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enterocolitis; VON, vermont-oxford network; ROP, retinopathy of 
prematurity; IVH, intraventricular hemorrhage; IRB, institutional 
review board

Introduction
Very low birth weight (VLBW) infants are prone to variety of 

complications during their often prolonged neonatal intensive care 
unit (NICU) stay. During their course they are exposed to multiple 
interventions that could potentially increase their morbidity and 
mortality risks as well. Red Blood Cell (RBC) transfusions are one 
of the most frequent interventions needed in caring for these infants. 
Nearly 80% of the VLBW population requires transfusions and 
frequently multiple.1,2

The premature baby is especially prone to anemia due to 
depressed erythropoietin production and repeated phlebotomy 
losses. This could be further complicated by several other factors 
including inadequate oxygenation from lung disease, patent ductus 
arteriosus, and/or concurrent acute illness.3,4 The potential for over 

utilization of transfusions in VLBW babies has been recognized for 
decades and conservation strategies have been implemented to reduce 
the frequency of transfusions with relative success.5−7 Surveys on 
neonatal transfusion practices still continue to show wide variability 
between various neonatal units over the past two decades.8,9 Even 
NICUs within the same system and operating under similar guidelines 
still show such variation in transfusion practices.10 One possible 
explanation for the observed variation is the uneven implementation 
of conservation strategies, and the fact that clear evidence-based 
indications for transfusions are still poorly-defined. Earlier transfusion 
protocols recommended higher transfusion thresholds in the face 
of increased oxygen demand and younger age.11 Meanwhile more 
guidelines recommend lower hemoglobin triggers for transfusions, 
while incorporating other indicators such as those of hemodynamic 
instability and hypoproliferative bone marrow state as reflected by 
low reticulocyte count in the presence of severe anemia.12−14

Transfusions have well-recognized infectious and allergic 
complications. Additionally, concerns over potential immune 
mediated,15 and iron related ill effects have become increasingly 
recognized.16−18 Associations with higher mortality, higher frequency 
of infections, and longer mechanical ventilation needs in critically ill 
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Abstract

Background:  Both prematurity and transfusions predispose to compromised outcome in 
very low birth weight infants.

Methods:  We retrospectively examined correlations of outcome with frequency of RBC 
transfusions and age of blood transfused to VLBW infants admitted to a level III neonatal 
intensive care unit between January 1st, and December 31st, 2008. Short and long term outcome 
data of the transfused were compared with the non-transfused. Correlation coefficient and 
multivariate analysis were applied for correlations within the transfused group. Significance 
was assessed at p<0.05.

Results: Of 189 VLBW infants identified; 106 (56%) received a mean 7.9±7.8 (median 5) 
transfusions/infant, with a mean volume of 147±183 (median 94) ml/infant. Transfused VLBW 
infants compared to those non-transfused had lower gestational age (GA), higher number of 
ventilator and length of stay (LOS) days. They also had higher incidence of intraventricular 
haemorrhage (IVH)>grade 2(14.9% vs3.2%), retinopathy of prematurity (ROP)>stage 
2(15.2% vs 0%), Sepsis (30.8% vs 4.9%, p.001), and mortality (15.1% vs 3.6%, p.009). 
There were 25 cases of necrotizing enterocolitis (NEC), 19 of them (76%) were preceded 
by transfusions within 72hours. Leukocytosis (p.o42) with relative granulocytosis (p.012) 
was seen at 24hours, and lymphopenia (p.035) at 12hours post transfusion. Multivariate 
regression analysis adjusting for GA, showed that frequent transfusions were associated with 
sepsis, ROP>stage II and IVH> grade II (OR 1.136, 1.056 and 1.036 respectively, p.001). 
RBCs older than 14days were associated with longer LOS (p.001) but no significant adverse 
associations seen on the multivariate analysis.

Conclusion: Transfusions are frequent in the VLBW infants and were associated with sepsis 
and post-transfusion NEC. Higher frequency of transfusions was associated with sepsis, 
severe ROP and IVH, while Older RBCs had no ill associations when adjusting for GA. Post-
transfusion changes in white cell count and its subgroups may suggest inflammation and/or 
immunomodulation that warrant further investigation.

Keywords:  neonatal anemia, transfusions, necrotizing enterocolitis, retinopathy of 
prematurity, premature, age of blood, neonatal mortality, neonatal sepsis

Journal of Pediatrics & Neonatal Care

Research Article Open Access

https://crossmark.crossref.org/dialog/?doi=10.15406/jpnc.2015.02.00077&domain=pdf


Complications associated with red blood cell (RBC) transfusions in the very low birth weight (VLBW) 
infant

2
Copyright:

©2015 Hassan et al.

Citation: Hassan N, Bush J, Foster A, et al. Complications associated with red blood cell (RBC) transfusions in the very low birth weight (VLBW) infant. J 
Pediatr Neonatal Care. 2015;2(3):1‒6. DOI: 10.15406/jpnc.2015.02.00077

children have been reported,19 while In the case of premature babies 
associations with higher grade retinopathy of prematurity (ROP),1 
acute lung injury,20 and necrotizing enterocolitis (NEC) have been 
reported.21,22 The storage age of blood has been shown to confer added 
risk for complications as suggested by several studies in the pediatric 
population;22−25 however a prospective randomized clinical study did 
not find this to be the case in the VLBW population.26

This study aimed to compare immediate and long term outcomes 
between transfused vs. non-transfused VLBW babies, and attempt 
to correlate those outcomes in the transfused with the frequency of 
transfusions and storage age of the transfused RBCs.

Materials and methods
Study setting and population

All babies <1500gm admitted to a level III NICU at a referral 
children’s hospital between January 1, 2008 and December 31, 2008. 
VLBW babies were identified in the data retrieved from the Vermont-
Oxford network (VON) database, as well as demographics and 
long term outcome data. Inclusion criteria were all infants less than 
1500gm birth weight that survived beyond the first 24hours of life, 
and were either born on site or transferred from other lower acuity 
units for further care. Also included were infants transferred briefly 
to another institution for retinal surgery and were transported back 
(those were stable older infants). Excluded were those that deceased 
within 24hours of birth, those ≥ 1500gram at birth, and those required 
extracorporeal membrane oxygenation( all were >1500 grams birth 
weight).

The hospital’s blood bank database was used to identify those 
transfused, extract the number, volume, age of RBC, and time of 
the transfusions. The patient’s electronic medical records were 
individually reviewed to extract short term events following the 
transfusions. Short term outcome data included fever, blood pressure, 
blood gases, acute lung injury (sustained increase in FiO2 needs, and 
if with P/F ratio was<300), and rising blood lactate within 24hours 
of transfusion. Sepsis and/or meningitis (defined by a positive blood 
culture or spinal fluid cultures) were counted as sepsis given the 
frequent association. White cell counts all within before and within 
48hours post transfusions were collected. Confirmed NEC cases were 
counted; those preceded by RBC transfusion within 72hours were 
identified.

Long term outcome data included length of NICU stay (LOS), 
mortality, mechanical ventilation days if longer than 24hours, 
retinopathy of prematurity (ROP)>stage II, and intraventricular 
hemorrhage (IVH) greater than grade II. Definitions were as defined 
by the VON database entry criteria  (Appendix 1). Excluded were 
infants that died within 24hours of admission. Also ventilator support 
less than 24hours, ROP ≤ stage 2 and IVH≤ grade II findings were 
excluded.

Statistical analysis

Quantitative variables were compared using the unpaired t-test 
for unequal variance, while nominal data were compared using the 
chi-square or Fisher’s exact test. For categorical outcome data odds 
ratio was also calculated. On a continuous scale Pearson’s correlation 
(R) with t-test (p value) for large samples and Spearman’s rho test 
with p value for smaller sample size were used to test age of blood 
correlation with parametric outcome endpoints. Logistic regression 
was used to test for associations between multiple variables and 
the dichotomous outcome variables ROP, IVH, and sepsis. The 

explanatory variables were number of transfusions, blood storage age, 
and volume transfused. Linear regression models were used for the 
continuous outcome variables LOS and ventilator days. Significance 
was assessed at p<0.05.

Waiver of consent

Institutional Review Board (IRB) approval was obtained to 
conduct the study. Given its retrospective observational nature the 
need to obtain prior consents was waived.

Results
Nine hundred and fifty two neonates were admitted to the NICU 

from January 1 –December 31, 2008. After exclusion of 19 babies due 
to early death; 189 VLBW babies were identified.106 of189 (56%) 
of the VLBW babies were transfused with a total of 834 transfusions 
(mean 7.87±7.85, median 5). The total volumes of PRBCs transfused 
were available in 783 of 834 transfusions (93%), with a mean 
volume of 147±183 (median 94)ml/ baby. Transfused VLBW babies 
compared to those nontransfused had lower gestational age, smaller 
birth weight, longer ventilator days, and longer LOS. These patient 
also had higher comorbidities such as IVH>grade 2, ROP>stage 2. 
Incidence of those who had at least one confirmed sepsis episode and 
mortality was significantly higher as well (Table 1).

Associated short term effects in the transfused cohort

Following transfusions there were clinically minor but statistically 
significant increase in mean BP (pre 44±12, 6hours post 46±13 p .001, 
12hours post, 45±12 p.001). No change was noted in FiO2, PO2, P/F 
ratio, temperature, or serum lactate. There was a significant increase 
in absolute WBC count the first 48 hours post transfusion, a relative 
increase in PMNs and decrease in lymphocytes percentages (Figure 
1). No significant changes were seen in absolute or relative bands, 
eosinophils, or monocytes counts.

Associated long term effects in transfused VLBW 
infants

The number and volume of transfusions were available in 106 and 
87 infants respectively. The unadjusted odds of higher volume and 
number of transfusions were significantly higher with younger GA 
and birth weight. The unadjusted odds were also significantly higher 
with higher grade IVH, higher stage ROP, as well as ventilator and 
LOS days.

Associated outcomes and storage age of transfused 
RBCs

Age of blood in days was available for 528 of 832 transfusions. 
There were 97 babies with at least one and 83 with all blood age 
available. Of the 528 transfusions available for analysis, 36 (6.9%) 
were <7days, 158 (29.9%) were 7-13days, 203 (38.4%) were 14-
20days, 107 (20.3%) were21-27days, and 24 (4.5%) were ≥ 28days. 
Overall mean age of blood was 16.1 ± 6.3days (median16days).

On a continuous scale

There was a correlation between older RBCs and lower 
white blood cell (WBC) count at 24hours (R-.154, P.026), lower 
polymorphonuclear neutrophils (PMNS) (R-.534, P.049), and higher 
monocytes count(rho.58, P.043) at 48hours post transfusion compared 
to baseline. On a continuous scale there was also a statistically 
significant correlation of older blood with lower mortality (spearman’s 
rho.479, p.001). However patients who had complete or partial lack 
of age of blood transfused were excluded since the maximum age 
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of transfused RBCs could not be determined. The deceased group 
had a higher number of transfusions per patient (dead n=16, 9.6±8.6 
transfusions/infant Vs. alive n=90, 7.6±7.7 transfusions/infant) with 
higher likelihood of receiving older blood, however half of them 
were excluded due to lack of maximum age of blood (8 of 16, 50%), 
compared to the surviving group (15 of 90, 16.7%) (Table 2).

On an interval basis

Several outcome parameters were compared for those who 
received RBCs younger or older than14, 21 and 28days. Of the 97 
patients who had RBCs age data available, 14 had incomplete age 
of blood for all units transfused, and they were excluded or partially 
included based on the maximum age of blood given. Since all patients 
receiving blood less than 14days old had 4 transfusions or less, in order 
to minimize the effect of the number of transfusions as a confounder 
we only compared patients who had a maximum of four transfusions.

There were several clinically insignificant short term outcome 

variables that reached statistical significance. A small decrease in 
WBCs at 24hours post -transfusion from pre- transfusion value for 
blood older than 14 days compared to an increase in those received 
blood less than 14days old (-.21 k±5.67 Vs +1.28 k±8.9, p.049). A 
slight decrease in FiO2 requirement occurred with RBCs older than 
14and 21days (-.01±.16 Vs .03±1.7, p.039 and -.03±.17 Vs .01±.17, P 
.023 respectively) 6hours post transfusion, and with blood older than 
14, 21 and 28days (-.01±.17.03±.18, p.019, -.02±.16 Vs.01±.18, p.031 
and -.04±.09 Vs.01±.18, p.028 respectively) 12hours post transfusion 
compared to younger blood. Also a clinically insignificant increase in 
PO2 was observed at 12 hours post transfusion for blood older than 
14days compared to younger blood (3.54±15 Vs 1.49±11, p.047).

There was a statistically significant longer length of stay in 
survivors who received RBC older than 14 and 21 days ( Figure 2). 
Increased number of ventilator days with older RBCs was also seen, 
but lost significance when only patients receiving ≤4 transfusions 
were compared (Table 3).

Table 1 Comparison of Transfused versus Non-Transfused Very Low Birth Weight babies

Variables Not Transfused (n= 83) Transfused (n= 106) P value (Test)
Birth Weight (gm) 1264 ± 183 919 ± 275 0.001*
Female Gender n (%) 44 (53%) 51 (48%) 0.504***
Gestational Age (weeks) 29.8 ± 2.1 26.6 ± 2.5 0.001*
Ventilator Days 19.8 ± 39.3 47.2 ± 64.6 0.018**

Median: 3 Median: 23
Length of Stay 42.1 ± 32.9 104.3 ± 79.2 0.001*

Median: 37 Median: 83
Mortality (%) 3 (3.6%) 16 (15.1%) 0.009***
IVH > Grade 2 2/62 (3.2%) 15/101 (14.9%) 0.018***
ROP> Stage II 0/37 (0%) 14/92 (15.2%) 0.010 (F)
Sepsis, Infant’s n (%) 4/81 (4.9%) 32/104 (30.8%) 0.001***

*: T-test; **: Mann Whitney test; ***: Chi-square test; F: Fisher’s exact test; IVH: Intraventricular Hemorrhage; ROP: Retinopathy of Prematurity

Table 2 Association of Higher Number of Transfusions and Larger Volume Transfused with Outcome Variables

Variables Higher Number of Transfusions (n=106) Larger Volume Transfused (n=87)
Lower Birth Weight (gm)* rho -0.577, (p.001) rho -0.474, (p.001)
Younger GA (weeks)* rho -0.561, (p.001) rho -0.502, (p.001)
IVH> Grade2 (OR, p-value)** OR 1.065 (1.002 - 1.132, p.042) OR=1.003 (p.086)
ROP>Stage 2 (OR, p-value)** OR 1.314 (CI1.154-1.496, p.001) OR1.018 (CI1.007-1.028, p.001)
Ventilator Days* rho 0.782 (p.001) rho 0.760 (p.001)
Sepsis within 48 hours (OR, p-value)** OR 1.136 (1.063-1.214,p.001) OR1.003 (p.129)
Mortality Rate (OR, p-value)** OR 0.971 (p.351) OR 1.0 (p.881)
LOS (days)* rho 0.669 (p.001) rho 0.656 (p.656)

*: Spearman’s rho for associations of continuous variables; **: OR, odds ratio (p-value) for categorical variables; ROP: Retinopathy of Prematurity; GA: Gestational 
Age; IVH: Intraventricular Hemorrhage

Table 3 Outcome comparisons of the transfused Very Low Birth Weight Infants based on an Intermittent Scale for the Age of RBC transfused

Age of RBCs <14 days (n=15) Vs. >14 days (n=34) < 21 days(n=28) Vs. ≥ 21 days (n=21) < 28 days z (n=43) Vs. 
≥ 28 days (n=6)

Transfusions n ± SD 1.7 ± 0.9 Vs. 2.3 ± 1.2 1.9 ± 1.0 Vs. 2.5 ± 1.2 2.1±1.8 Vs. 2.2.14±1.2
p value* p<0 .069 p<0.051 p<0.917
Birth Weight (grams± SD) 1025 ± 332 Vs. 1053 ± 228 1094 ± 292 Vs. 979 ± 200 1054±256 Vs. 975±308
p value * p<0.845 p<0.042 p<0.502
Gestational Age (weeks ±SD) 27.4 ± 2.72 Vs. 2.5 ± 2.1 27.9 ± 2.37 Vs. 27.0 ± 1.7 27.5±2.2 Vs. 28±1.1
p value * p<0.456 p<0.054 p<0.755
Sex, Females (%) 6(40.0%) Vs. 19(55.9%) 11(39.3%) Vs. 14(66.7%) 20(46%) Vs. 5(83%)
p value *** p<0.305 p<0.058 p<0.189 *
Ventilator Days ±SD 3.2 ± 1.3(n=5) Vs. 13.0 ± 17.1(n=19) 6.2 ± 5.7 Vs. 16.64 ± 21.5 11.7±16.2 Vs. 2
p value* p<0.053 p<0.167 p<0.464
Mortality n (%) 5(33.3%) Vs. 1(2.9%) 6(21.4%) Vs. 0(0%) 6(14.0%) Vs. 0(0%)
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Age of RBCs <14 days (n=15) Vs. >14 days (n=34) < 21 days(n=28) Vs. ≥ 21 days (n=21) < 28 days z (n=43) Vs. 
≥ 28 days (n=6)

p value ** p<0.008 p<0.031 p<1.000
LOS for Survivors Days ± SD 56.4 ± 16.8 Vs. 71.5 ± 19.9 59.2 ± 14.1 Vs.77.2 ± 21.5 66.9±20.3 Vs.74.6±18.6(n=6)
p value* p<0.001 p<0.001 p<0.247
IVH > Grade 2 n (%) 2(13.3%) Vs. 1(2.9%) 2 (7.1%) Vs. 1(4.8%) 3/39(7%) Vs. 0/6(0%)
p value** p<0.143 p< 1.000 p<1.000
Sepsis n (%) 1(6.7%) Vs. 5(14.7%) 2(7.1%) Vs. 4(19.5%) 6 (14%) Vs. 0(0%)
p value** p< 1.000 p<0.386 p<1.000

*: Mann Whitney; **: Fisher; ***: Chai-square; n: number of patient

Table Continued...

Figure 1 Changes in white cell count following transfusions in Very Low Birth 
Weight babies.

  *: T-test; **: Chi-square; WBC count is x102; PMN: Polymorphonuclear 
Neutrophils; WBC: White Blood Cells

Figure 2  Hospital length of stay and age of blood in those received ≤4 
transfusions.

Meanwhile, older blood had an association with lower mortality 
(2.9% Vs 3.3% p.008 at 14 days, 0% Vs 21.4% p.031 at 21days, and 
0% Vs 14% p1.00 at 28days). That difference was present even when 
those received more than 4 transfusions were included. Similar to 
the continuous correlation testing, lack of maximum age of blood in 
many nonsurvivors biased the result. Age of blood had no association 
with any adverse short term physiologic or laboratory parameters, 
incidence of sepsis, ROP>grade 2, or IVH>grade 2 on either the 
continuous or interval scales.

Incidence of NEC, transfusions, and age of blood

Twenty five cases of Confirmed NEC occurred in the transfused 
VLBW and non in the nontransfused group. 19 of those (76%) were 
transfused within the 72hours prior to making the diagnosis, (p0.009). 

Age of blood for this group was 16.1 ± 6.3 days (range 6-21); with 7 
transfusions older than, and 7 younger than14days. In the remaining 
5 cases, the age of the blood transfused was not available for our 
analysis.

Multivariate regression analysis

Incorporating maximum age of blood, number and volume of 
transfusions, and gestational age (GA) revealed that higher number 
of transfusions was significantly associated with IVH>grade II OR 
1.056 (CI 1.002-1.132, p.042), ROP>stage II OR 1.016 (CI 1.070-
1.369, p.002), and higher incidence of sepsis OR 1.136(CI 1.063-
1.214, p.001) (Figure 3). Higher volume transfused was significantly 
associated with only ROP > stage II OR 1.016 (CI 1.002-1.030, p.022) 
(Figure 4). Age of blood did not correlate with IVH, ROP or Sepsis.

Figure 3  Correlation of number of transfusions and outcome in VLBW 
infants. 

Figure 4 Correlation of volume of RBC transfused and outcome in the VLBW 
infants. 
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Discussion
Red blood cell transfusions continue to be a frequent occurrence 

while caring for the VLBW infants. Fifty six percent of our cohort 
received a median of 5 transfusions: 84% of those occurring in the 
ELBW subgroup. Transfusion rates have continued to decrease over 
the last decades. Some factors contributing to the falling rates are the 
implementation of conservative transfusion guidelines,7 utilization of 
erythropoiesis stimulating agents (ESAs),14 and practical measures 
such as the substitution of umbilical cord blood for the barrage of 
tests that newborns frequently need.27 Premature infants are inherently 
prone to adverse outcomes such as CLD, sepsis, NEC and IVH,28 
hence it is difficult to elucidate if transfusion is an independent risk 
that is contributing to a specific outcome parameter, or it is rather a 
marker of severity of illness.

Meanwhile there is an accumulating evidence of associated 
complications in the transfused premature babies. Valieva et al.,1 
reported a higher incidence of severe ROP in the transfused VLBW,1 
while Fortes Filhodemonstrated its association with higher volume of 
RBC transfused.29 A retrospective case controlled study also showed 
increased likelihood of Intraventricular hemorrhages in transfused 
patients.30 Similarly, the incidence of CLD was suggested to correlate 
with RBC transfusions in earlier reports.31,32 While more recently, 
Chen et al.,33 demonstrated that VLBW babies transfused more than 
30ml/kg had a significant increase of adjusted odds for developing 
CLD.33 This later finding however was not evident in our cohort.

Dos Santos et al.,34 presented the strongest evidence for the 
association between increased mortality and RBC transfusions. In a 
prospective comparison that adjusted for several confounders of acuity 
and included 8 neonatal centers, VLBW infants who received one 
transfusion had a relative risk of death of 1.49, and those received 2 
transfusions had a relative risk of 1.89. In their population transfusion 
rate was similar to ours at 53%, and infants received an average of 3.4 
transfusions per baby.34

Transfused infants in our study compared to the non-transfused 
were younger, and smaller in weight, which certainly places them 
at risk for the observed higher incidence of severe IVH and ROP, 
sepsis and higher ventilator days. Similar findings were also noticed 
in the results of the univariate regression analysis looking at different 
outcome parameters in relation to the number of the transfusions and 
volume of blood transfused.

The relationship between older RBC’s and worse outcomes is 
consistent with studies in PICU patients in previous reports. Gauvin 
et al.,24 prospectively demonstrated that transfusions with RBC older 
than 14days were associated with Multi-organ dysfunction (MOD) 
and higher mortality at 21days.24 Karam et al.,25 similarly showed 
prospectively the correlation of MOD with RBC older than 14days 
in the PICU patients.25 In a recent retrospective single center review, 
we have reported higher mortality intrauma patients that were 
transfused older blood.23 A similar finding of increased mortality was 
reported in adult trauma patients,35 but was not seen in burn patients.36 
Fergusson et al.,26 in a multicenter prospective study of VLBW babies 
showed that infants randomized to receive RBCs stored less than 
7days compared to standard issue had no difference in outcomes.26 
In that report the age of blood was 5.1 Vs 14.6days in the two groups 
respectively. The authors acknowledged that a storage age of 14 days 
may not be sufficient to detect differences in outcome.

More recently Cholette et al.,37 demonstrated in a pediatric cardiac 
surgery population, a quarter of which were neonates, that blood 
25-38days old compared to 7-15days old was associated with post-

operative infections even when the number of transfusion was limited 
to two. We stratified storage age into groups to better examine the 
effect of blood >14days. In our cohort the average age of RBCs was 
16days, with only 20% of the infants given blood 21-28days old, and 
less than 5% given blood older than 28days. Our blood bank guidelines 
limit the age of RBCs dispensed for VLBW babies to 28days, and to 
35days in older and larger infants. Such variation in the distribution 
of storage age does however dilute our ability to examine the effect 
of older blood. As such, the number of patients in the older blood 
groups is much smaller, and the higher the number of transfusions 
may be encountered in older babies that were more likely to receive 
older RBC. On an interval basis RBCs older than 14 and 21days was 
associated with longer LOS even after excluding all mortalities that 
may shorten the LOS, and limiting the analysis to only those received 
4 units of blood, since the maximum number of transfusions in the 
group that received blood younger than 14days, The latter adjustment 
corrects for the higher probability of receiving older blood with higher 
number of transfusions.

Of interest lower mortality was seen with older blood in the 
univariate analysis, however that observation is far from credible 
as we had to exclude patients with any missing age of blood. Those 
exclusions were disproportionately higher in the non survivors and 
resulted in much smaller non survivors in the older blood groups. On 
a continuous scale univariate analysis mortality again was associated 
with older blood. Multivariate analysis that included gestational age, 
volume and frequency of transfusions, as well as age of blood showed 
that there were no worse outcome parameters correlating with the age 
of blood. It showed that higher volume of RBCs transfused correlated 
with more advanced ROP, while a greater number of transfusions 
correlated with more advanced ROP, higher grade IVH and higher 
incidence of sepsis. Incidence of NEC as previously reported,22 
correlated with a preceding transfusion in 76% or the cases, however, 
no evidence of correlation with age of blood was seen, particularly 
given the small sample size. Transfusion induced immunomodulation 
has been discussed in the literature and is supported by reports of 
increased morbidities in transfused hospitalized and surgical patients.38 
Wang-Rodriguez et al.,15 studied lymphocyte marker expression 
In the VLBW babies prior to and following RBC transfusions. He 
demonstrated an early stimulation followed by later suppression.15 In 
our study population, transfusion was associated with post-transfusion 
diagnoses of sepsis. Meanwhile transfusion induced inflammation 
was suggested by Wright et al.,39 who reported a rise in white blood 
cell count following transfusions.39 We have similarly observed in our 
population a post transfusion increased white cell count primarily due 
to increased PMN while lymphocyte count tended to decline. Such 
pattern was reversed with older blood. This data may suggest an 
element of transfusion associated inflammation along with a possible 
immune alteration. It remain to be seen in future research if these 
findings are related in any way to our observed higher incidence of 
post transfusion sepsis, and the finding that 76% of the NEC cases 
were preceded by transfusions within 72hours prior to diagnoses.

Our study is limited by several factors. The retrospective design 
limits the strength of the outcome parameters to a mere association 
that is prone to several recognized and unrecognized confounders. 
Transfused infants were younger and smaller than the not-transfuse; 
while the smaller infants received higher level of exposure to 
transfusions. Prematurity as mentioned earlier, in and by itself 
predispose to more severe lung, gut, and brain immaturity hence more 
severe lung disease, longer ventilator days, higher incidence of NEC 
and IVH. The more immature immune system also predispose to higher 
incidence of sepsis. Above all the sicker younger premature infants 
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have more frequent phlebotomy losses in the face of smaller blood 
volume which results in the likelihood of more frequent transfusions. 
Simply put prematurity leads to more transfusions which are 
associated with complications known to be a product of prematurity. 
A second limitation was the lack of an acuity score to use to adjust for 
severity of illness as the study was conducted prior to adopting such 
practice in our NICU; however we have made several adjustments in 
the analysis including incorporating GA in the multivariate analysis. 
Lastly age of blood analysis is biased by the number of transfusions. 
The higher number of transfusions carries the higher probability of 
receiving older blood, hence we eliminated those received greater 
than 4 transfusions in the age of blood comparisons, as it was the 
maximum number received by the group that received blood younger 
than 14days. LOS analysis was also limited to survivors to minimize 
bias of mortality.

In summary, a significant number of VLBW infants still receive 
multiple transfusions and suffer from worse outcome. NEC was 
associated with RBC transfusions. On multivariate analysis adjusting 
for gestational age, higher number of RBC transfusions is associated 
with increased incidence of sepsis, severe ROP and IVH, whereas 
higher volume of PRBC’s was only associated with >stage II ROP. 
Transfused RBC older than 14days when adjusted for the number of 
transfusions was associated with longer LOS; however, no ill effects 
were seen in the multivariate regression analysis. Changes in white 
cell count and lymphocytes may be a marker of inflammation and /or 
immune modulation which warrant further investigations.
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