.69-3.39) 0.299

OR = odds ratio.

Reported as adjusted OR or beta regression coefficient. Model adjusted for
age, Risk Adjustment for Congenital Heart Surgery-1 score, cardiopulmonary
bypass time, and blood loss in the first 4 hr. The association with thrombotic
complications could not be assessed due to low prevalence.
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(18, 19). In an observational study of 75 children undergoing CPB,
the transfusion of cryoprecipitate after platelet concentrates was
more efficacious when compared to plasma after platelet transfu-
sions (20). Furthermore, other products, such as fibrinogen con-
centrate (21), prothrombin complex concentrate (22), and whole
blood (23), may be equally, if not more effective, in hemostasis in
children following CPB.

Previous studies in this pediatric population have examined
the relationship between the receipt of plasma and the prevalence
of nosocomial infection (14, 24). Although immunomodulatory
effects have been observed in critically ill children who receive
blood products (25), in the most recent report of 233 infants
who underwent cardiac repair with CPB (94 of whom received
plasma), no association was seen between the receipt of plasma
and nosocomial infections after propensity score matching (14).
Although the association of RBC transfusions and clinical out-
comes in adults undergoing CPB has been studied extensively
(26-28), little work has been done to explore similar outcomes in
either adults or children receiving hemostatic products following
CPB. Likewise, the receipt of RBC transfusions has been strongly
associated with the development of thrombotic complications in
adult surgical patients (29), and our findings suggest that there
may be a similar association in children undergoing CPB. These
results provide initial epidemiologic associations that should be
further explored in larger cohorts.

There are several strengths to this study. This work not only
details the use of platelet concentrates, plasma, and cryoprecipi-
tate postoperatively but importantly collects information on chil-
dren who did not receive hemostatic transfusions. By doing so,
we were able to relate the receipt of these products with several
relevant clinical outcomes in children undergoing cardiac surgery
with CPB. In addition, bleeding and hemostatic transfusions are
closely related and often collinear in analyses (30). However, we
were able to adjust for bleeding in our multivariate model and
examine the association of hemostatic transfusions, separate from
bleeding itself, on clinical outcomes.

Some limitations exist. The study is observational and, as such,
can only demonstrate associations and not causations. Although
the sample size is relatively large, the data are retrospective and
come from a single center. Children with highly complex surger-
ies (RACHS 5 and 6) were not included, and therefore, the results
may not be generalizable. Children undergoing CPB are highly
complex patients, and there may have been some unmeasurable
factors or components of their care, including intraoperative

2020 * Volume 2 » e0172



transfusions, which were not collected that may have impacted the
clinical outcomes. Pathogen-reduced plasma and platelets were
introduced during the end of the study and may have affected
either hemostatic eflicacy and/or clinical outcomes.

CONCLUSIONS

Nearly one-quarter of the children undergoing cardiac repair with
CPB receive hemostatic transfusions postoperatively. These blood
products are associated with worse clinical outcomes. Larger
observational studies and clinical trials should be performed to
determine the hemostatic efficacy of these products, as well as to
clarify associated morbidities, in order to inform proper blood
management in these children.
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