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Abstract

BACKGROUND—Neonates receiving extracorporeal membrane oxygenation (ECMO) support
are transfused large volumes of red blood cells (RBCs) and platelets (PLTs). Transfusions are
often administered in response to specific, but largely unstudied thresholds. The aim of this study
is to examine the relationship between RBC and PLT transfusion rates and mortality in neonates
receiving ECMO support.

STUDY DESIGN AND METHODS—We retrospectively examined outcomes of neonates
receiving ECMO support in the neonatal intensive care unit (NICU) for respiratory failure between
2010 and 2016 at a single quaternary-referral NICU. We examined the association between RBC
and PLT transfusion rate (mL per kg per day) and in-hospital mortality, adjusting for confounding
by using a validated composite baseline risk score (Neo-RESCUERS).

RESULTS—Among the 110 neonates receiving ECMO support, in-hospital mortality was 28%.
The median RBC transfusion rate (mL/kg/d) after cannulation was greater among non-survivors,
compared to survivors: 12.4 (IQR 9.3-16.2) versus 7.3 (IQR 5.1-10.3), p < 0.001. Similarly, PLT
transfusion rate was greater among non-survivors: 22.9 (9.3-16.2) versus 12.1 (8.4-20.1), p =
0.02. After adjusting for baseline mortality risk, both RBC transfusion (adjusted relative risk per 5
mL/kg/d increase: 1.33; 95% CIl 1.05-1.69, p = 0.02) and PLT transfusion (adjusted relative risk
per 5 mL/kg/d increase: 1.12; 95% CI 1.02-1.23, p = 0.02) were both associated with in-hospital
mortality.
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CONCLUSIONS—RBC and PLT transfusion rates are associated with in-hospital mortality
among neonates receiving ECMO. These data provide a basis for future studies evaluating more
restrictive transfusion practices for neonates receiving ECMO support.

Blood transfusion is a frequent and necessary practice in neonates receiving extracorporeal
membrane oxygenation (ECMO) due to frequent laboratory sampling, clinical bleeding, and
the need to support tissue oxygen delivery.1:2 Guidelines provided by the Extracorporeal
Life Support Organization (ELSO) recommend the maintenance of a target hematocrit (Hct)
of 40% for neonatal ECMO patients, which typically leads to recurring red blood cell (RBC)
transfusions.3 Overall, there exists an absence of data from clinical trials examining
transfusion practices in critically ill term neonates, including those supported by ECMO.
Thus, appropriate thresholds for RBC transfusion are uncertain, with many ECMO centers
using center-specific thresholds for transfusions in response to studies reporting associations
between a greater transfusion volume and increased morbidity and mortality in this
population.> In addition, recent studies suggest that a more restrictive approach may be
safe and adequately support neonates undergoing ECMO support>:6

Similarly, platelet transfusions are commonly administered due to persistent consumption of
platelets in the neonatal ECMO circuits coupled with the patient’s underlying disease
process.”11 Bleeding complications on ECMO are an important and frequent source of
mortality and this leads to higher thresholds for platelet transfusion for patients undergoing
ECMO support as compared to other critically ill patients.12 ELSO recommends
maintenance of a platelet threshold of 100,000/uL, which is above common thresholds for
other critically ill populations. However, a recently published clinical trial in preterm infants
showed that a lower platelet transfusion of 25,000/uL in preterm infants, compared to
50,000/uL, improved survival without increased bleeding, suggesting that more restrictive
platelet transfusion practices could be used safely in critically-ill neonates.13 Unfortunately,
data regarding platelet transfusion thresholds and bleeding risk in neonatal ECMO is poorly
defined.12.14

Overall, the lack of data to support RBC and platelet transfusions during neonatal ECMO
has led to variability in clinical practice and uncertainty surrounding best practices.1® Thus,
we examined the relationship between RBC and platelet transfusions and in-hospital
mortality in a population of neonates undergoing ECMO for hypoxic respiratory failure,
while controlling for baseline risk of the population using a validated risk score.

MATERIALS AND METHODS

Neonates (less than 28 days) requiring ECMO for respiratory failure in the Level IV NICU
at Children’s Healthcare of Atlanta at Egleston between January 1, 2010 and December 1,
2016 were identified through a retrospective chart review of the institutional ECMO
database; supplemental information was gathered from individual medical records. Patients
undergoing ECMO support met our institution specific criteria for ECMO (Table S1,
available as supporting information in the online version of this paper), and all patients
treated during the time period were included in the study.1® The institutional review boards
at Emory University School of Medicine and Children’s Healthcare of Atlanta approved this
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study. For neonatal ECMO, we primarily utilize veno- venous (VV) cannulation for hypoxic
respiratory failure and routinely insert a cephalic drain (+V) at cannulation. In priming the
ECMO circuit, we provide 1 or 2 units of packed RBCs (to a volume of 350 mL); albumin,
calcium gluconate, sodium bicarbonate and heparin (100 units) are also added. A quarter of
an apheresis platelet unit is given immediately after initiation of ECMO flow, fresh frozen
plasma (FFP) is not routinely given as part of ECMO initiation. RBC used for ECMO are
leukoreduced, irradiated, and less than 5 days old. Platelets used are irradiated and apheresis.
For subjects undergoing ECMO during the study period, “traditional” thresholds for
reflexive transfusion of blood products were utilized including maintenance of an Hct >
40%, platelet count >100,000/uL, Fibrinogen level > 100 mg/dL and these were included in
routine ECMO order sets. Transfusion of FFP (as for an elevated PT/INR) is not protocol-
based and occurs at the discretion of the attending physician. These institutional guidelines
and order sets were consistent during the study period. Transfused volumes of RBCs,
platelets, FFP and cryoprecipitate during ECMO support, excluding the volume needed to
prime the ECMO circuit, were collected from medical records. A substantial portion of the
patients had congenital diaphragmatic hernia (CDH) and these patients are not typically
repaired on ECMO at our institution.

Neo-RESCUERS score, a validated illness-severity index for neonatal respiratory failure
patients receiving ECMO, was calculated as described (http://www.neo-rescuers.com).1’
Briefly, the score is comprised of the following pre-ECMO factors: pH, PaO,, birth weight,
gestational age, postnatal age, sex, primary diagnosis (e.g., meconium aspiration syndrome,
CDH), presence of comorbidity, pre-ECMO renal failure and pre-ECMO inhaled nitric
oxide. This allowed multiple important risk factors that influence neonatal ECMO survival
to be included into a single composite, validated risk score.

We specified the primary exposure of interest as transfusion volume after the first 24 hours
of ECMO, to assess transfusions that were given once the patient was at a steady state and
typically for pre-defined ECMO thresholds. We normalized volume to birth weight and days
of ECMO, as these two variables, in addition to the Neo-RESCUERS score, are important
potential confounders as longer duration of ECMO is associated with increased blood
product exposure and increased mortality.> The primary outcome was defined as death
before hospital discharge.

Statistical analysis

Continuous variables were described using median and interquartile ranges and compared
using the Wilcoxon rank-sum test. Categorical variables were compared using the 2 or
Fisher’s exact tests for event rates <5. Violin plots were used to depict the distribution of the
primary exposures of interest by outcome groups (survivors vs. non-survivors) and the
probability density of the data. Poisson regression with robust standard errors was used to
estimate relative risks of mortality.18 Multivariable analysis was conducted to adjust for
confounding by illness severity by using a single continuous composite risk score (Neo-
RESCUERS), which was specified as a continuous variable in the model with each
individual study exposure of interest (RBC transfusion rate and platelet transfusion rate after
24 hours of ECMO). An additional model combined both RBC and platelet transfusion rates
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to determine the independent contribution of each blood component. Correlation between
both RBC and platelet transfusion rates was assessed using the Spearman correlation
coefficient and linear regression.

RESULTS

During the study period, 110 neonates received ECMO support for primary respiratory
failure. Cohort demographics are described in Table 1. Seventy-nine (72%) subjects survived
to hospital discharge. Non-survivors were more likely to have a diagnosis of CDH, longer
duration of ECMO, and a higher Neo-RESCUERS score. Consistent with prior studies, the
Neo-RESCUERS score had a high discrimination for mortality in this cohort (AUC area
under the receiver operating curve for the Neo-RESCUERS score was 0.74 (95 Cl 0.64—
0.85), highlighting its utility as a tool for risk adjustment.1”

RBC transfusion volume after the first 24 hours and during the ECMO run was significantly
higher in non-survivors (Table 2). Further, transfused platelet and fresh frozen plasma
volumes, but not cryoprecipitate were significantly higher in non-survivors (Table 2 and Fig.
1a, b). Platelet transfusion volume was more than twice that of RBC transfused in both
groups. Relevant complications such as CNS bleeding and ECMO circuit change were also
more common in non-survivors. Documented cannula site bleeding was associated with a
higher rate of RBC transfusion. Likewise, changing of the ECMO circuit was accompanied
by exposure to a larger volume of transfused blood products to prime the circuit; however,
statistically significant associations between RBC transfusion rate and mortality were
maintained after removing subjects who required a circuit change from the analysis
(survivors: median mL/kg/d [interquartile range] 7.1 [4.7-10.1] vs. non-survivors 11.2 [8.0-
14.0]; p=0.02, n = 92).

After controlling for illness severity at ECMO initiation using the Neo-RESCUERS score,
we identified an association between RBC transfusion rate and mortality: Adjusted relative
risk per 5 mL/kg/day increase: 1.33 (95% CI 1.05-1.69) (Table 3). Also, platelet transfusion
rate was associated with mortality risk: adjusted relative risk per 5 mL/kg/d increase 1.12
(95% CI 1.02-1.23). Findings were consistent in additional analyses that adjusted for
cannula site bleeding and central nervous system bleeding (p = 0.047), suggesting these
sources of bleeding were not the sole mediators of the relationship between transfusion rates
and mortality. Estimates of association of each exposure of interest (RBC and platelet
transfusion rate) with mortality were diminished when considering both together in
multivariable analysis, possibly due to a high correlation between RBC and platelet
transfusion rates (Spearman correlation coefficient 0.60, Fig. S1, available as supporting
information in the online version of this paper).

DISCUSSION

The primary goal of ECMO is to support oxygen delivery to vital organs. Maintaining an
adequate hemoglobin content is essential to achieve this goal, and RBC transfusion is

thought to improve oxygen carrying capacity and delivery to tissues. However, emerging
evidence suggests that more liberal transfusion of blood products, particularly RBCs and
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platelets, may increase morbidity and mortality. Along the same lines, moderate to severe
thrombocytopenia increases bleeding risk, including intracranial hemorrhage, but there is
little evidence to support a specific platelet transfusion threshold during ECMO support
where the potential risks of transfusion out-weigh the benefits,13:19-21

In adults, evidence supports restrictive transfusion practices in critically ill patients and
hemoglobin thresholds for RBC transfusion of 7 or 8 g/dL appear safe and may be
associated with improved outcomes.22 Application to adults undergoing ECMO suggests
that restrictive transfusion practices are safe, although substantial variability in practice
exists.11:23.24 Similar results have been observed in critically ill pediatric patients, where
restrictive transfusion strategies are now routinely employed.25:26 |_ess data is available for
pediatric and neonatal ECMO populations.

A number of non-randomized studies have reported an association between RBC transfusion
and mortality in pediatric and neonatal ECMO patients.2>27 The observational study
designs make causal inference challenging as it is difficult to determine whether the
mortality risk associated with blood product administration is direcdy attributable, reflects
greater disease burden, or indirectly relates to complications of fluid overload, pulmonary
edema, and inflammation.28:2%9 As expected, non-survivors in our study had a higher pre-
ECMO mortality risk as indicated by a higher baseline Neo-RESCUERS scores; however
the association between RBC or platelet transfusion rate and mortality persisted after risk
adjustment. Further, our reported transfusion volumes were lower than previous reports
suggesting that the association of RBC transfusion with mortality may occur regardless of
the approaches to RBC transfusion utilized.2:27

Limited data suggests that liberal transfusions do not result in a clear benefit and that
restrictive transfusion approaches do not lead to increased harm.® Fiser et al. demonstrated
that less than 10% of RBC transfusions lead to an increase in SVO, or cerebral perfusion in
pediatric ECMO patients (for a median Hct of 36%).30 These observations suggest that RBC
transfusions do not improve cerebral oxygenation. A recent report demonstrated that
targeting a lower threshold for transfusion (35% instead of 40%) was not associated with

adverse events in a group of 35 neonatal ECMO patients, but did result in fewer transfusions.
6

Bleeding complications on ECMO are common and underscore the need for RBC
transfusion and maintenance of clotting and platelet function. ELSO and the American
Association of Blood Banking (AABB) recommend maintenance of platelets above 100,000/
uL, which is thought to provide adequate primary hemostatis.1:34:31 Platelet loss and/or
consumption is common in ECMO patients. Christensen et al. described a population of
more than 47,000 NICU patients of which only 45 received more than 20 platelet
transfusions and 21 (47%) of these patients were on ECMO.”:20

Within our cohort, platelet transfusion volume was substantially higher than RBC or other
blood products and was also associated with increased mortality. Intracranial hemorrhage
(ICH) was more common in this group; however, the incidence of ICH did not correlate with
the severity of thrombocytopenia as only one of these patients had a platelet count <50,000/
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uL, which occurred 4 days prior to the ICH. As per protocol, the thrombocytopenia was
treated with several platelet transfusions, which did not prevent a bleeding complication in
this patient.

Platelet count alone is an unreliable indicator of bleeding risk.32 In critically ill neonates
with severe thrombocytopenia (<50,000/uL), the degree of thrombocytopenia was not
associated with mortality or the occurrence of central nervous system, gastrointestinal, or
pulmonary hemorrhage; however, the number of platelet transfusions predicted mortality and
hemorrhage.2 An increasing appreciation for the immunomodulatory and pro-inflammatory
effects of platelets may underscore the increased morbidity and mortality associated with
donor platelets.28:29 Much like RBC transfusions, the benefits of reflexive platelet
transfusion are unclear, and determining the number of platelets needed to limit unwanted
bleeding has not been established and likely varies between patients.12.14

The retrospective nature of this study presents several limitations, not the least of which is
that indications for transfusion beyond the set transfusion threshold are not documented. The
Neo-RESCUERS score includes factors such as gestational age, that affect the risk for
bleeding, but does not account for ongoing coagulopathy or baseline hematologic
parameters. Patients with complications known to effect outcome, such as documented
bleeding and the need for a circuit change, both received a higher transfusion volume and
were more likely to die. Because we could not account for all confounding factors in our
multivariable analysis, residual confounding is possible. Based on our study we cannot
conclude that more liberal RBC or platelet transfusion is harmful, rather that there is not
clear evidence of benefit, supporting the rationale for additional evaluation of more
restrictive transfusion strategies. Further, analysis of models including both RBC transfusion
rate and platelet rate should be viewed cautiously given the collinearity in these variables.
Finally, we were unable to determine adherence to default transfusion order sets and
therefore, cannot exclude the possibility of deviation from default thresholds in select
patients.

CONCLUSIONS

In summary, our data suggests that the rate of RBC and platelet transfusions administered
during neonatal ECMO is associated with increased mortality. These findings provide a
basis for additional studies, including clinical trials, to determine optimal transfusion
practices in this critically ill population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
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Red blood cell and platelet transfusion rate after 24 hours by survival status. Violin plots
depict the distribution of transfusion rates, by blood component and survival status. Each dot
represents data from one infant, with the dotted lines indicating 25th and 75th percentiles
and the solid line the median value for each group. The probability density of the data is
reflected by the curved kernel density around the data points.
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