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Abstract

Objective: To investigate how a red blood cell transfusion volume of 15 or 20 ml/kg
bodyweight affects total number of administered transfusions and neonatal complications in
premature infants born before 32 gestational weeks.

Methods: In this observational study we analysed clinical data from two cohorts of 218 and
241 premature infants admitted to two neonatal centers which used the same transfusion
guideline and product, but different transfusion volumes. Outcome parameters were number
of administered transfusions and the composite outcome of bronchopulmonary dysplasia,
retinopathy of prematurity, intra-ventricular haemorrhage and mortality.

Results: The proportion transfused infants was significantly lower (59% vs 77%) in the
center using a lower transfusion volume of 15 ml/kg. In infants born between 24+°-27+¢
gestational weeks a similar proportion received transfusions in both centers, with an equal
number of transfusions per infant. In infants born between 28+°-31+¢ gestational weeks the
proportion of transfused infants (49% vs 74%) was significantly higher in the center using
a larger transfusion volume. In these infants transfusion with 20 mlL/kg resulted however in
a mean reduction of 1 transfusion episode per infant. The higher proportion of transfused
infants was associated with a higher pre-transfusion hematocrit in less ill infants, suggesting
the use of different triggers based on clinical grounds. Composite clinical complications were
similar in both cohorts.

Conclusion: Clinical neonatal outcome was similar disregard of a higher proportion of
transfused patients and a higher total amount of RBC transfused in one of the centers. A
larger transfusion volume of 20 ml/kg prolonged the interval until next transfusion and can
reduce donor exposure in infants born between 28+-31+¢ weeks of gestation.
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Introduction

The number of red blood cell (RBC) transfusions in premature infants has successfully declined the
past decade due to the use of specific transfusion guidelines.'* These comprise recommendations
for transfusion triggers based on the post-natal age of the infant and the need for respiratory
support, as well as a recommended transfusion volume range from 10 to 20 ml/kg body weight,
an equivalent of 2-4 units of RBC in adults. These guidelines are however not evidence based.
In addition, strategies to limit donor exposure by dedicating a blood product to one or two
premature infants have been evaluated.*> Single-donor programs have been shown to be
feasible® and cost-effective” but are not standard practice in every neonatal center. In spite of
these guidelines, premature infants are still frequently transfused.

Recently the use of restrictive transfusion triggers has been addressed in several randomized
controlled trials.®® Two randomized studies, in which a restrictive and a more liberal transfusion
strategy were compared, showed that the use of restrictive transfusion triggers resulted in a
lower number of transfusions per infant or fewer infants receiving transfusions.®° The results of
the first study by Bell et al, suggested that infants under a more restrictive transfusion policy may
experience a higher rate of neurologic sequelae.® These adverse effects were not observed in the
larger so called Premature Infants in Need for Transfusion (PINT) study by Kirpalani.® Lowering
the transfusion triggers may be feasible; however; this should still be conducted in well designed
clinical trials. Studies on the impact of a higher transfusion volume per kg body weight on the
total number of transfusions per infant are scarce. Paul and colleagues compared transfusion
with 10 and 20 ml/kg in 13 very low birth weight infants and found higher post-transfusion
hematocrits when transfused with 20 ml/kg. Whether the higher volume resulted in a lower
number of transfusions per infant could not be confirmed in this study.' Wong et al compared
15 mL with 20 ml/kg and reported significant higher post-transfusion hematocrits, but a higher
transfusion volume did not result in a lower number of transfusions per infant."

It is difficult to compare transfusion volume reliably as the RBC volume is dependent on the
product used. For instance, although the transfusion volume per kg in the studies by Bell and
Kirpalani was similar, the transfused products were different. Bell et al transfused products that
had a hematocrit between 80 and 85%.2 The products transfused in the PINT study were washed
before transfusion and the actual hematocrit of these products was not mentioned.® How
differences in RBC volume in transfusion products affect total transfusion needs and outcome
is unknown.

In this study we compared clinical data from two of the ten Dutch tertiary neonatal centers, using
the same transfusion thresholds'? and the same transfusion product, but a different transfusion
volume per kg bodyweight. Our aim was to investigate whether a different transfusion volume
affected the total number of received transfusions until discharge to home and clinical relevant
morbidity in premature infants born before 32 weeks of gestation.
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Material and Methods

This study was approved by the medical ethical committees of the Leiden University Medical
Center and the University Medical Center Utrecht. Informed consent was obtained from the
parents of all included infants.

Subjects Studied

Between December 2004 and October 2006, clinical data from premature infants born before
32 weeks of gestation were registered in Unit A. In Unit B, data collection was performed
from March 2005 until October 2006. Infants suffering from allo-immune haemolytic disease,
congenital infections or those in need of major surgery (ie gastro-intestinal or cardio-thoracic
surgery) were excluded from analysis. All other infants were included. Data on gestational age,
birth weight, gender, Apgar score, mortality, endotracheal ventilation, transfusion parameters
(number of transfusions, increase in hematocrit, time interval until next transfusion and volume
transfused) and the CRIB (Clinical Risk Index for Babies) Il score were collected on clinical request
forms from birth until discharge.' The CRIB Il score is a risk adjustment tool that comprises 5 items
(gestational age, gender, birth weight, temperature and base excess at admission) and a score
ranging from 0 to 27, with higher scores indicating a higher risk of mortality and morbidity. Data
on neonatal complications, i.e. retinopathy of prematurity (ROP)', bronchopulmonary dysplasia
(BPD)'> and intra-ventricular haemorrhage (IVH)'®, and length of stay until discharge home, were
obtained from our hospitals or the referral hospitals.

Transfusion guideline

All infants were transfused according to the Dutch consensus for blood transfusion.'? The

recommended transfusion triggers vary with postnatal age and need for respiratory support.

- In the first 24 hours after birth:<Hb 8 mmol/L (13g/dL) (hematocrit range 0.38-0.40 L/L)
capillary (or < 7 mmol/L arterial (11g/dL)) (hematocrit range 0.32-0.35 /L)

- Stable infants with cardio-respiratory problems and/or mechanical ventilation: Hb 7 mmol/L
(11g9/dL) (hematocrit range 0.32-0.35 /L) capillary

- Infants with a postnatal age < 4 weeks: Hb 6 mmol/L (10g/dL) capillary (hematocrit range 0.27-
0.3 L); and infants with a postnatal age > 4 weeks: Hb 4.5 mmol/L (7g/dL) (hematocrit range
0.2-0.23 /L) capillary. In case of symptomatic anemia, it is recommended that transfusion
should take place at higher triggers.

Transfusion volume per kg body weight was different between the hospitals; 15 ml/kg in Unit

A and 20 ml/kg in Unit B. These transfusion volumes were not specially chosen for this study,

but were part of the standard practice in the neonatal intensive care units. The same transfusion

product was used in both hospitals. All products consisted of pre-storage filtered RBC stored

in additive solution SAG-M, with a hematocrit between 0.55 and 0.65 L/L. The products were

irradiated with 25 Gy less than 24 hours before transfusion.
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Outcome parameters

Primary outcome included mortality and a composite of clinical relevant morbidities (ROP, BPD and
IVH). The total number of transfusions, transfused volume, transfusion triggers, post-transfusion
hematocrit measured 24 hrs after transfusion and length of stay were specified as secondary
outcome parameters.

Statistical analysis

All variables were analysed by univariate analysis for continuous variables and Chi-Square or
Fishers exact probability test for nominal variables (SPSS 12). Backward stepwise logistic regression
analysis was used for the independent effect of the Apgar score, CRIB Il score, mechanical
ventilation and hospital of admittance, on the transfusion needs. A p-value of less than 0.05 was
considered significant.

Results

Study population

In the, respectively, 22 and 19 month study period, a total of 221 infants in Unit A and 248
infants in Unit B were born before 32 weeks of gestation. After admittance three and seven
infants respectively were in need of major surgery, and were excluded from analysis. A total of
459 infants were included in this study, 218 infants in Unit A and 241 infants in Unit B. Both
groups were comparable with regard to birth weight, gestational age, gender, median Apgar
scores, median CRIB Il scores and need for endotracheal ventilation (Table 1). The CRIB Il score
was incomplete in 27 infants from the Unit B cohort and these were indicated as missing in
further analysis. All data on other variables were complete.

Administered transfusions and transfusion parameters

In Unit A 128 out of 218 (59%) infants born before 32 weeks of gestation received red blood
cell transfusions, compared to 186 out of 241 (77%) infants in Unit B (p <0.001). In the infants
born between 24+0-27+ weeks of gestation respectively 95 % and 91% of the infants received
transfusions. In the group born between 28+ and 31+¢ weeks the proportion of infants receiving
blood transfusions was respectively 49% (n=86) in Unit A and 74% (n=147) in Unit B (p <0.001).
(Table 1) Because of this difference, we also analysed the cohorts according to gestational age.
In the following two paragraphs the results from the infants born between 24+°-27+ weeks and
from the infants born between 28+-31+¢ weeks of gestation are shown separately.
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Table 1: Clinical characteristics of the study population

Unit A (n=218) Unit B (n=241)
Birth weight, g (mean + SD) 1256 + 358 1261 + 343
Gestational age weeks (mean, range) 29+3(25%0-31+6) 29%3 (25*9-31+9)
- 24+0-27+ weeks, % (n) 20% (44) 18% (43)
- 28+-31+6 weeks, % (n) 80% (174) 82% (198)
Born from singleton pregnancy, % (n) 62% (134) 66% (159)
Born from multiple pregnancy, % (n) 38% (84) 34% (82)
Male gender, % (n) 57% (125) 56% (135)
CRIB Il Score (median, range) 7 (1-16) 6 (1-14)*
AS 5 <7, % (n) 12% (27) 11% (26)
Cord clamping time, s (median, range) 5 (0-30) 10 (0-120)
Endotracheal ventilation % (n) 48% (105) 42% (100)
Ventilation days, median (range) 4(1-89) 6 (1-95)
Infants requiring transfusion, % (n) 59% (128)* 77% (186)*
-24-28 weeks, % (n) 95% (42) 91% (39)
-28-32 weeks, % (n) 49% (86)* 74% (147)*

Abbreviations: CRIB: clinical risk index for babies; AS: Apgar score
*Median CRIB Il score of 214 infants, 27 scores in Unit B were incomplete
#p-value <0.01

In the group infants born between 24+-27+¢ weeks, the number of infants receiving transfusions
was comparable, respectively 42 out of 44 (95% ) in Unit A and 39 out of 43 (91%) in Unit B
(b= 0.43). Also the mean number of transfusions per infant was similar, 5.1 = 2.9 in Unit A and
5.2 £2.3in Unit B (p= 0.88, mean difference 0.1, 95% Cl (-1.2 — 1.1)). Consequently this resulted
in a significant difference in total transfusion volume of 77 versus 104 mL per kg body weight.
The median first day of transfusion was day 5 (range 1-33) in Unit A and day 3 (range 1-49) in
Unit B (p <0.01). The median interval until the next transfusion was 7 days (range 0-44) in Unit A
and 9 (range 0-59) in Unit B (p= 0.02). The pre-transfusion hematocrit and hematocrit increment
after transfusion (£24 hours) were not statistically different. (Table 2)

The number of infants born between 28+°-31+¢ weeks that received transfusions was significantly
higher in Unit B. The mean number of transfusions per transfused infant was respectively 3 + 2.7
in Unit A and 2 £ 1.5 in Unit B (p < 0.01, mean difference 1.0, 95% Cl (0.3 — 2.0)). The mean
volumes transfused per kg body weight were comparable (45 mL per kg in Unit A and 40 mL per
kg in Unit B). The median first day of transfusion was comparable in Unit A and B, respectively
day 8 (range 1-77) and day 8 (range 1-84), but the interval until the next transfusion was 9 days
(range 0-97) in Unit A and 14 days (range 0-65) (p <0.01) in Unit B. Transfusion trigger and
hematocrit increment after transfusion showed no differences between both groups. (Table 2)
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Table 2: Transfusion parameters in the transfused infants according to gestational age

24+9-27+6 weeks 28+0-31+6 weeks
Unit A Unit B p-value Unit A Unit B p-value
(n=42) (n=39) (n=86) (n=147)

Total number Tx, mean x SD 51£29* 52+23* 0.88 3.0+2.7* 2.0x15* <0.01
Total volume transfused, ml/kg, 77 + 44 104 + 46 <0.01 45 + 41 40 + 30 0.20
mean + SD

15t Tx day, median (range) 5(1-33) 3(1-49) <0.01 8 (1-77) 8 (1-84) 0.99
Interval until next Tx, 7 (0-44) 9 (0-59) 0.02 9(0-97) 14 (0-65) <0.01
days median (range)

Hematocrit trigger, % 349+47 354+29 0.18 346+46 346+36 0.99
Hematocrit increment?, % 10150 9.7x43 0.38 10.1+59 10.7x42 0.33

*transfusion volume per kg: unit A 15ml/kg and unit B 20ml/kg; # calculated + 24hours after transfusion.
Abbreviation: Tx: transfusion

Transfusion triggers in practice

Within the first 24 hours after birth, a Hb of lower than 8 mmol/L (13g/dL) is recommended as
transfusion trigger. Respectively 17 (8%) and 32 (13%) infants were transfused in Unit A and B
within 24 hours after birth. The mean hematocrits before transfusion were respectively 34.3 =
8.1 and 33.6 £ 5.8 (p= 0.71). After 24 hours, the recommended trigger depends on whether
an infant suffers from cardio-respiratory problems. We compared the proportion of transfused
infants in both units that also had endotracheal ventilation. These proportions were similar in
both cohorts, 85 infants out of 218 in Unit A (39%) and 90 infants out of 241 in Unit B (37%).
The mean hematocrit before transfusion was respectively 35.1 = 4.6 and 35.2 = 3.1 in both
cohorts.

The proportion of transfused infants without endotracheal ventilation was 43 out of 218 in
Unit A (19%) and 96 out of 241 in Unit B (40%). The mean hematocrit before transfusion was
respectively 32.1 £ 4.3 in Unit A and 34.4 + 3.7 in Unit B (p= 0.001 mean difference 2.3; 95%Cl
(-3.7;-0.78)).

Clinical outcome

Composite mortality and neonatal complications in both total cohorts as well when analysed
according to gestational age were comparable. (Table 3A and 3B).
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Table 3A: Neonatal mortality and morbidity in the study cohorts

Unit A (n=218) Unit B (n=241) p-value
Composite mortality, 47% (102/218) 41% (100/241) p=0.26 OR 1.2 (0.9-1.8)
BPD, ROP and IVH, % (n)
Mortality, n (%) 5% (11/218) 5% (13/241) p=1.00 OR 1.1 (0.5-2.4)
Survived with BPD (total), n (%) 26% (53/207) 22% (51/228) p=0.43 OR 0.8 (0.5-1.3)
> grade 2, n (%) 10% (20/207) 12% (28/228) p=0.44 OR 1.3(0.7-2.4)
Survived with ROP (total), n (%) 9% (18/207) 5% (11/228) p=0.12 OR0.5(0.3-1.2)
> grade 3, n (%) 4% (7/207) 2% (5/228) p=0.56 OR 0.6 (0.2-2.1)
Survived with IVH (total), n (%) 23% (47/207) 21% (47/228) p=0.64 OR 1.1 (0.7-1.8)
>grade 3, n (%) 3% (7/207) 3% (7/228) p=1.00 OR 0.9 (0.3-2.6)
Length of stay, median (IQR) 58 days (45-76) 56 days (47-69) p=0.41

Abbreviations: BPD: bronchopulmonary dysplasia, ROP: retinopathy of prematurity, IVH: intraventricular
hemorrhage, IQR: interquartile range
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Predictors of receiving a transfusion

The variables Apgar score, mechanical ventilation, CRIB Il score and hospital of admittance
were included in a multivariate analysis. The hospital of admittance (OR 4.7 (95% Cl 2.7-8.0)),
mechanical ventilation (OR 3.6 (95% Cl 1.9-6.4)) and the CRIB Il score (OR 1.5 (95% CI 1.4-1.7))
were independent predictors of transfusion needs (p <0.001). (Table 4) Because the median CRIB
Il scores, the number of infants with mechanical ventilation and duration of ventilation were
comparable between both cohorts (Table 1), differences in proportion of transfused infants and
transfusion outcome could only be explained by differences in hospital transfusion practice.

Table 4: Predictors of receiving transfusions after premature birth < 32 gestational weeks

p-value* OR 95% Cl of OR
Hospital of admittance <0.001 4.7 2.7-8.0
CRIB Il score <0.001 1.5 1.4-1.7
Mechanical Ventilation <0.001 3.6 1.9-6.4

*included variables: CRIB Il score, Apgar score, mechanical ventilation, hospital of admittance

Discussion

More than half of the infants born before 32 weeks of gestation received blood transfusions early
in life. This is in accordance with published practice since the introduction of specified transfusion
guidelines for premature infants."” Postulated transfusion triggers and transfusion volumes per
kg body weight in the current guidelines remain topics of discussion. In the Netherlands, all
ten perinatal centers use transfusion triggers that are recommended in the Dutch transfusion
guideline. The transfusion volume per kg body weight however varies within a range of 10-20 mL/
kg. In this observational study we aimed to investigate whether a different standard transfusion
volume per kg body weight had impact on the total number of administered transfusions and
clinical outcome in two cohorts of premature infants born before 32 gestational weeks.

Although the demographic parameters were similar between both cohorts, we surprisingly
observed a significant difference in the number of infants receiving RBC transfusions, 59% in Unit
A and 77 % in Unit B (Table 1). When we analysed the cohorts according to their gestational age
at birth, almost all infants born between 24+0-27+¢ weeks of gestation received RBC transfusions
in both units. Transfusion with 20 ml/kg did not reduce the total number of transfusions and
increased the transfused RBC volume by 35%. As we observed no differences in hematocrit before
and after transfusions between Unit A and B, we can only speculate about possible explanations
for this difference. These may be due to larger phlebotomy losses in Unit B, or differences in fluid
intake or less use of diuretics. The greater volume transfused in infants in Unit B and thereby a
greater volume of hemoglobin A, was not associated with a deleterious effects on the health
status of these infants. In both units these extreme low gestational age infants suffered from
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considerable mortality and such extensive morbidity that a possible deleterious effect of a larger
transfused volume remains undetected (Table 3B).

Analysis of the two cohorts born between 28+°-31+¢ weeks of gestation showed a significant
difference in the proportion of transfused infants (49% versus 74 %) between both units.
Although the number of administered transfusions per infant in Unit A was higher; when
adjusted for the smaller transfusion volume per kg bodyweight; the transfused infants received
comparable volumes of donor blood (Table 2). If a center does not apply a donor reduction
policy by reservation of a RBC unit for the same patient, transfusion with a lower volume can
lead to a higher donor exposure. The first transfusion day was similar between both cohorts.
The interval between transfusions however was significantly shorter in Unit A, which used a
lower transfusion volume. Comparing the clinical outcome of both 28+°-31+¢ week cohorts, we
observed no statistical differences. Although in Unit A, fewer infants received transfusions, this
was not associated with a poorer clinical outcome, compared to Unit B.

Surprisingly, we did not observe a higher hematocrit increase after transfusion with a larger
amount of red cells. In the study performed by Paul et al, the higher hematocrit increment after a
larger transfusion volume was measured 8 hours after transfusion instead of after 24 hours as in
our study. The use of furosemide or other diuretics given as a single dose post-transfusion is not
standard practice in our centers. Nevertheless we saw benefit of the larger volume with respect
to a longer interval to next transfusion.

In view of the difference in number of transfused infants that were born after 28+°-31+¢ gestational
weeks, we looked at the transfusion triggers that had been used in infants in relation to the
recommended transfusion triggers, i.e. infants less than 24 hours after birth and infants with and
without endotracheal ventilation. Only in infants older than one day and without endotracheal
ventilation, we observed a higher pre-transfusion hematocrit in Unit B. This higher trigger could
explain the larger number of transfused infants. The decision to transfuse could be influenced
by a difference in clinical symptoms that were not recorded, e.g. apnea or arrhythmia or to a
different perception of clinical symptoms by the physicians. In view of these possible differences,
a scenario-based survey between the neonatal intensive care units could help to identify under
which circumstances the decision to transfuse differs most.

Logistic regression analysis confirmed the hospital of admittance as an important independent
predictor of the administration of transfusions. Since the median CRIB Il scores and number of
infants with mechanical ventilation in both units were comparable, differences in the proportion
of transfused infants and outcome could only be explained by different transfusion and/or other
policies (e.g. phlebotomy, fluid management, clinical opinion) in the hospitals.
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Observational studies like this have many limitations. All data were collected and analysed in
retrospect. Because we expected that the indication for transfusion would be similar, we
anticipated on investigating the effect of a different transfusion volume using the same
transfusion product. This clinical research gquestion was initiated by observations in critically ill
adult patients after cardiac surgery revealing that postoperative complications were associated
with transfusions of 4 units or more, representing more than 15 ml/kg bodyweight.'® Overall we
observed no differences in clinical composite complications and cannot conclude that a smaller
or larger transfusion dose is to be preferred. Transfusing with 20 ml/kg may reduce donor
exposure in infants born between 28+°-31+ weeks of gestation if a single donor program is not
used. Despite the use of the same national guideline, the clinical motivation for the decision to
transfuse appeared to differ between both hospitals, in our study especially in case of more stable
infants. Audits among neonatal intensive care units, could be used to better understand why such
differences exist when the same guidelines are supposedly being used.

This study was supported by ZonMW grant number 945-04-609.

32 | Chapter2



Reference list

16.
17.

Maier RF, Sonntag J, Walka MM, Liu G, Metze BC, Obladen M. (2000) Changing practices of red
blood cell transfusions in infants with birth weights less than 1000 g. Journal of Pediatrics 136
(2):220-224.

Gibson BE, Todd A, Roberts I, Pamphilon D, Rodeck C, Bolton-Maggs P, Burbin G, Duguid J, Boulton
F, Cohen H, Smith N, McClelland DB, Rowley M, Turner G; British Commitee for Standards in
Haematology Transfusion Task Force: Writing group. (2004) Transfusion guidelines for neonates and
older children. British Journal of Haematology, 124(4):433-453.

Miyashiro AM, Santos N, Guinsburg R, Kopelman BI, Peres Cde A, Taga MF, Shinzato AR, Costa Hde
P. (2005) Strict red blood cell transfusion guidelines reduces the need for transfusions in very-low-
birthweight infants in the first 4 weeks of life: a multicentre trial. Vox Sanguinis, 88, 107-113
Straatten van HL, Wildt-Eggen de J, Huisveld IA. (2000) Evaluation of a strategy to limit blood donor
exposure in high risk premature newborns based on clinical estimation of transfusion need. Journal
of Perinatal Medicine. 28(2):122-128

Fabres J, Wehrli G, Marques MB, Phillips V, Dimmitt RA, Westfall AO, Schelonka RL. (2006) Estimating
blood needs for very-low-birth-weight infants. Transfusion, 46:1915-1920

Strauss RG, Wieland MR, Randels MJ, Koerner TAW. (1992) Feasibility and success of a single-donor
red cell program for pediatric elective surgery patients. Transfusion 32 (8): 747-749

Hilsenrath P Nemechek J, Widness JA, Cordle DG, Strauss RG. (1999) Cost effectiveness of a limited-
donor blood program for neonatal red blood cell transfusions. Transfusion, 39(9): 938-943

Bell EF, Strauss RG, Widness JA, Mahoney LT, Mock DM, Seward VJ, Cress GA, Johnson KJ, Kromer
1J, Zimmerman MB. (2005) Randomized trial of liberal versus restrictive guidelines for red blood cell
transfusion in preterm infants. Pediatrics, 115 (6):1685-1691

Kirpalani H, Whyte RK, Andersen C, Asztalos EV, Heddle N, Blajchman MA, Peliowski A, Rios A,
LaCorte M, Connelly R, Barrington K, Roberts RS. (2006)The Premature Infants in Need of Transfusion
(Premature Infants in Need for Transfusion) study: a randomized controlled trail of a restrictive (low)
versus liberal (high) transfusion threshold for extreme low birth weight infants. Journal of Pediatrics,
149(3):301-307

Paul DA, Leef KH, Locke RG, Stefano JL. (2002) Transfusion volume in infants with very low birth
weight: a randomized trial of 10 versus 20 ml/kg. Journal of Pediatric Hematology/Oncology 24 (1):
43-46

Wong H, Connely R, Day A, Flavin MP. (2005) A comparison of high and standard blood transfusion
volumes in premature infants. Acta Pediatrica, 94:624-625

Dutch Institute for health care improvement CBO Guideline Bloodtransfusion. (2004) Guideline Blood
transfusion. Utrecht: van Zuiden Communication BV: 133-139

Parry G, Tucker J, Tarnow-Mordi W. (2003) CRIB II: an update of the clinical risk index for babies score.
Lancet, 361(9371):1789-1791

The International Classification of Retinopathy of Prematurity revisited. (2005) Archives of
Ophthalmology, 123(7):991-999

Ehrenkranz RA, Walsh MC, Vohr BR, Jobe AH, Wright LL, Fanaroff AA, Wrage LA, Poole K; National
Institutes of Child Health and Human Development Neonatal Research Network (2005) Validation of
the National Institutes of Health consensus definition of bronchopulmonary dysplasia. Pediatrics, 116
(6):1353-1360

Volpe JJ. (2001) Neurology of the Newborn. Fourth ed. Philadelphia, PA: WB Saunders; 428-493
Jansen M, Brand A, von Lindern JS, Scherjon S, Walther FJ. (2006) Potential use of autologous
umbilical cord blood red blood cells for early treatment of anemia of prematurity. Transfusion, 46:
1049-1056

Bilgin YM, van de Watering LM, Eijsman L, Versteegh MI, Brand R, van Oers MH, Brand A. (2004)
Double blind, randomized controlled trial on the effect of leucocyte depleted erythrocyte transfusions
in cardiac valve surgery. Circulation, 109 (22):2755-60

A comparative cohort study on transfusion practice and outcome in two Dutch tertiary neonatal centers | 33








