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BACKGROUND: To examine the impact of PRBC transfusion on pulmonary vascular resistance (PVR), systemic vascular resistance
and myocardial function using echocardiography and cerebral and splanchnic tissue oxygenation using near-infrared spectroscopy
(NIRS) in premature babies with and without a PDA.
METHODS: A prospective observational study of premature infants born <1500 g in receipt of PRBC transfusions beyond 10 days of
age. Echocardiography and NIRS monitoring were performed at baseline, during the transfusion and 24 h after transfusion.
RESULTS: Thirty infants with a median gestation of 26.4 [24.8–28.0] weeks were enrolled. Ten infants had a PDA. Following
transfusion, a significant decrease in PVR markers occurred in all infants. Right ventricular (RV) function increased following
transfusion in the PDA closed group only. Cerebral oxygen saturation increased following transfusion in all infants. Babies in the
PDA open group had significantly lower splanchnic oxygen saturations at baseline compared to the PDA closed group which
persisted over the study period and were unaltered by transfusion.
CONCLUSIONS: PRBC transfusion lowers PVR irrespective of PDA status. Those with a PDA demonstrated a lack of improvement in
RV function and splanchnic oxygenation highlighting the impact a PDA has on the neonatal circulation.

Pediatric Research (2023) 93:1314–1320; https://doi.org/10.1038/s41390-022-01967-3

IMPACT:

● The presence or absence of the PDA imposes differential effects on splanchnic oxygenation during red blood cell (PRBC)
transfusion in the premature population.

● This is the first study to assess the impact of the PDA on splanchnic oxygenation via near-infrared spectroscopy (NIRS) during
red blood cell transfusion in premature neonates.

● New insights have been found into the impact of PRBC transfusion on pulmonary vascular resistance, right ventricular function,
cerebral and splanchnic oxygenation in the presence and absence of a PDA and emphasises the ongoing impact of ductal
patency on gut oxygenation

INTRODUCTION
Neonatal anaemia is common in the premature population with up
to 40% of low birth weight infants and up to 90% of extremely low
birth weight infants receiving packed red blood cell transfusions
(PRBCs) in the weeks following delivery.1,2 Neonatal anaemia may
occur secondary to acute blood loss, decreased red blood cell
production, increased erythrocyte destruction and phlebotomy.3

However, the potential impact of a neonatal PRBC transfusion on
neonatal haemodynamics including end-organ blood flow and
myocardial performance has not been fully elucidated. In addition,
the presence of a patent ductus arteriosus (PDA) may further
contribute to potential haemodynamic changes consequent to a
PRBC transfusion. There is a need to better characterise the effects
of PRBC transfusion on neonatal haemodynamics and myocardial
performance, both in the presence and absence of a PDA.

There is conflicting evidence regarding the specific impact a
PRBC transfusion may impose on pulmonary vascular resistance
(PVR), systemic vascular resistance (SVR) and myocardial function in
the neonatal population.4–6 There is also a dearth of information
regarding how such haemodynamic effects may be further
modulated in the presence or absence of a PDA. To date, no
study has assessed the impact of neonatal PRBC transfusion in the
presence of a PDA on the haemodynamic status of premature
infants, and whether there are different physiological phenotypes
between infants with and without a PDA following a PRBC
transfusion.7 We hypothesise that a PRBC transfusion will impose
divergent haemodynamic effects in the presence and absence of a
PDA. Therefore, the primary aim of this study was to examine the
haemodynamic impact of PRBC transfusion on PVR, SVR and
myocardial function measured using echocardiography, in addition
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to cerebral and splanchnic tissue oxygenation in premature infants
with and without a PDA.

METHODS
This was a prospective observational study carried out at the Rotunda
Hospital, Dublin, Ireland between November 2019 and February 2021. All
premature infants <1500 g in receipt of red blood cell transfusions
beyond the first 10 days of age were eligible for inclusion in this study.
This was done to ensure the mitigation of any confounding effects
resulting from haemodynamic instability or the transitional circulation
that may occur during the perinatal period. We wanted to assess the
impact of a PRBC transfusion in infants with isolated anaemia of
prematurity. Infants were excluded if there was a lack of parental
consent, a congenital anomaly including congenital heart disease (other
than a PDA), or if there was a high likelihood of death over the first week
of age. Following recruitment antenatal, birth and neonatal character-
istics were collected including; gestation, birthweight, sex, age at
transfusion, and pre- and post-transfusion haemoglobin levels. We
collected the following clinical outcomes: intraventricular haemorrhage
occurring at any stage throughout the hospital stay, the use of inotropes,
culture-proven sepsis, necrotising enterocolitis, the use of postnatal
steroids, chronic lung disease defined at the use of oxygen by 36 weeks
postmenstrual age, retinopathy of prematurity, and death before
discharge. Ethical approval for this study was approved by the Rotunda
Hospital ethics committees and informed written consent was obtained
from all parents prior to enrolment.
In our institution, infants are transfused if their haemoglobin is under 10

g/dL if invasively ventilated, under 8 g/dL if on non-invasive ventilation
and under 8 g/dL if in room air. We do not use prophylactic indomethacin.
PDA treatment is currently performed under the discretion of the
attending neonatologist. This usually occurs is an infant who is ventilated
beyond the first week of age following an echocardiography assessment
demonstrating the presence of a PDA with evidence of pulmonary over
circulation (left ventricular output >300mL/kg/min, left atrial to aortic root
ratio >2, mitral valve e:a wave ratio >1) and systemic hypoperfusion
(absent or reversed diastolic flow in the descending aortic and coeliac
arteries). We use ibuprofen (10 mg/kg, 5 mg/kg and 5mg/kg 24 h apart) as
a first-line treatment. A course is repeated if PDA closure is not
demonstrated after the first course.

Echocardiography assessment
Echocardiography scans were performed at three time periods, pre, 18 h
post and 24 h post PRBC transfusion. Those time points were selected to
ensure investigator availability to conduct the scans. Non-urgent blood
transfusions are usually carried out in the late afternoon in our unit and
as such those timings were chosen to minimise out-of-hours echocardio-
graphy assessments. Evaluations were performed using the Vivid
echocardiography system (GE Medical, Milwaukee) and a cardiology
multi-frequency probe. No sedation was used during the scans. All scans
were recorded on the machine’s internal hard drive and transferred to
the EchoPAC archiving system (version 202) for offline measurements.
Studies were performed using standard neonatal windows including
apical, parasternal, subcostal, and high parasternal windows in accor-
dance with published guidelines.8,9 The following measurements were be
obtained, a detailed description of the methodology, feasibility and
reliability is published elsewhere.10–15 Measures of pulmonary vascular
resistance (PVR) including pulmonary artery acceleration time (PAAT),
PAAT indexed to right ventricular ejection time (PAAT:RVET) and left
ventricular eccentricity index (LV EI); a surrogate measure of SVR using LV
end systolic wall stress (ESWS) was calculated using the following formula
by Wilson et al. where SBP= systolic blood pressure; LVESD= left
ventricular end systolic diameter; and LVPWs= left ventricular posterior
wall thickness in systole16:

ESWS ¼ 0:98 ´ 0:344 ´ SBP ´ LVESDð Þ
LVPWs ´ 1þ LVPWs� LVESDð Þ � 2

Myocardial function and PDA characteristics were further evaluated by
left global longitudinal strain (LV GLS) and right ventricular free wall strain
(RVFwS) using speckle tracking echocardiography (STE), PDA diameter and
maximum systolic velocity across the duct. We also measured the velocity
time index (VTI) of the brachiocephalic artery (BCA) and the coeliac artery
in addition to descending aortic end diastolic velocity (EDF).

Near infrared spectroscopy (NIRS) monitoring
NIRS monitoring of regional cerebral and splanchnic mixed venous
saturations (rSO2) was performed using the INVOS Somanetics System
(Medtronic, MN) and oximetry neonatal sensors. For cerebral NIRS, the
sensors were applied to the skull over the frontal lobes at the centre of the
forehead at baseline, for the duration of the transfusion and the 24 h
following the transfusion. The hypoxic threshold for cerebral saturation in
this system is 63%. For splanchnic NIRS, the sensor was applied to the
centre of the abdomen, below the umbilicus as per vendor instructions at
baseline, for the duration of the transfusion and the 24 h following the
transfusion. Regional tissue oxygenation (rSO2) is calculated by NIRS
utilising the variability in absorption spectra of oxygenated and
deoxygenated haemoglobin molecules.17 The NIRS probe emits light that
is absorbed, scattered and reflected by the underlying tissue and detectors
in the NIRS probe record the amount of reflected light; a measurement of
the organ-specific ratio of oxygen supply and consumption.17 The organ-
specific fractional tissue oxygen extraction (FTOE) was calculated by
simultaneously measuring SpO2 and deriving FTOE using the following
equation: FTOE= (SpO2− rSO2)/SpO2. Peripheral oxygen saturations were
measured from the lower limbs as per unit protocol in stable infants.

Statistical analysis
The cohort was divided into two groups: Infants with a PDA at the time of
transfusion and those without a PDA. Continuous data were tested for
normality using Shapiro–Wilk test and a histogram representation of data
and summarised as means (standard deviation) or medians [interquartile
range (IQR)] as appropriate. Categorical data were summarised as counts (%).
Two-group analyses were conducted using Student’s t test, Mann–Whitney U
test or Chi-square test as appropriate. Serial data were compared using one-
or two-way analysis of variance with repeated measures. Correlations
between continuous variables were conducted using Spearman’s correlation
coefficient. We used SPSS version 25 to conduct the analyses. Statistical
significance is achieved with a p value <0.05.

RESULTS
Clinical parameters and baseline PDA characteristics
Thirty infants with a median [IQR] gestation and birth weight of
26.4 [24.8–28.0] weeks and 855 [659–1102] g, respectively, were
prospectively enrolled in the study. Ten infants had a PDA at the
time of the transfusion: they were of a lower gestation and birth
weight, with a higher rate of invasive ventilation. None of the
infants were lower than the 10th centile for weight at birth. Infants
in the PDA group had a lower descending aortic EDF and a lower
coeliac artery VTI, but no difference in BCA VTI was observed
(Table 1). There were no other differences in the remainder of the
demographics between infants with and without a PDA (Table 1).
There were no differences in any of the recorded outcomes
between the two groups (Table 2). There was no change in PDA
diameter over the three echocardiograms: Baseline: 2.2 [1.7–2.7],
18 h: 2.1 [1.7–2.6], 24 h: 2.0 [1.7–2.9] mm (p= 0.64). There was a fall
in the systolic velocity across the PDA over the three echocardio-
grams (2.4 ± 0.6 vs. 2.0 ± 1.0 vs. 2.0 ± 0.9 m/s, p= 0.03).

Echocardiography measurements
Following the PRBC transfusion, there was an increase in PAAT and
in the PAAT:RVET ratio, and a corresponding fall in LV EI in the
entire cohort (Fig. 1). There were no differences in PAAT, PAAT:
RVET or LV EI between the two groups at any time point (data not
shown, all p > 0.05). No changes were observed in LV ESWS
following a PRBC transfusion in the cohort (330 [220–427] vs. 333
[265–385] vs. 328 [275–414] dynes/cm2, p= 0.54). There was no
difference in BCA VTI between the two groups across the three
time points. However, coeliac artery VTI was lower in the PDA
group throughout the study period with significant differences
occurring on the first and third scans, there were no changes in
the coeliac artery VTI in either group over time (Fig. 2).
In the closed PDA group, RV function increased over the three

echocardiograms following the transfusion (Fig. 2). There was no
change in RV function in the PDA group throughout the study
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period (Fig. 2). There was no change in LV function following the
transfusion with no differences noted between the groups at any
time point (Fig. 2).

NIRS measurements
Infants in the PDA group had a higher rate of being below the
hypoxic threshold at baseline (non-significant trend, Table 3);
however, we did not observe a correlation between PDA diameter,
BCA VTI or coeliac artery VTI with any of the NIRS measurements
(all r < 0.3, all p > 0.05). Following the PRBC transfusion, there was

an increase in cerebral oxygen saturations and a corresponding
fall in cerebral FTOE in both groups with no differences noted
between infants with and without a PDA over the three
echocardiograms; only one infant in each group was below the
hypoxic threshold at 24 h post transfusion (Fig. 3 and Table 3).
Infants with a PDA had lower baseline splanchnic oxygen
saturations and higher baseline splanchnic FTOE compared with
infants without a PDA; those differences persisted throughout the
study period (Fig. 3 and Table 3). There was no change in
splanchnic oxygen saturations or splanchnic FTOE following a
transfusion in the PDA group. In the Closed PDA group, splanchnic
oxygen saturations increased, and splanchnic FTOE decreased
following the transfusion (Fig. 3 and Table 3).

DISCUSSION
This is the first study to prospectively evaluate premature infants
with echocardiography and NIRS to demonstrate divergent effects
of PRBC transfusion on splanchnic NIRS measurements in those

Table 1. Clinical and PDA characteristics of the cohort.

Open
PDA group
n= 10

Closed
PDA group
n= 20

p

Gestation (weeks) 25.3
[24.5–27.5]

27.1
[25.0–28.8]

0.12

Birthweight (g) 768 [630–852] 930
[776–1208]

0.02

Male sex 5 (50%) 10 (50%) 1.00

Age at transfusion (days) 14 [13–26] 22 [17–36] 0.07

Pre-transfusion
haemoglobin (g/dL)

10.4 [9.7–11.4] 9.9 [9.5–10.3] 0.13

Post-transfusion
haemoglobin (g/dL)

12.4
[11.4–14.5]

12.0
[11.3–12.4]

0.20

Ventilation status

Invasive ventilation 4 (40%) 0 <0.01

CPAP 5 (50%) 16 (80%) 0.12

High flow O2 1 (10%) 2 (10%) 1.00

Low flow O2 0 1 (5%) 1.00

PDA characteristics

PDA diameter (mm) 2.2 [1.7–2.7] 0 [0–0] <0.01

Brachiocephalic
artery VTI

9.3 [7.1–13.1] 9.1 [7.5–11.4] 0.89

Descending aorta end
EDF (m/s)

0.13
[0.12–0.13]

0.18
[0.13–0.31]

<0.01

Coeliac artery VTI 7.4 [3.8–10.5] 12.1
[10.3–14.8]

0.01

Values are presented as median [Interquartile range] or count (%).
CPAP continuous positive airway pressure, PDA patent ductus arteriosus,
VTI velocity time index, EDF end diastolic velocity.

Table 2. Clinical outcomes in the cohort.

Open
PDA group
n= 10

Closed
PDA group
n= 20

p

Grade 3 and 4 IVH 1 (10) 0 0.33

CLD 9 (90) 13 (65) 0.21

Postnatal steroids 4 (40) 5 (25) 0.43

Inotropes 5 (50) 6 (30) 0.43

Retinopathy of
prematurity

4 (40) 5 (25) 0.40

Necrotising
enterocolitis

5 (50) 4 (20) 0.12

Culture-proven sepsis 0 5 (25) 0.14

Mortality 1 (10) 1 (5) 1.0

Values are presented as count (%).
IVH intraventricular haemorrhage, CLD chronic lung disease.
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Fig. 1 Pulmonary haemodynamics during PRBC transfusion in the
cohort. Data are presented as mean ± 1 SD. Dagger (†) indicates a
significant change over time. Asterisk (*) indicates a significant
difference compared with baseline.
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with and without a PDA. A PRBC transfusion appears to have a PVR
lowering effect irrespective of PDA status, however, infants with a
PDA appear to have a suboptimal response to a PRBC transfusion
evident in the splanchnic circulation.

Impact of PRBC transfusion on indices of PVR
Our data demonstrated that following PRBC transfusion there was
a significant change in PAAT, PAAT:RVET and LV EI indicating a fall
in PVR, which occurred independently of the PDA status. The
relationship between PRBC transfusion and PVR is complex and
has been investigated in a variety of animal and human studies.4

Oxygen delivery and arterial oxygen content are significantly
increased following PRBC transfusion.18 However, rodent models
have reported that polycythaemia with haematocrits between 50
and 60% contribute to the evolution of pulmonary hypertension
through increased blood viscosity.4 Adult studies have suggested
increased pulmonary artery pressure and pulmonary vascular
resistance indices following PRBC transfusion through pulmonary
vasoconstriction, with such increases occurring to a greater extent
when patients are transfused with PRBCs stored over 21 days in
comparison to PRBCs stored for <14 days.19 In the paediatric
population, increasing haemoglobin concentration and haemato-
crit levels while maintaining a constant blood volume through
isovolumic exchange transfusion in nine infants with a large left to
right cardiac shunts was associated with a rise in systemic and
pulmonary vascular resistances, a concomitant decrease in
systemic and pulmonary blood flow and marked reduction in
their left to right shunt.7 It is possible that the administration of
PRBC transfusions to anaemic individuals aiming to normalise
haematocrit levels will drop PVR through increased oxygen
delivery to the pulmonary vascular tissue without a change in
blood viscosity; however, after a critical point ongoing increases in
haematocrit will induce rising PVR secondary to polycythaemia.

Further research within the neonatal population will be required
to further clarify this relationship.

Impact of PRBC transfusion on myocardial function
Previous studies have documented increased stroke volume and
LV output in anaemic premature infants, which normalise to
values comparable to non-anaemic premature infants following
PRBC transfusion.20–22 Our results demonstrated no change in LV
GLS or LV ESWS over the study period, a finding mirrored by
Radicioni et al. who also reported no change in LV ESWS following
PRBC transfusion in 32 anaemic premature babies.23 Utilising
tissue Doppler imaging, Saleemi et al. documented an improve-
ment in LV systolic and LV diastolic velocities on days 3–5
following PRBC transfusion compared to non-transfused con-
trols.24 It is possible that our assessment of myocardial function at
24 h following PRBC transfusion was too early to detect any
considerable alterations in LV function and that later evaluation on
days 3–5 post transfusion similar may have yielded different
results. Alkalay et al. postulated that a proportion of anaemic
premature infants are in a clinically unrecognised high output
cardiac state and that despite PRBC transfusions some echocar-
diographic measurements did not improve; potentially it takes
some time for post-transfusion myocardial adaptation to occur.25

We observed a significant increase in RV free wall strain
following PRBC transfusion in the no PDA group. This improve-
ment in RV function is likely related to the observed drop in PVR
indices and reduced RV afterload. There was no change in RV
function in the PDA group throughout the study period. No
demonstrable change in PDA calibre was observed following the
transfusion. However, we saw a small fall in PDA systolic velocity
by 24 h following a transfusion. This change is not in keeping with
the lower PVR observed as an increase in the pressure gradient
across the duct is expected to increase the velocity of blood flow.
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Fig. 2 Left and right ventricular function during PRBC transfusion in the cohort. Data are presented as mean ± 1 SD. Dagger (†) indicates a
significant change over time within a group. Asterisk (*) indicates a significant difference between groups at that time point.
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The small number of infants in this study precludes us from
investigating this observation further.

Impact of PRBC transfusion on cerebral and splanchnic
perfusion
Our results document an increase in cerebral oxygen saturation
and a corresponding decrease in cerebral FTOE over the study
period in both the open and closed PDA groups. Our findings are
consistent with previous publications; Mintzer et al. reported a
10% increase in cerebral tissue oxygenation with a concomitant
decrease in FTOE in ten neonates with a median gestational age of
26 weeks who received PRBC transfusion over the first week of
age and demonstrated increased cerebral oxygenation saturations
and decreased FTOE values following PRBC transfusion in a later
study of 23 premature infants born <30 weeks gestation over
1 month of age.26,27 Those findings are also replicated in several
other studies.28–30

Interestingly, our data revealed differential effects of PRBC
transfusion on splanchnic NIRS measurements between prema-
ture infants with and without a PDA. Babies in the PDA open
group have significantly lower splanchnic oxygen saturations and
higher splanchnic FTOE values compared to the PDA closed group
at baseline which persisted over the study period and were
unaltered by PRBC transfusion. In contrast, the PDA closed
group experienced a significant increase in splanchnic oxygen
saturation and a decrease in splanchnic FTOE values following

PRBC transfusion. The integration of echocardiography and NIRS
assessments in this cohort may help explain the differential
response between cerebral and splanchnic saturation. Echocardio-
graphy assessment of the BCA (a surrogate for cerebral perfusion)
and the coeliac trunk (a surrogate for splanchnic perfusion)
demonstrate a significant difference in flow in the coeliac trunk
between infants with and without a PDA with infants with a PDA
demonstrating lower coeliac VTI values; the coeliac trunk is a post
ductal vessel and it, therefore, is more likely to be adversely
affected by left to right PDA shunting. However, no such
differences in flow exist in the BCA. This preductal vessel may
be less affected by the left to right shunting of the PDA. Oxygen
delivery (DO2) to tissues is dependent of blood oxygen content
(CaO2) and cardiac output. Addressing only CaO2 by increasing
haemoglobin concentration is therefore unlikely to improve DO2

in the setting of low systemic blood flow secondary to the PDA.
There is evidence however illustrating that a haemodynami-

cally significant PDA can eventually affect the preductal cerebral
circulation. Poon et al. examined cerebral NIRS measurements in
29 premature infants pre and post medical/surgical closure
of hsPDA and reported a significant increase in cerebral oxygen
saturations following PDA treatment with a concomitant
decrease in FTOE values. In addition, this work found no
correlation between NIRS values and PDA size.31 Several other
studies have also demonstrated lower cerebral tissue oxygena-
tion in the presence of a PDA, especially when persisting and
failing medical treatment.32,33 This negative effect appears to be
more pronounced in small for gestational age infants.34

The impact of PDA on the post ductal circulation has been
previously demonstrated using NIRS. A recent study reported
lower renal oxygen saturation in infants with a haemodynami-
cally significant PDA (hsPDA) in comparison to infants with a
non-hsPDA while cerebral oxygen saturations were equivalent
between hsPDA and non-hsPDA groups.35 Such findings support
the concept of cerebral autoregulation as a protective mechan-
ism,36 and the contrasting effect a PDA has on pre- and post-
ductal blood vessels. Ledo et al. also documented a significant
relationship between a hsPDA and lower regional splanchnic
oxygenation.37

Previous studies have also assessed the impact of PRBC
transfusion on splanchnic NIRS; however, none have done so
while taking the presence of a PDA into consideration. Aktas et al.
documented a significant increase in abdominal oxygenation
saturation measurements following PRBC transfusion in their
study of 35 preterm infants born < 33 weeks gestation and
Banerjee et al. also reported that while mean superior mesenteric
artery peak systolic velocity and diastolic velocities were unaltered
by neonatal PRBC transfusion there was a significant increase in
splanchnic tissue oxygenation and a significant decrease in
splanchnic FTOE in extremely preterm infants post transfusion.38,39

Significantly greater variability in splanchnic tissue oxygenation
saturation values compared to cerebral tissue oxygen saturation
values during neonatal PRBC transfusion have also been
reported.40 Marin et al. reported that four very low birth weight
(VLBW) infants who developed transfusion-related necrotising
enterocolitis (TFNEC) demonstrated greater variation in mesen-
teric oxygenation values during PRBC transfusions in comparison
to four VLBW infants who did not develop TFNEC.41 It is postulated
that a rapid increase in abdominal tissue oxygenation following
PRBC transfusion may cause ischaemia–reperfusion injury through
oxidative stress and potentially trigger NEC.38,40,42 However, the
debate surrounding the association between PRBC transfusion
and NEC is very much ongoing with a 2018 systematic review and
meta-analysis finding a statistically significant reduction in the
odds of NEC in infants exposed to PRBC transfusion (odds ratio=
0.55, 95% confidence interval= 0.31− 0.98) and postulated that
PRBC transfusion may in fact be protective against the develop-
ment of NEC.43

Table 3. Cerebral and splanchnic NIRS in the cohort.

Open
PDA group,
n= 10

Closed
PDA group,
n= 20

p

Cerebral rSO2

Baseline 59 [54–72] 68 [59–75] 0.23

4 h post
transfusion

70 [61–75] 79 [69–85] 0.08

24 h post
transfusion

74 [67–81] 77 [69–79] 0.17

Cerebral FTOE

Baseline 0.36 [0.25–0.44] 0.28 [0.19–0.37] 0.19

4 h post
transfusion

0.28 [0.18–0.34] 0.17 [0.09–0.30] 0.10

24 h post
transfusion

0.22 [0.18–0.29] 0.21 [0.16–0.24] 0.34

Below hypoxic threshold (63%)

Baseline 6 (60%) 6 (30%) 0.14

4 h post
transfusion

3 (30%) 2 (20%) 0.66

24 h post
transfusion

1 (10%) 1 (5%) 1.00

Splanchnic rSO2

Baseline 33 [22–45] 47 [33–61] 0.04

4 h post
transfusion

36 [25–59] 64 [49–73] 0.02

24 h post
transfusion

33 [15–57] 67 [39–74] <0.01

Splanchnic FTOE

Baseline 0.64 [0.52–0.77] 0.50 [0.37–0.64] 0.03

4 h post
transfusion

0.61 [0.37–0.72] 0.35 [0.19–0.49] 0.03

24 h post
transfusion

0.65 [0.41–0.83] 0.31 [0.23–0.58] 0.01

Values are presented as median [interquartile range] or count (%).
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The limitations of this work are the small numbers of infants
included in this pilot study. Due to the low incidence of serious
adverse outcomes in our cohort, we were precluded from
assessing the relationship between low splanchnic saturations
and the development of NEC. We did not assess preductal arterial
saturation in this cohort and as such the calculation of cerebral
FTOE may not be accurate. We would have preferred to obtain an
echocardiogram 4–6 h after the initiation of a blood transfusion to
match the NIRS assessment time points. This however was not
feasible as this time point usually occurred after hours. We did not
observe an improvement in myocardial function following PRBC
transfusion in contrast to earlier studies, possibly due to the timing
of the echocardiogram being performed too early post transfu-
sion. Potential future directions for this work include adequately
powered studies investigating the haemodynamic impact of the
PDA in the context of PRBC transfusion on PVR, myocardial
function, cerebral and gut perfusion and oxygenation and
associations with neonatal morbidity including IVH and NEC.
In conclusion, this work has gleaned new insights into the impact

of PRBC transfusion on PVR, RV function, cerebral and splanchnic
oxygenation in the presence and absence of a PDA. Our data
emphasise the ongoing impact of ductal patency on gut oxygena-
tion and further studies are required to fully elucidate the potential
clinical impact of this observation on important neonatal outcomes.
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