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Transfusion in children with acute respiratory distress syndrome
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Abstract: Transfusion is a frequent treatment in pediatric patients with acute respiratory distress syndrome
(PARDS) although evidence to support transfusion decision-making is lacking. The purpose of this review
is to review the current state of knowledge on the issue of transfusion in children with PARDS and to detail
the possible beneficial effects and potential deleterious impacts of transfusion in this patient population.
Based on the current literature and recent guidelines, a restrictive red blood cell (RBC) transfusion strategy
(avoidance of transfusion when the haemoglobin level is above 7 g/dL) is indicated in stable patients without
severe PARDS, as these were excluded from the large trials. In children with severe PARDS, further research
is needed to determine if factors other than the haemoglobin level might guide RBC transfusion decision-
making by better characterizing the presence of low oxygen delivery (DO,). Additionally, appropriate
indications for prophylactic transfusion of hemostatic products (plasma or platelets) in children with PARDS

are lacking.
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Introduction This process is accompanied by surfactant dysfunction

o ) ) and alterations in the hemostatic balance that favors a
Pediatric acute respiratory distress syndrome (PARDS) . . . .
procoagulant state possibly leading to micro-thrombi and

pulmonary hypertension (1).
"This clinical condition poses significant threat to patients

of all age groups including children, but several adult ARDS

is a heterogeneous syndrome that involves severe acute
inflammatory lung injury in children and can be triggered
by pulmonary and/or extrapulmonary factors. Although

it represents a relatively small percentage of the total definitions, reported over the last 5 decades, were not

applicable to children (3). In 2015, the Pediatric Acute Lung
Injury Consensus Conference (PALICC) published a pediatric-

number of pediatric intensive care unit (PICU) admissions,
morbidity and mortality associated with ARDS are

significant and clinical management is challenging (1).
ARDS progresses from inflammatory to proliferative
and then fibrotic phases and is characterized by rapidly
progressive hypoxemic respiratory failure caused by
widespread inflammation with injury to the pulmonary
epithelium and endothelium that leads to loss of the
permeability barrier and subsequent alveolar edema (1,2).
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specific definition for ARDS in children, and proposed specific
patient management recommendations for PARDS as well as
priorities for potential future research (1). PALICC included
transfusion among the possible therapeutic approaches,
but emphasized the lack of definitive data to guide the
use of these therapies in patients with PARDS (1,4). The
international Pediatric Acute Respiratory Distress Incidence
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and Epidemiology (PARDIE) study, an observational, cross-
sectional study of new cases of PARDS (based on PALICC
definition), reported an overall prevalence of 3.2% in a
total of 23,280 PICU admissions. Mortality associated
with PARDS varies from 17% to 27%, depending on the
definition used to identify PARDS (1,5,6).

Anemia is a common complication in critically ill patients
and more likely to occur in hypoxemic patients with ARDS
who may require red blood cell (RBC) transfusion as part of
supportive care to improve oxygen transport. Anemia results
from two possible processes: (I) excessive blood loss due to
frequent blood sampling, hemorrhage, or a shortened RBC
circulatory life span and (II) diminished RBC production
believed to be secondary to inflammatory processes leading to
impaired RBC proliferation, iron metabolism, erythropoietin
production, and signaling (7). In addition, patients with
ARDS might also develop thrombocytopenia, coagulation
disorders and other complications that might require
administration of other blood components, including
platelets, plasma and other components (cryoprecipitate,
coagulation factors).

Multiple blood products, both cellular (i.e., RBCs
and platelets) and acellular (fresh-frozen plasma and
cryoprecipitate) products, are transfused in children. RBC
products make up approximately two thirds of transfused
products with the remainder comprised of plasma, platelets,
cryoprecipitate, and granulocytes (8). Data describing
current utilization of blood products and temporal trends
describing the incidence of transfusion in children are
scarce. Some data have reported large decreases in pediatric
transfusions (8) while others report a mild increase in RBC
transfusions in patients less than 18 years of age (9). Data
describing utilization of blood products in children with
PARDS is limited at the present time. It is known that
transfusions are frequent in PICU patients. Data from
before 2010 indicates that at least one RBC transfusion is
administered in 17% to 50% of PICU admissions (10,11);
more recent data on RBC transfusion in PICU is currently
not available. In addition, the incidence of transfusions
of other blood products is less well known (12). One
observational single center study reported an incidence of
7.1% for platelet transfusion in PICU patients (13). Point
prevalence studies have been carried out to estimate the
prevalence of plasma and platelet transfusion in critically
ill children (14,15). More than two-thirds of pediatric
critical care physicians prescribe plasma transfusions for
nonbleeding critically ill children with moderately abnormal
coagulopathy and only 22% of critically ill children receive
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plasma for critical bleeding (14).

Transfusion of blood products in critically ill children
with PARDS is standard of care, especially in those
with severe disease and numerous comorbidities (16).
In the recent years, there has been increasing awareness
concerning transfusion indications and complications in
critically ill children (14,15,17,18). It is also becoming
increasingly evident that pediatric patients have unique
physiologic characteristics that may affect their reactions
to blood products resulting in higher rates of transfusion
reactions compared to adults (19). Inappropriate blood
transfusions can cause harm and sometimes worsen patient
outcomes and among the most frequent adverse effects of
transfusion is the worsening of respiratory function.

An important clinical question therefore frequently arises
for the bedside clinicians: should a patient with PARDS
receive RBCs to improve oxygen delivery (DO,) or be
administered other blood products to correct coagulation
abnormalities, or do the side effects of transfusion outweigh
the potential benefits?

In this comprehensive review we will list the potential
beneficial effects as well as the possible deleterious impact
of transfusion of blood products in critically ill children
with a focus on the respiratory dysfunction and review the
existing evidence for an association between transfusion
and PARDS outcome. This will lead us to formulate some

clinical suggestions on transfusion strategy in patients with
PARDS.

Effect of transfusion on the pulmonary condition
of critically ill children

Potential positive and negative effects of transfusion on the
respiratory function in critically ill children are listed in

Table 1.

Potential beneficial effects of transfusion

The most frequent indications to transfuse RBCs are
restoration of blood volume in hemorrhagic shock and
correction of isovolemic anemia. In critically children, the
most important reason evoked to transfuse RBCs is the
expectation that DO, will improve and thereby prevent
development of shock (anaerobic metabolism) by increasing
oxygen consumption (VO,) (20). Most studies that have
measured the effect of improved DO, have been conducted
in patients with sepsis and have failed to demonstrate a
beneficial effect of RBC transfusion on measured systemic
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Table 1 Schematic listing of reasons in favor or against use of transfusion in children with respiratory dysfunction

Favoring transfusion

Against transfusion

Improvement of oxygen carrying capacity associated with
the rise in hemoglobin

Increased oxygen affinity (due to 2,3-DPG depletion)
Improvement of oxygen delivery (DO,)

Restoration of blood viscosity

Improved hemodynamic status
Improvement of pulmonary hypertension

Improvement of coagulopathy and reduced risk of bleeding
(e.g., pulmonary hemorrhage)

Transfusion-related acute lung injury (TRALI) and possible TRALI; delayed
TRALI

Transfusion-related circulatory overload (TACO)
Respiratory dysfunction associated with transfusion

Regional blood flow impairment (due to structural malformations including
increased rigidity of stored RBCs and release of hemoglobin or nitric oxide
dysregulation)

Risk of ventilator-acquired pneumonia and ventilator-acquired event
Anaphylactic and hemolytic transfusion reactions

Bacterial contamination and transfusion-related sepsis

Transfusion-related immunomodulation (TRIM) and possible increased risk of
infection

Transfusion-associated graft-versus-host disease and transfusion-associated
microchimerism

Risk of prolonged length of stay in ICU

Risk of prolonged ventilation

RBC, red blood cell.

oxygen uptake (21-23). In a small observational study of
adult ARDS patients there was no change in VO, after
transfusion, but an increase in DO, without changes in
cardiac output, as well as an increased mixed venous oxygen
saturation were noted (24). Two reviews have questioned
the possible positive effect of RBC transfusion on tissue
perfusion and tissue oxygenation and could not conclusively
report any benefit with regard to O, consumption (23,25).

Hemodynamic instability might also be a trigger to
transfuse critically ill patients, or to improve volemic status
in patients with high ventilation pressures. Transfusion for
these indications seems to be largely abandoned.

The possible benefit of RBC transfusion on pulmonary
hypertension is also more a matter of clinical judgement
than a scientifically proven indication, as transfusion can in
fact worsen pulmonary hypertension (16).

Common indications for hemostasis-related transfusion in
patients with PARDS include treatment of thrombocytopenia
or coagulopathy, active bleeding as well as prevention of
bleeding (15,18). Although it seems appropriate to try to
prevent pulmonary hemorrhage in patients with PARDS,
there is no evidence to support prophylactic administration
of plasma. Similarly, the majority of platelet transfusions
in critically ill children are given prophylactically to
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nonbleeding patients, with significant variation in platelet
thresholds (15). Appropriate indications for prophylactic
platelet transfusion are currently unclear and it is essential
to determine when the benefits outweigh the side effects.

Potential deleterious impacts

A few studies have been published suggesting that RBC
transfusion in critically ill children with or without acute
lung injury (ALI) or ARDS is associated with increased
morbidity and mortality (11,26). Transfusion can potentially
increase pulmonary morbidity by several mechanisms
leading to inflammatory injury and causing hypoxemia and
respiratory distress. This reaction can lead to a condition
referred to as transfusion-related ALI or TRALI. Classic
TRALI is a syndrome defined by the acute onset (<6 hours
following transfusion) of new hypoxemia (with a PaO,/
FiO, <300 or SpO, <90% on room air), bilateral infiltrates
on chest X-ray, no evidence of left atrial hypertension, no
pre-existing ALI and should have no temporal relationship
with alternative ALI risk factors, if any are present (27).
The epidemiology of TRALI in children is not well known,
because it is frequently underreported (28); consequently,
the reported incidence of TRALI in children varies
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from 2/100,000 transfusions (28) to 6/100,000 (29,30)
to 89/100,000 (31). A higher prevalence of TRALI has
been reported after transfusion of platelets or plasma (31).
Several pathophysiological mechanisms can be involved in
the occurrence of TRALIL Most cases of definite TRALI
in non-critically ill patients were attributable to donor
antibodies that react with leukocytes of the receiver (32).
"This mechanism seems less frequent since selection of blood
donors has been optimized. A second pathophysiological
mechanism of TRALI was first suggested in an animal
model by Silliman ez 4/. to be the result of two hits, similar
to the pathophysiology of ARDS (33). The first hit is
related to the clinical condition of the transfusion recipient,
which is frequently associated with a systemic inflammatory
status during critical illness (34). The second hit on the
pulmonary tissue is caused by pro-inflammatory or bioactive
factors in the plasma fraction of stored blood, such as
lipids, cytokines, leukoagglutinins, or other intrinsic factors
(IL-6, IL-8, leukocyte antibodies, lysophosphatidylcholines).
Both can result in lung damage because of an interaction
of the pulmonary endothelium with activated circulating
neutrophils (31,33,35). A retrospective study observed a
0.5% incidence of 2,660 ARDS cases in 488,381 pediatric
patients following trauma (36). Transfusion was associated
with the occurrence of ARDS after trauma but was not
an independent risk factor. Mulder ez 4l. retrospectively
analysed in 2,015 transfused critically ill children and a
possible association with ALI and observed an incidence of
TRALI of 6.9% (30). Patients with TRALI had significantly
higher mortality (76% vs. 11%, P<0.001) and a longer
median duration of ventilation [183 (interquartile range,
52-282) vs. 25 (0-139) hours, P<0.002], after controlling
for severity of illness; the important variations in this
data suggest the presence of a reporting or detection bias.
Importantly, 90% of the studied patients who developed
TRALI also had another risk factor for ALI (i.e., possible
TRALI which is defined as ALI occurring in the presence
of an alternative risk factor) and there was no subgroup
analysis of the patients with pre-existing ARDS. Mechanical
ventilation at the time of transfusion was an independent
risk factor for developing TRALI (30).

Use of currently available TRALI definitions in critically
ill children is questionable (37) because thresholds for
various criteria are not applicable and because pre-existing
ALI is an exclusion criterion. Respiratory dysfunction,
which is present in more than half the patients that receive a
transfusion in PICU, should not preclude them from being
diagnosed with TRALI (38). For this reason, Kleiber ez al.
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introduced the concept of respiratory dysfunction associated
with RBC transfusion (RDAT) to describe deterioration of
respiratory function after transfusion regardless of baseline
respiratory status (38). Moreover, acute lung inflammatory
injury occurring post transfusion comprises a broad
spectrum that includes classical TRALI, possible TRALI
(see above), and delayed TRALI (occurring between
6-72 hours after transfusion) (39).

The volume of blood products transfused can also have
an adverse effect on the pulmonary condition of critically
ill patients. Transfusion-associated circulatory overload
(TACO) is a more frequent transfusion complication than
TRALI, according to hemovigilance data. De Cloedt ez 4l.
reported an overall incidence of TACO varying from 1.5%
to 76% in PICU, depending on the definition used (40).
TACO is differentiated from TRALI as it is characterised by
signs of fluid overload including tachycardia, hypertension,
pulmonary edema, positive fluid balance and elevated levels
of brain natriuretic peptides (BNP). In critically ill children,
clinical differentiation between TACO and the TRALI-
spectrum is challenging because overlap in the definitions
and pre-existing risk factors are frequently present for both
conditions (41).

Bacterial contamination of stored blood products
resulting in infection as well as the risk of developing
ventilator-associated pneumonia (VAP) or ventilator-
associated events (VAE) are other potential transfusion-
related complications. A recent review article by Muszynski
et al. summarizes current knowledge on transfusion-
related immunomodulation (TRIM) (42). The review
outlines the immunologic response that occurs in critical
illness and provides clinical evidence in support of
immunomodulatory effects of blood product transfusion.
Among the mechanisms that could explain post-transfusion
immunoparalysis is a possible two-hit model, involving
pre-disposing immunologic issues present prior to
transfusion and additional changes occurring following
transfusion (41-45).

Additional risks of transfusion include the possible
development of transfusion-associated graft-versus-host
disease and transfusion-associated microchimerism resulting
from the transfusion of immunocompetent cells (or DNA)
into an immunoincompetent patient (43).

Among other potential transfusion-related complications
are changes in rheology and altered vasoactivity secondary
to dysregulation of nitric oxide (NO). Reynolds et al.
has reported a suppressive effect of transfused RBCs on
S-nitrosothiols (SNO) which could augment ventilation-
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perfusion mismatch and potentially increase pulmonary
vascular resistance due to unopposed vasoconstriction (44).
This too could lead to a worsening oxygenation and a need
for increased ventilatory support leading to increased risk
of ventilator-induced lung injury. Riccio et 4l. found that
RBC renitrosylation by using NO donors is promising in
correcting the deficient properties (e.g., adhesivity, rigidity
and SNO loss) of banked RBCs and in turn improving
outcomes after transfusion (45). More recently some authors
have reported that circulating RBC-derived microparticles
are associated with altered plasma vasoactivity and abnormal
vasoregulation after RBC or plasma transfusion (46,47).

Thus, while transfusions are frequent in PICU, there
are little data that demonstrate a beneficial impact of
RBC transfusion on VO, or on respiratory function in
critically ill children, except in those with very severe
anemia [i.e., a hemoglobin (Hb) level <5 g/dL] in whom
the risk of mortality increases significantly if not transfused
(48-50). Moreover, there is also little data indicating
whether plasma and platelet transfusion for nonbleeding
patients in PICU causes benefit or harm. Contrastingly,
accumulating evidence suggests that transfusions are
associated with a deterioration of respiratory function.
Recognition of these transfusion-related adverse events
remains challenging.

Existing evidence regarding transfusion and
outcome in children with PARDS

The epidemiology of transfusion in PARDS is not well
known and has been studied in a few retrospective studies
(16,51-53) and one large prospective point prevalence
study (6) . Most studies evaluating transfusion in the
intensive care unit have not included patients with pre-
existing ALI/ARDS or were conducted only in adult
patients. In a retrospective cohort study of pediatric patients
with ALI/ARDS, Rajasekaran ez /. retrospectively studied
the course of 34 transfused patients and compared them
to 45 non-transfused control patients admitted to the
PICU (51). They observed that early transfusions within
the first 48 hours in patients with ALI/ARDS were
associated with increased ventilatory needs. Patients
who needed high frequency oscillatory ventilation or
extracorporeal membrane oxygenation (ECMO) in the
first 48 h of mechanical ventilation, who had pulmonary
hypertension or pre-existing multiple organ dysfunction
syndrome (MODS) at intubation were excluded from this
retrospective case-control study. A longer mean duration of
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ventilation and delayed recovery in transfused patients were
observed (15.6£1.7 vs. 9.5£0.6 ventilator days in control,
with P<0.001) (51).

In a retrospective analysis of an epidemiologic cohort
study, Church et al. assessed the effect of the different blood
products when transfused in 315 pediatric patients with
ALT (52). Transfusion of FFP was associated with an
increased mortality and increased ventilator days, although
no effect of RBC or platelet transfusion on outcome were
noted. A more positive fluid balance over the first 72 hours
was observed in transfused ALI-patients (P=0.03), which
may lead to a potential overlap with the diagnosis of TACO.
Because of the observational design, it is possible that
blood transfusions were in fact a surrogate for the patients’
underlying severity of illness.

Zubrow et al. undertook a retrospective analysis of 357
patients who had been prospectively enrolled in a cohort
study aiming to characterize degree of lung injury in
pediatric ARDS. Among those transfused, severity of illness
prior to transfusion was higher; 43% had received RBCs
and 25% had received FFP or platelets (16). Transfused
PARDS patients also had lower PaO,/FiO, ratios at
24 hours after PARDS diagnosis (P<0.05), were more
often immunocompromised (P<0.001) and had more non-
pulmonary organ dysfunction (P<0.001). Overall these
transfused patients had a worse survival and longer duration
of ventilation by univariate analysis. After controlling for
confounders, these authors reported that neither RBC, nor
FFP or platelet transfusion were shown to be associated
with higher mortality. However, a great volume of RBC
transfusions was shown to be associated with increased
mortality and increased ventilator days among survivors.

Similar observations were made by Emeriaud er 4/. in
2018 in their prospective PARDS cohort of 27 patients, with
almost half of the moderate and severe PARDS receiving at
least one RBC transfusion during admission (respectively 3
in 6 patients and 7 out of 15 patients). Transfused patients
also had a higher PRISM III score and higher oxygen
saturation index (53).

In summary, all these observational studies confirm an
association between transfusion and adverse outcome in
children with PARDS but do not allow for demonstration of
a causal relationship due to their design. In all these studies,
transfusion was consistently associated with a greater
severity of illness at baseline. At least three hypotheses
could therefore explain such an association: (I) the sickest
patients are more likely to require transfusion; (II) the
sickest patients are also more likely to develop worsening
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respiratory dysfunction; or (III) physicians more frequently
decide to transfuse patients with severe or deteriorating ALIL

When should we transfuse a patient with
PARDS?

Because of the lack of specific studies in pediatric
patients with ARDS/ALLI it is difficult to generate clear
recommendations about transfusion in this specific group
of patients. Additional studies are required to best inform
clinicians with regard to the risk-to-benefit ratio of
transfusion in these patients. Blood transfusions should
only be administered after careful consideration of the
patient’s unique risk for transfusion complications and the
anticipated physiologic benefits of the planned transfusion.

With regard to RBC transfusion, it would seem that a
restrictive strategy could be acceptable for most critically
ill patients, although best practice is undetermined for
patients with severe ARDS. Clinical recommendations for
RBC transfusions in critically ill children with respiratory
failure were recently made by the Pediatric Critical Care
Transfusion and Anemia Expertise Initiative. They strongly
recommend administering an RBC transfusion when the
Hb level drops below 5 g/dL, but to not systematically
transfuse hemodynamically stable children with respiratory
failure and a Hb level >7 g/dL (1,54,55). No strong
recommendation was made for patients with severe
hypoxemia (54).

In patients for whom no strong recommendation exists
(severe PARDS or hemodynamically unstable patients),
it would seem best not to base a decision to transfuse
solely on Hb level but rather to factor in other clinical and
physiological parameters that might indicate low DO,, e.g.,
elevation of lactate level, low central venous oxygenation,
or low near infrared spectroscopy (NIRS) level (56). If
there is no evidence of low DO,, it is likely that a restrictive
transfusion strategy is safe. Such management would
minimize transfusion-related side effects and therefore
optimize the balance between possible benefits versus
potential deleterious effects of transfusion on the pulmonary
condition of the patient.

For other blood products, it remains difficult to provide
clear recommendations as evidence is lacking. Appropriate
indications for prophylactic platelet transfusion (if
platelets <10,000/pL), plasma transfusion (INR >2.5) or
cryoprecipitate infusion (if fibrinogen <75-100 mg/dL)
remain unclear. Similar to RBC transfusion, other factors
(e.g., volume status, risk of bleeding) have to be accounted
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for to ascertain whether the benefits outweigh the side
effects (43).

Thus, if a decision is made to transfuse patients with
respiratory dysfunction, it is particularly important to
transfuse smaller volumes per dose without increasing
patient exposure to blood products, to institute therapy
to limit or prevent fluid overload (other fluid restriction
and diuretics) (57) and to carefully monitor for potential
respiratory complications such as TRALI, TACO,
or RDAT.

Conclusions

Careful blood management is imperative in patients with
PARDS. The presence of inflammatory lung injury in
children with a severe prognosis and a clinical context
which often mandates blood transfusion warrant careful
consideration. Blood products are frequently considered
and administered in this patient population. Potential
benefits of transfusion, and in particular the impact on
DO, following transfusion in PARDS patients remain to be
demonstrated. On the other hand, accumulating evidence
suggests possible transfusion-associated pulmonary,
circulatory and inflammatory deleterious effects. Restrictive
RBC transfusion strategy seems to be the best option in the
majority of critically ill patients. Appropriate indications for
prophylactic transfusion of other blood products are unclear
and require clinical judgment. Further research is needed to
guide optimal transfusion practices in children with severe
ARDS. More robust hemovigilance data, more appropriate
definitions and careful analysis of data in critically ill
children are required to improve the understanding of the
causes, occurrence and clinical outcomes associated with

transfusion in critically ill children with PARDS.
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