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Abstract: Preterm neonates, especially very low birth weight infants, remain a category of
patients with high transfusion needs; about 90% of those with <1,000 g birth weight may be
transfused several times during their hospital stay. However, neonatal red blood cells (RBC)
transfusion is not without risks. In addition to well-known adverse events, several severe side
effects have been observed unique to preterm infants, such as transfusion-related acute gut
injury, intraventricular hemorrhage, and increased mortality risk. It is therefore important to
reduce the frequency of RBC transfusion in critically ill neonates, by delayed clamping or milk-
ing the umbilical cord, using residual cord blood for initial laboratory investigations, reducing
phlebotomy losses, determining transfusion guidelines, and ensuring the most appropriate
nutrition, with the optimal supplementation of iron, folic acid, and vitamins. Ideally, RBC
transfusion should be tailored to the individual requirements of the single infant. However, many
controversies still remain, and the decision on whether to transfuse or not is often made on an
empirical basis. Recently, a few clinical trials have been performed with the aim to compare the
risk/benefit ratio of restrictive versus liberal transfusion criteria. No significant differences in
short-term outcomes were observed, suggesting that the restrictive criteria may reduce the need
for transfusion and the related side effects. Neurodevelopmental long-term outcome seemed more
favorable in the liberal group at first evaluation, especially for boys, and significantly better in the
restrictive group at a later clinical investigation. Magnetic resonance imaging scans, performed
at an average age of 12 years, showed that intracranial volume was substantially smaller in the
liberal group compared with controls. When sex effects were evaluated, the girls in the liberal
group had the most significant abnormalities. In conclusion, it would seem preferable to adopt
restrictive criteria. Current recommendation on transfusion therapy should be revised to take
into account this suggestion.
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Introduction
Packed red blood cell (pRBC) transfusion is a common practice in preterm infants admit-
ted to neonatal intensive care units (NICUs). Very low birth weight (VLBW, <1,500 g)
and extremely low birth weight (ELBW, <1,000 g) infants remain a category of patients
with high transfusional needs, notwithstanding the continuing efforts to prevent anemia
in these small patients. Indeed, about 40% of neonates at 1,000—1,500 g birth weight and
90% of those at <1,000 g birth weight may be transfused, with the extremely preterm
patients receiving a mean of five RBC transfusions during their hospital stay.'

Other frequent causes of anemia, such as acute bleeding, hemolysis, or impaired
red cell production following acquired or inherited diseases, will not be discussed in
this review.
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Despite the recent studies on the risk-to-benefit ratio
of neonatal transfusion, many controversies about how to
identify preterm neonates likely to benefit from a RBC
transfusion still remain.?

The paucity of clear scientific evidence makes it difficult
to formulate accurate recommendations. The transfusion need
is traditionally related to hemoglobin (Hb)/hematocrit (Ht)
values in relation to the reference ranges of Hb or Ht at dif-
ferent postnatal ages. In preterm neonates “normal values”
for blood parameters are generally unavailable, because
blood is usually drawn on patients with minimal pathology.
Therefore, “reference ranges” are used, consisting of the
Sth to the 95th percentile values, under the premise that
such ranges approximate normal values.® Ht and Hb values
during the first hours after delivery correlate positively with
gestational age, while erythrocyte mean corpuscular volume,
which is high in neonates, tends to fall steadily as gestational
age advances.’

Markers of transfusion needs

in preterm neonates

The clinical status of the newborn is considered an important
indication, particularly in the presence of severe cardio-
pulmonary diseases or of symptoms of anemia suggesting
inadequate tissue oxygenation, such as increase in oxygen
requirement, tachycardia, apnea, and poor weight gain.
A recent international survey of transfusion practices for
extremely premature infants showed that factors considered
“very important” regarding the need to administer blood
transfusions included degree of oxygen requirement (44.7%
of respondents) and need for respiratory support (44.1% of
respondents).*

In addition, it is particularly important to evaluate
the degree of reticulocyte response, considering that a
reticulocyte count >100,000 per UL is usually an indicator
of efficient bone marrow compensation.

Apart from Hb or Ht concentration, there are several
different factors that influence the oxygen transport and
delivery system, such as regulation of the stroke volume and
cardiac output, Hb affinity for oxygen, arterial oxygen ten-
sion, oxygen extraction fraction, and consumption of oxygen.
Once oxygen availability is reduced by either diminished
transport or delivery, oxygen consumption is maintained by
compensatory adaptive responses such as increased blood
flow by vasodilatation, increased cardiac output, or improved
oxygen drop off (eg, substituting adult Hb and shifting of the
Hb saturation curve), and/or via increased fractional oxygen
extraction from Hb to meet metabolic demands. The critical

oxygen point when the patients exceed their ability to cope
with the restriction cannot be accurately defined to determine
when transfusion is required, due to the difficulty of obtaining
reliable clinical or laboratory indicators.’

Direct measurement of tissue oxygenation is not
possible. There is no single accurate clinical sign or bio-
chemical marker for detecting insufficient tissue oxygenation
in order to guide the transfusion need.

In a recent study, Kasat et al” evaluated patient clinical sta-
tus as a potential marker for neonatal RBC transfusion need.
He observed that tachycardia was the most sensitive predictor
of a benefit from pRBC transfusion. He also observed no
significant clinical improvement after transfusion in critically
ill ventilator-dependent neonates, probably due to the com-
plex physiology of neonatal respiratory pathology. On the
contrary, he found an increase in oxygen requirement after
transfusion in a cohort of critically ill premature neonates in
the first week of life, likely caused by the volume overload.
For these reasons, he recommended more restrictive RBC
transfusion guidelines for critically ill neonates.

To date, no conclusive data about blood lactate levels are
available, especially in asymptomatic neonates.

Hemodynamic changes detected by echocardiography
suggest that there is a chronic adaptation to anemia,® although
the usefulness of measures of cardiac function to identify neo-
nates in need of pRBC transfusion remains to be assessed.

A pilot randomized controlled trial (RCT)’ to evaluate
peripheral fractional oxygen extraction, measured by near
infrared spectroscopy as a marker to guide blood transfu-
sions in preterm infants, failed to identify patients who
needed a blood transfusion according to clinical assess-
ment. van Hoften et al'® used regional cerebral oximetry as
a possible method for determining when a blood transfu-
sion is indicated; premature infants had improved cerebral
oxygen saturation when transfused at a restrictive threshold
Hb of 6 mmol/L (97 g/L).

The splanchnic-cerebral oxygenation ratio (SCOR) pro-
vides insight into overall tissue oxygen sufficiency and can be
determined using near-infrared spectroscopy. A recent study
showed that infants with a low baseline SCOR (<0.73) were
more likely to improve after transfusion; therefore, SCOR may
help identify premature infants who will benefit from RBC
transfusion.'' A previous similar study reported the significant
post-transfusion improvement of cerebral, splanchnic, and
renal oxygenation in anemic preterm infants.!2

A prospective clinical study'® has recently shown that high
concentrations (> 140 pg/mL) of vascular endothelial growth
factor (VEGF) may indicate insufficient oxygen delivery to
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tissues and may be a marker for transfusion need. Only 23
of 75 infants who required a transfusion according to local
guidelines had elevated VEGF concentrations. Interestingly,
VEGEF concentrations did not correlate with Ht, suggesting
that infants with an Ht level as low as 20% can have suffi-
cient tissue oxygenation, whereas a higher Ht level could be
observed in infants with tissue hypoxia (Table 1).

Adverse outcomes

of RBC transfusion

Neonatal RBC transfusion is not without risks. In the
last Serious Hazards of Transfusion (SHOT) report,’ the
incidence of an adverse outcome of RBC transfusion was
estimated to be 12.3 per 10,000 components in UK in 2012.
Of the 3,545 side effects reported, 110 were observed in
children less than 18 years, and 21 in newborns."

In addition to well-known adverse events such as incor-
rect blood component transfusion, transfusion-transmitted
infections, potassium and preservatives toxicity, transfusion-
related acute lung injury, transfusion-associated circulatory
overload, transfusion-related immunomodulation, and
transfusion-associated graft versus host disease, several
severe side effects have been observed that are unique to
preterm infants.!>-1

A recent study showed that RBC transfusions are inde-
pendently associated with intra-hospital mortality in VLBW
preterm infants. More than 50% infants received a mean
number of 3.3 RBC transfusions during their hospital stay.
After adjusting for confounders, the relative risk of death
in infants who received at least one RBC transfusion in the
first 28 days of life was 1.49, compared with infants who did
not receive a transfusion. The risk of death was even higher
if patients received more than two RBC transfusions after
28 days of life.'s

Table | Markers of transfusion needs in neonates

Anemia: hemoglobin (Hb)/hematocrit (Ht) values in relation to the
reference ranges of Hb or Ht at different postnatal ages.

Reticulocyte counts <100,000/uL.

Clinical status of the newborn, particularly in the presence of severe
cardiopulmonary diseases, or of symptoms of anemia suggesting
inadequate tissue oxygenation, such as increase in oxygen requirement,
tachycardia, apnea, and poor weight gain.

Hemodynamic changes detected by echocardiography.

Peripheral fractional oxygen extraction, or splanchnic-cerebral
oxygenation ratio as measured by near infrared spectroscopy.
Spectroscopic noninvasive measurement of hemoglobin.

Regional cerebral oximetry.

High concentrations of vascular endothelial growth factor as an indicator
of insufficient oxygen delivery to tissues.

RBC transfusion of preterm neonates with a Grade 1
intraventricular hemorrhage is associated with extension to
a Grade 3 or 4 hemorrhage.'¢

Transfusion-related acute gut injury was recently reported.
A significant temporal association (<48 hours) between
pRBC transfusion and necrotizing enterocolitis (NEC) was
observed in VLBW newborns.!” An analogous pathogenesis
than transfusion-related acute lung injury was hypothesized.
Christensen et al also found that approximately one-third of
surgical NEC cases were temporally associated with pRBC
transfusion.!® The pathogenetic links between transfusion and
these adverse outcomes remains to be discovered. Moreover,
further studies are required to clarify whether transfusions
are causatively associated or are covariables.'®

T activation, or the Hiibener—-Thomsen—Friedenreich
phenomenon, is due to the enzymatic modification of the
red cell membrane to expose the T antigen that is present on
the surface of all red cells. The T antigen remains masked
until N-acetyl-neuraminic acid (sialic acid) residues are
removed by neuraminidase, an enzyme produced by a wide
variety of microorganisms, such as those in the Clostridia
class. Ubiquitous IgM antibodies in donor plasma directed
against the T antigen and related epitopes may provoke
hemolysis in patients with T-activated red cells. Several
reports have shown the association of T activation during
sepsis with an increased incidence of NEC and death in
preterm infants following RBC transfusions.!*

How to reduce transfusion needs

It is important to reduce the frequency of RBC transfusion
in critically ill neonates, particularly considering the high
risk of adverse outcomes. It has been demonstrated that the
implementation of transfusional guidelines in NICUs limits
the number of transfusions.?

Furthermore, improvements in NICU transfusion prac-
tice after the introduction of national recommendations for
transfusion of blood products to neonates was observed
in a recent multicenter study. In particular, prophylaxis
for transfusion-transmitted cytomegalovirus infection,
mainly through filter leukoreduction of RBC donor units
rather than cytomegalovirus antibody testing to obtain
cytomegalovirus-safe blood components, reached nearly
total adherence to national recommendations, and both
prophylaxis for graft-versus-host disease and usage of
dedicated RBC donor units (pedipack system), permitting
multiple transfusions from the same unit and reducing
donor exposure, suggested a trend of improvement of
adherence rates.?

International Journal of Clinical Transfusion Medicine 2014:2

submit your manuscript 23

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Chirico

Dove

Delivery room prevention by using delayed cord clamping
for at least 30 seconds from birth can reduce the need for
transfusions and facilitate early hemodynamic stabilization
of VLBW infants.?

Several reports have demonstrated the short- and long-
term favorable effects of delaying umbilical cord clamping.
The most consistent result is represented by the increase of
circulating RBC volume, Hb, and Ht in the neonate, and
the consequential reduced need of RBC transfusions, as
confirmed by several trials.?

However, the most important favorable effect reported in
preterm infants may be considered the better hemodynamic
stabilization soon after birth, with the improvement of mean
systemic blood pressure, urine output, improved superior
vena cava blood flow and cardiac function, and the reduced
need for vasopressors. This may contribute to the reported
reduction of the prevalence of intraventricular hemorrhage,?’
NEC, and sepsis,? as well as to long-term protection against
motor disability.?’

The need to rush when resuscitation is required, may be
overcome by the use of cord milking. This fast method has
been shown to achieve a similar amount of blood transfu-
sion, as compared with delaying clamping the cord for
30 seconds.’*32

The superiority of delaying clamping or milking the cord
in preterm infants is unanimously acknowledged, due to the
highly favorable cost-to-benefit ratio. Indeed, the only side
effect reported so far is the possible increased requirement
of phototherapy.?®

An additional utilization of the residual cord blood after
delayed clamping or milking may be for the initial blood tests,
such as blood culture, complete blood count with differential
and platelet count, blood gas, typing of the ABO/Rh blood
groups, and the direct antiglobulin test, in order to reduce the
amount of blood initially drawn from VLBW neonates.*

Finally, the possible role for autologous RBC transfusions
by collection, processing, and storage of umbilical cord blood
is under evaluation.'**

Phlebotomy losses are considered the first mechanism
leading to neonatal anemia.** The reduction of the required
amount of blood for investigation by the use of microsam-
pling, and the judicious utilization of laboratory evaluations
helps to reduce transfusions in the smallest, sickest infants.

Low levels of erythropoietin (EPO), a substance in the
blood that stimulates RBC production, in preterm infants
provide a rationale for the use of EPO to prevent or treat
anemia. A recent RCT demonstrated that the combined
treatment of high-dose erythropoietin (300 U/kg/day

intravenously or 700 U/kg/3 times/week subcutaneously),
iron (1.5 mg/kg/day intravenously or 9 mg/kg/day orally),
folate (100 mg/kg/day orally), and vitamin E and B,, during
the first weeks of life significantly reduced the transfusion
need of ELBW infants.*® Ohls et al showed that infants
treated with darbepoetin or EPO received fewer transfusions
and were exposed to fewer donors.’” In addition, recent data
seems to suggest a relationship between elevated serum EPO
concentrations and improved neurodevelopmental outcomes
in ELBW infants.®

However, a recent meta-analysis that included almost
2,300 preterm infants enrolled in 27 studies, reached the
conclusion that early administration of EPO (before the infant
reaches 8 days of age) reduces the use of RBC transfusions
and the volume of RBCs transfused. These small reductions
are of limited clinical importance. Donor exposure is prob-
ably not avoided since most studies included infants who had
received RBC transfusions prior to trial entry. Treatment with
early EPO did not have any important effects on mortality or
common complications of preterm birth with the exception
that EPO increased the risk for retinopathy of prematurity
(stage =3), a serious complication that may cause blindness
in babies born before term. Due to the limited benefits and the
increased risk of retinopathy of prematurity, early adminis-
tration of EPO is not recommended. Evidence is lacking for
the possible neuroprotective role of EPO in preterm infants,>
although a few studies have suggested the hypothesis of a
favorable effect of human recombinant EPO on outcome in
VLBW infants. ¥

As for late administration, a meta-analysis on 28 studies
enrolling 1,361 preterm infants reported that administration
of EPO reduces the use of one or more RBC transfusions,
the number of RBC transfusions per infant but not the total
volume of RBCs transfused per infant. Any donor exposure
is likely not avoided as most studies included infants who had
received RBC transfusions prior to trial entry. Late EPO does
not significantly reduce or increase any clinically important
adverse outcomes. Further research of the use of late EPO
treatment to prevent donor exposure is not indicated.*

Similar conclusions emerged from a meta-analysis com-
paring early versus late EPO for preventing RBC transfusion
in preterm and/or low birth weight infants.*

Therefore, although the association between retinopathy
of prematurity and EPO administration is yet to be confirmed,
the use of either early or late EPO to reduce RBC transfusions
in preterm infants remains controversial.

Finally, particular attention should be directed to ensure
the most favorable nutrition with an adequate protein intake,
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which is an important factor in stimulating erythropoiesis,*
and the optimal supplementation of iron, folic acid, and
vitamins (Table 2).

Recommendations

on transfusion therapy

Ideally, RBC transfusion should be tailored to the individual
needs of the infant. However, due to the lack of reliable indi-
cations, the decision on whether to transfuse or not is often
made on empirical basis, with large variation in transfusion
practices among neonatologists.

Several guidelines on who, when, and how to transfuse
preterm babies have been issued and are frequently updated.
Recommendations may be mainly based on Hb or Ht levels.
A recent report suggested an Hb threshold of 12 g/dl in
the first 24 hours or in neonates receiving intensive care,
or of 11 g/dl in case of chronic oxygen dependency, or of
7 g/dl in stable patients with late anemia.*® The suggested
Ht threshold may vary from 0.40 in VLBW neonates on
mechanical ventilation and oxygen therapy, to 0.35, 0.30,
or 0.25 depending on the post-natal age <15 days, 15-28
days, or >28 days, respectively.”® The threshold may be
lowered to 20% Ht for asymptomatic anemia, in the absence
of any degree of cardiopulmonary disease.®® Major sur-
gery, symptomatic anemia, or low reticulocyte counts are
considered as factors indicating higher Ht thresholds for
transfusion. >

A few clinical trials have been performed with the aim
to compare the risk/benefit ratio of restrictive versus liberal
transfusion criteria.*®

Bell et al randomized 100 preterm infants with birth
weights of 500—1,300 g to two levels of Ht threshold for
RBC transfusion. An algorithm was developed where the

Table 2 How to reduce neonatal transfusion needs

Implement transfusional guidelines.

Delay cord clamping for at least 30 seconds from birth to reduce the
need for transfusion and facilitate early hemodynamic stabilization of
VLBW infants. Cord milking may be an effective alternative.

Use residual cord blood for initial laboratory investigations.

The possible role for autologous RBC transfusions by collection,
processing and storage of umbilical cord blood is under evaluation.
Reduce phlebotomy losses by the use of microsampling and the judicious
utilization of laboratory evaluations.

Use multiple transfusions from the same unit to reduce the donor
exposure.

Ensure the most favorable nutrition with an adequate protein intake
that is an important factor in stimulation erythropoiesis, and the optimal
supplementation of iron, folic acid and vitamins.

Erythropoietin treatment remains controversial.

Abbreviations: VLBW, very low birth rate; RBC, red blood cells.

highest Hb threshold was 153 g/L or Ht 46%, and the
lowest Hb threshold was 73 g/L or Ht 22%. At the time of
the first RBC transfusion after 6 weeks of age, mean Hb
concentration was 11.0 versus 8.3 g/dL in the liberal and
restrictive groups, respectively. Pretransfusion Ht, arterial
oxygen content, and systemic oxygen transport values were
significantly higher in the liberal transfusion group, while
plasma erythropoietin concentration was higher in the
restrictive transfusion group. Infants in the liberal transfu-
sion group received more RBC transfusions (mean 5.2) as
compared to the restrictive transfusion group (mean 3.3).¥
Cardiac output, measured by echocardiography, and frac-
tional oxygen extraction fell after transfusion in the low Ht
group only, suggesting increased cardiac output to maintain
adequate tissue oxygen delivery in response to anemia. The
fall in cardiac output suggested that this group may have
benefitted from transfusion.*

On the other hand, infants in the restrictive transfusion
group showed a trend for increased intraparenchymal brain
hemorrhage or periventricular leukomalacia (6 versus 0;
P<0.012), and they had more frequent mild and severe
episodes of apnea.

The authors concluded that their finding of more frequent
major adverse short-term neurologic events in the restrictive
RBC-transfusion group, presumably due to lower systemic
oxygen transport and lower oxygen delivery to the brain,
suggests that the practice of restrictive transfusions may be
harmful to preterm infants.*’

However, the same group from lowa City, recently
reported the results of long-term neurocognitive outcomes
at school age for 33 and 23 of the preterm infants randomly
assigned to the liberal or restrictive transfusion strategy,
respectively. Those in the liberal transfusion group performed
more poorly than those in the restrictive group on measures
of associative verbal fluency, visual memory, and reading.
The authors concluded that these findings highlight possible
long-term neurodevelopmental consequences of maintaining
higher Ht levels.*

In addition, 44 of the original 100 subjects, who were
included in the liberal versus restricted RBC transfusions
trial, were compared with a group of full-term healthy
control children to assess the long-term outcome of
brain structure, at an average age of 12 years. Magnetic
resonance imaging scans showed that intracranial volume
was substantially smaller in the liberal group compared
with controls. Cerebral white matter was reduced in both
preterm groups, more so for the liberal group. When sex
effects were evaluated, the girls in the liberal group had
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the most significant abnormalities. These data suggest
that RBC transfusions affected the long-term outcome of
premature infants as indicated by reduced brain volumes
at 12 years of age for neonates who received transfusions
using liberal guidelines. One possible etiology for such
findings was that the restrictive group fared better because
endogenous erythropoietin production, a factor with pos-
sible neuroprotective properties, was suppressed in the
liberal transfusion group.*

In the Premature Infants in Need of Transfusion (PINT)
trial,>' a multicenter RCT of low versus high Hg transfusion
thresholds, 451 ELBW infants, with birth weight <1,000 g
and gestational age <31 weeks, were enrolled and transfused
following an algorithm where the highest Hb threshold was
135 g/L or Ht 40.5%, and the lowest Hb threshold was 77 g/L
or Ht 23%. The mean Hb difference before transfusion was
1.1 g/dL (11.2 and 10.1 g/dL in the liberal and restrictive
groups, respectively), as compared to 2.7 g/dL in the study
of Bell et al.*’ Short-term outcomes showed no difference in
death or major morbidity with restrictive or liberal transfu-
sion regimens. By discharge from the hospital, fewer infants
(89%) in the low threshold group had received a transfusion
either by algorithm or clinical decision, compared with
the high threshold group (95%). It was concluded that in
ELBW infants, maintaining a higher Ht level resulted in
more infants receiving transfusions without evidence of
benefit.”!

The study groups were followed up at 18-21 months’
corrected age to evaluate neurodevelopmental outcomes.
The primary composite outcome was death or the pres-
ence of cerebral palsy, cognitive delay, or severe visual or
hearing impairment. There was no statistically significant
difference in the primary outcome, found in 45% in the
restrictive group and 38% in the liberal group. At 18 months,
measures of length, weight, and head circumference were
strikingly similar. However, the difference in cognitive delay
(Mental Development Index score <70) approached statis-
tical significance. A post hoc analysis with cognitive delay
redefined (Mental Development Index score <85) showed
a significant difference favoring the liberal threshold group.
Although the study provided some weak evidence of ben-
efit from a higher Ht threshold for transfusion, the authors
advocated caution in the interpretation of these results, and
called for additional investigation of the effects of transfusion
regimes in the prevention of neurodevelopmental impairment
in ELBW infants.%

von Lindern et al recently reported the long-term outcome
at 24 months’ corrected age in relation to neonatal transfusion

volume. In this observational follow-up study of a cohort of
extremely prematurely born infants, treated in two NICUs
using different transfusion volumes (15 mL/kg in Unit A and
20 mL/kg in Unit B), no relationship was found between the
composite outcome and transfusion volume received during
the postnatal hospital stay. It was concluded that as there
was no clinical advantage of the higher transfusion volume,
amore restrictive volume will reduce total transfusion volume
and donor exposure.™

Chen et al randomized 36 VLBW preterm babies to
restrictive or liberal criteria for pRBC transfusion. Infants
in the liberal group received a larger pRBC transfusion
volume compared with the restrictive group over 30 days
(41.7£20.1 versus 27.2+15.9 mL). There were no signifi-
cant differences in the proportion of patients with respira-
tory distress syndrome, patent ductus arteriosus, severe
intraventricular hemorrhage, retinopathy of prematurity,
or chronic lung disease between the two groups. However,
a total transfused blood volume greater than 30 mL over
30 days was a risk factor for developing chronic lung disease
in VLBW infants. The authors suggested that restrictive
criteria for minimizing the overall amount of transfusion
to <30 mL may be a better way of preventing chronic lung
disease in VLBW infants.*

Conclusion

In conclusion, reports comparing liberal and restrictive
transfusion strategies yielded controversial results. Most of
the studies failed to demonstrate significant differences in
short-term outcomes, suggesting that the restrictive criteria
may reduce the need for transfusion and the related side
effects.

Neurodevelopmental long-term outcomes seemed more
favorable in the liberal group at first evaluation, especially
for boys, and significantly better in the restrictive group at
a later clinical and brain RMN investigation, especially for
girls.>

However, the effects of transfusion thresholds, transfusion
frequency and timing, and Hb levels on neurodevelopmental
outcome cannot be individually determined.*

When preventive measures (Table 2), such as favoring cord
clamping delay or cord milking, ensuring optimal nutrition
with adequate intake of proteins, iron,”” and other micronutri-
ents, folic acid and vitamins, use of residual cord blood, and
minimizing phlebotomy losses, fail to avoid the need for trans-
fusion, it would seem preferable to adopt restrictive criteria.
Current recommendation on transfusion therapy should be
revised to take this suggestion into account.
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