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The effect of red blood cell transfusion on intermittent
hypoxemia in ELBW infants
EG Abu Jawdeh1, RJ Martin1, TE Dick2, MC Walsh1 and JM Di Fiore1

OBJECTIVE: To test the hypothesis that the effect of red blood cell (RBC) transfusion on intermittent hypoxemia (IH) in extremely
low birth weight (ELBW) infants is dependent on postnatal age.
STUDY DESIGN: Oxygen saturation of 130 ELBW infants, who required transfusion, was monitored continuously for the first
8 weeks of life. We compared the characteristics of IH (SpO2⩽ 80% for ⩾ 4 s and ⩽ 3min), 24 h before and both 24 h and 24 to 48 h
after each RBC transfusion at three distinct time periods: Epoch 1, 1 to 7 days; Epoch 2, 8 to 28 days; and Epoch 3, 428 days.
RESULT: In Epoch 1, the frequency and severity of IH events were not significantly different before and after transfusion. In both
Epochs 2 and 3 there was a decrease in IH frequency and severity 24 h after RBC transfusion that persisted for 48 h. In addition,
there was a decrease in the overall time spent with SpO2 ⩽ 80% which persisted for 24 h after transfusion in Epochs 1 and 3, and for
48 h in Epoch 3.
CONCLUSION: The benefit of RBC transfusion on IH is age dependent as improvement in the frequency and severity of IH after
transfusion only occurs beyond the first week of life. These observations will aid clinician’s decision making by clarifying the benefit
of RBC transfusions on patterns of oxygenation in preterm infants.
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INTRODUCTION
Intermittent hypoxemia (IH) during early postnatal life is typically
the result of impaired respiratory control often superimposed
upon suboptimal lung function.1 It may be associated with
increased perinatal morbidities and poor neurodevelopmental
outcome.2–4 Red blood cell (RBC) transfusions may ameliorate
IH events by enhancing oxygen carrying capacity with resultant
improvement in respiratory control and/or oxygen reserves.1

Previous studies have assessed the relationship between RBC
transfusions and apnea of prematurity with and without desatura-
tion events and have reported conflicting results.5–16 Zagol et al.6

showed sustained improvement in apnea associated with oxygen
desaturation after RBC transfusions. Seidel et al16 also showed
enhancement in oxygenation after RBC transfusions. In contrast,
Westkamp et al.,14 Poets et al.13 and Stute et al.10 found no change
in the incidence of IH events post RBC transfusion. These contra-
dictory results may be due to small sample size, lack of continuous
saturation monitoring, or broad postnatal and gestational age
ranges.6,10,13,14,16

Recently, we have documented that the incidence of IH
changes over the first 2 months of life in a cohort of 79 preterm
infants of 24 to 28 weeks gestation.3 During the first week of life IH
occurs infrequently; in weeks 2 to 3, IH progressively increases,
plateaus around 4 weeks; and decreases thereafter.3 Previous
studies addressing the incidence of IH following RBC transfusion
did not consider alterations in occurrence of IH with progressing
postnatal age, which may have influenced their findings. There-
fore, we sought to characterize the association between the effect
of RBC transfusions on IH and postnatal age by testing the
hypothesis that the effect of transfusion on IH in extremely low
birth weight (ELBW) infants is dependent on postnatal age.

METHODS
Study design and data collection
To allow for a large sample size and, thus, an increased chance of detecting
an effect of transfusion on the incidence of IH we examined two cohorts
of preterm infants (24 to 27 6/7 weeks gestation) followed for the first
8 weeks of life. The cohorts were formed between 2005 and 2009 at
Rainbow Babies and Children’s Hospital Neonatal Intensive Care Unit. The
first cohort comprised 79 infants who received standard clinical care,
including the need for respiratory support, oxygen and caffeine.3 Standard
patient care included a target SpO2 between 85 and 95%. An additional
cohort included 98 infants enrolled in the SUPPORT trial, a multi-centered
randomized trial that compared two different target ranges of oxygen
saturation ranges (85 to 89%, n= 49 and 91 to 95%, n= 49).17,18 Infants
with congenital malformations were excluded.
Oxygen saturation was recorded continuously using high-resolution (2 s

averaging time and a 0.5 Hz sampling rate) pulse oximetery (Radical;
Masimo, Irvine, CA, USA) from day 1 to 8 weeks postnatal age. Intermittent
hypoxemia was defined as a drop in SpO2 ⩽ 80% for ⩾ 4 s and ⩽ 3min
duration. The lower threshold of 4 s was based on previous data by Poets
et al.13 The upper limit in duration (3 min) was chosen arbitrarily to
distinguish intermittent hypoxemia from sustained changes in baseline
oxygenation. In addition, to account for all periods of hypoxemia, the total
time of SpO2 ⩽ 80% was calculated, which included both intermittent and
sustained (43min) hypoxemic events.
For each RBC transfusion, we documented the timing, volume and

change in hematocrit. To avoid the potential effect of multiple
transfusions, the RBC transfusion was considered eligible for analysis if
there was no other transfusion within the 24 h before and 48 h after the
transfusion. The 8-week monitoring period was stratified into three epochs
based on the frequency of IH for all 177 infants (Figure 1). As previously
published by Di Fiore et al.,3 we identified a low incidence of IH during the
first week of postnatal age, followed by a progressive increase over weeks
2 to 3, a plateau around 4wks, and a decrease thereafter. Epoch 1 was
defined as the first week of life when there are few IH events. Epoch 2 was
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defined as 8 days to 4 weeks of life when there is an increase in the
number of IH events. Epoch 3 was defined as beyond 4 weeks of life when
the IH frequency plateaus and begins to decrease. For each infant only one
RBC transfusion in each epoch was analyzed. In infants with multiple
transfusions, the first eligible transfusion in each epoch was selected.

Statistical analysis
One-way analysis of variance with repeated measures was performed
separately for each epoch to compare the incidence of hypoxemic events
in the 24-h period before, and 24 h and 24 to 48 h after the transfusion.
Post hoc comparisons of pre and post transfusion time points (24 h pre,
24 h post and 24 to 48 h post) were performed by the Tukey–Kramer
method. The oxygen saturation target range (wide (85 to 95%), high (91 to
95%) and low (85 to 89%)) was included as a covariate in the analysis of
variance model to control for a potential effect of baseline oxygen
saturation target. Generalized Estimating Equations (GEEs) logistic model
or analysis of variance was used to compare baseline characteristics
among epochs for categorical and continuous data, respectively.

Sample size
On the basis of previous data suggesting a 40% decrease14 in the number
of IH events with an average standard deviation of 80 IH per day (Figure 1),
we calculated that a sample size of 24 infants would be needed in each
epoch to detect a change of this magnitude (α= 0.05, 1−β=0.80).
Accessibility to our large infant cohort enabled us to include 78 infants
in Epoch 1, 109 infants in Epoch 2 and 75 infants in Epoch 3. The increased
number of infants enrolled in this study enabled us to detect a smaller
change of 22% in the incidence of IH (α= 0.05, 1−β= 0.80).

Institutional review board approval
The University Hospitals Institutional Review Board approved the study. As
this is an expanded analysis of a previously obtained data set, a waiver of
consent was granted.

RESULTS
Of the 177 preterm infants included in the cohorts, 130 had
eligible RBC transfusions in the first 8 weeks of life. Characteristics
of the study population are presented in Tables 1 and 2, based on
the epoch in which they were transfused. A total of 262 RBC
transfusions met criteria for analysis. There was no difference
in gestational age, birth weight, race or gender across epochs
(Table 1). More infants in Epoch 1 were on ventilator support
compared to Epochs 2 and 3 (Table 2). The majority of infants
received supplemental oxygen encompassing approximately 90%
of infants during each time period (Table 2). The administration
of caffeine was significantly lower in Epoch 1 compared to Epochs
2 and 3 (Table 2). The hematocrit increased comparably after
RBC transfusion in each of the three epochs (Figure 2). The median
RBC transfusion volume was 20ml kg–1 administered over a
duration of 4 h.

Figure 1. The frequency of intermittent hypoxemia (IH) events
during the first 8 weeks of postnatal life. The 8-week postnatal
period was stratified into three epochs. Epoch 1 was defined as 1 to
7 days of life, Epoch 2 between 8 and 28 days of life and Epoch 3
after 28 days of life.

Table 1. Demographic data of the studied infants based on transfusion epoch

Epoch 1 Epoch 2 Epoch 3

N 78 109 75
Gestational age 26 weeks (IQR 25–26) 26 weeks (IQR 25–27) 26 weeks (IQR 25–27)
Birth weight 730 g (IQR 655–806) 770 g (IQR 667–870) 730 g (IQR 635–840)
Male 51% 47% 48%
Black 58% 58% 60%
Post-natal age 4 days (IQR 2–5) 13 days (IQR 10–18) 33 days (IQR 31–38)
Weight at transfusion 665 g (IQR 610–760) 798 g (IQR 670–927) 1030 g (IQR 898–1260)

Abbreviation: IQR, interquartile range.

Table 2. Percent of infants receiving respiratory support

Epoch 1 Epoch 2 Epoch 3

Ventilator support (%) 72 58a 57a

Non-invasive ventilation (%) 27 35 31
Other (nasal cannula, O2 hood) (%) 1 3 7
No respiratory support (%) 0 3 5
Respiratory support data not available (%) 0 1 0
Supplemental oxygen (%) 91 92 89
Caffeine (%) 62 81a 79a

aPo0.05 versus Epoch 1.

Figure 2. Hematocrit data presented in box-and-whisker diagram.
There was no difference in pre and post red blood cell (RBC)
transfusion hematocrit level across epochs. There was a significant
increase in the hematocrit level post RBC transfusion in all three
epochs (*Po0.001). Box plot represent median and interquartile
ranges. Whiskers represent the hematocrit range (minimum—
maximum).
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In Epoch 1, where minimal IH events occurred, there was no
significant difference in the incidence, severity (nadir) and dura-
tion of IH before and after RBC transfusion (Figure 3). However, in
both Epoch 2, in a postnatal age range where there is an increase
in IH events, and Epoch 3, in a postnatal age range where the high
incidence of IH events plateaus, there was a significant decrease in
IH frequency 24 h after RBC transfusion that persisted for 48 h (all
Po0.02; Figure 3a). In addition, there was a decrease in the
severity of IH (higher nadir) in Epochs 2 and 3 that persisted for
48 h (all Po0.02; Figure 3b). There was no significant change in
duration of IH with RBC transfusion (Figure 3c). We also examined
the percent time spent with SpO2 ⩽ 80% in all three epochs.
In both Epochs 1 and 3 there was a significant improvement
(Po0.05) in the overall time spent with SpO2 ⩽ 80% at 24 h after
RBC transfusion persisting for 48 h in Epoch 3 only (Figure 4). In
Epoch 2 the improvement in time with SpO2 ⩽ 80% approached,
but did not reach statistical significance (P= 0.058).

To achieve a large sample size to detect relatively small
alterations in IH associated with transfusion, the cohort included
three oxygen saturation target groups (wide, 85 to 95%; high, 91
to 95% or low, 85 to 89%). There was no significant effect of SpO2

target range on the benefit of RBC transfusion (incidence, severity
and duration) in any epoch.

DISCUSSION
Intermittent hypoxemic episodes are generally attributed to
unstable respiratory control in preterm infants resulting in
respiratory pauses and apnea.19 Two proposed mechanisms may
underlie the beneficial effect of RBC transfusions on IH. The first
suggests that anemia decreases oxygen delivery to the respiratory
control network leading to hypoxic ventilatory depression.7,20–22

Thus, RBC transfusions may decrease apnea frequency by improv-
ing oxygen delivery to the immature brainstem. The second
underlying mechanism is that RBC transfusions increase oxygen
stores resulting in greater stability of oxygenation in the presence
of apnea. This is consistent with a recent model analysis showing
that the rate of arterial oxygen desaturation during apnea
decreased with higher hemoglobin levels.1 Therefore, the impro-
vement in IH after RBC transfusions may be due to either reduc-
tion in the frequency of apnea or increased oxygen stores
ameliorating IH in the presence of apnea.
Our results demonstrate a significant improvement in IH after

RBC transfusion beyond the first week of life. The stratification of
postnatal age into three developmental stages may partially
explain the conflicting literature by minimizing the potential
confounder of the dynamic natural history of IH. There was no
benefit of RBC transfusion on frequency, severity or duration of IH
in Epoch 1. This may be due to the already low incidence of IH
before RBC transfusion in the first week of life. The mechanism
underlying this lower incidence of IH in Epoch 1 is not clear,
although higher ventilator use may have stabilized both lung
volume and alveolar PO2, decreasing the likelihood of oxygen
desaturation.1 This explanation seems unlikely as addition of
mechanical ventilator status to the statistical model did not affect
the relationship between transfusion and IH events. As caffeine
therapy improves respiratory control in preterm infants, the lack of
benefit of transfusion on IH in Epoch 1 is unlikely due to caffeine

Figure 3. Characteristics of intermittent hypoxemia (IH) pre and post red blood cell (RBC) transfusion, including (a) frequency, (b) nadir and
(c) duration. Frequency significantly decreased and IH nadir increased at 24 h and 24 to 48 h post RBC transfusion only in Epochs 2 and 3
(*Po0.02 versus pre RBC transfusion). There was no change in IH duration.

Figure 4. Percent time with SpO2 o80% pre and post red blood cell
(RBC) transfusion. The percent time with SpO2 ⩽ 80% significantly
decreased in Epochs 1 and 3 at 24 h post RBC transfusion persisting
for 24 to 48 h in Epoch 3 (*Po0.05). There was a trend toward a
decrease in time with SpO2 ⩽ 80% in Epoch 2 that did not reach
statistical significance (‡P= 0.058).
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use as significantly fewer infants received caffeine compared to
Epochs 2 and 3. Previous studies addressing the relationship
between RBC transfusions and IH have primarily assessed infants
with both a wide and/or older postnatal age.6,10,13,14,16 The mean
postnatal age in studies that showed improvement in IH
frequency after RBC transfusion6,16 corresponded to Epochs 2
and 3 in the current study. Apart from stratification by postnatal
age our study had the additional advantage of a tight gestational
age range (24 to 27 6/7 weeks).
Use of high-resolution (2 s averaging time and 0.5 Hz sampling

rate) oxygen saturation monitoring optimized our ability to
accurately identify IH events of both long and short duration.
Vagedes et al.23 have shown that detection of IH can vary up to
fivefold with prolonged averaging times, as commonly used in the
clinical setting, resulting in an artificial decrease in IH of 5–10 s and
increase in IH of 420 s.23 This may partially explain discrepancies
between studies. Although there was no change in IH duration
following RBC transfusion, there was an improvement in the total
percent of time with SpO2⩽ 80%. This finding may be attributed
to a decrease in the frequency of both IH and more prolonged
periods (43min) of hypoxemia that were not included in the
IH analysis. Given no improvement in IH after RBC transfusion in
Epoch 1, the benefit in the percent of time with SpO2 ⩽ 80%
may be due to a decrease in prolonged periods (43min) of
hypoxemia. Recent data indicate that RBC transfusion may
improve myocardial performance and possibly cardiac output in
preterm infants, and we cannot exclude the possibility that this
effect of simple volume expansion may have benefited oxygena-
tion status of our infants.5,24

A limitation of this study was the lack of accurate long-term
apnea documentation which continues to be a challenge in the
clinical setting. Bedside nursing documentation has been shown
to underreport apnea events6 and impedance monitoring, the
current clinical mode of monitoring respiration, cannot distinguish
obstructive apnea from normal respiration. Therefore, long-term
airflow measurements are needed to differentiate these two
potential mechanisms, whereby RBC transfusion benefits IH
episodes which is impractical in the clinical setting. However, we
feel we have documented the concerning clinical component of
apnea, namely resultant IH.19 Unfortunately available data do not
allow us to document the response to IH (that is, supplemental
oxygen), which may have affected our findings. The inclusion of
three different oxygen saturation target groups may also have
affected our study findings, although the effect of RBC transfu-
sions on the hypoxemic events was not altered after adjusting for
the oxygen saturation target. Including these multiple oxygen
saturation target groups provided a large sample size that
presented the ability to stratify the postnatal period and to detect
more subtle alterations in IH patterns after RBC transfusion. Finally,
we were unable to determine the precise indication for blood
transfusion in many of the infants in this retrospective review,
although anemia was the most common reason for transfusion.
While the hematocrit threshold for transfusing preterm infants
remains controversial,11,25,26 the hematocrit at time of transfusion
in this study (range 20.7 to 38.8%) is comparable to the two
largest randomized trials (hematocrit range 22 to 46%) assessing
transfusion thresholds.11,25 The decision to transfuse varies among
physicians and may also be influenced by the patient’s daily
condition. As the number of IH events was elevated during all
epochs when compared to previously published data,3 it is
conceivable that more patients may have been transfused on sick
days with high number of IH events, followed by random
improvement over the subsequent 48 h that is not related to
the transfusion; however, this cannot explain the lack of benefit in
Epoch 1.
In summary, this study has shown a clear benefit of RBC trans-

fusion on the incidence and severity of IH episodes in preterm
infants beyond the first week of life. These beneficial effects of

RBC transfusion in neonates should be weighed against potential
risks such as transmitted infections,27,28 intraventricular hemor-
rhage29,30 and necrotizing enterocolitis.28,31 Future studies may
allow us to determine whether there is a threshold of IH that is
associated with neonatal morbidity.
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