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Abstract
Objective To evaluate the association between red blood cell (RBC) transfusion leading to necrotizing enterocolitis (NEC) within
48 h, known as transfusion-associated necrotizing enterocolitis (TANEC).
Methods A nested case-control study using historical data was conducted in the neonatal intensive care unit of Songklanagarind
Hospital, Thailand. All very low birth weight (VLBW) infants delivered between November 2009 and July 2016 were enrolled.
The infants were identified as RBC transfusion received and NEC developed. Logistic regression was used to evaluate risk
factors for transfusion and the association between RBC transfusion and NEC.
Results Four hundred and forty-four VLBW infants were enrolled in the study. The median (interquartile range) gestational age
was 29 (27, 31) wk. The overall incidence of NEC was 13%. Three (5.2%) of the NEC infants had TANEC. The infants who
received RBC transfusion had a lower gestational age [odds ratio, OR 0.64; 95% confidence interval (95%CI) 0.57, 0.73, p
< 0.001] and were more likely to have pneumonia (OR 9.86; 95%CI 5.02, 19.35, p < 0.001) or to have received H2 blocker (OR
2.92; 95%CI 1.73, 4.93, p < 0.001). The ORs (95%CI) after adjusting for confounders, the association between RBC transfusion
and NEC for transfusions ≤2 d, >2 to 4 d, and > 4 to 6 d prior to NECwere 1.83 (0.41, 8.16; p = 0.43), 1.7 (0.26, 11.16; p = 0.58)
and 1.19 (0.31, 4.62; p = 0.80) respectively.
Conclusions After controlling of confounders, no evidence of association was found between RBC transfusion and TANEC.
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Introduction

Necrotizing enterocolitis (NEC) is a common and devastating
condition in neonates. The incidence of NEC is 0.7–1.0 per
1000 live births with a significantly higher incidence among
very low-birth-weight infants (VLBW) [1]. The reported inci-
dence of NEC is 3–5:1000 live births in Thailand [2]. The
mortality rate associated with NEC is in the range of 15–
30% which increases to 30–50% in cases requiring surgical

intervention [3]. Long-term morbidities are often associated
with neurologic impairment, sensory deficits, poor growth,
and feeding difficulties from intestinal stricture or short bowel
syndrome [4, 5]. The pathogenesis of NEC remains uncertain
with multifactorial risk factors that include feeding during red
blood cell (RBC) transfusion and anemia [6]. More than half
of VLBW infants receive 1 or more transfusions during hos-
pitalization. RBC transfusions are associated with an in-
creased risk of death or the development of NEC, retinopathy
of prematurity (ROP), and bronchopulmonary dysplasia
(BPD) [7]. A meta-analysis of retrospective studies demon-
strated an association between the infants who received RBC
transfusion and NEC, with an increased risk of NEC in the
RBC transfusion group [8]. However, another meta-analysis
of randomized trials showed no difference in the incidence of
NEC between infants who received conservative treatment vs.
those in the liberal RBC transfusion group [9]. In addition,
recent prospective studies have found no association between
RBC transfusion and NEC [6] and one systematic review and
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meta-analysis showed a protective effect of RBC transfusion
on the subsequent development of NEC [10].

The primary objective of this study was to evaluate the
association of RBC transfusion leading to NEC within 48 h
[transfusion-associated necrotizing enterocolitis (TANEC)].
The secondary objectives were to evaluate the risk factors
for transfusion and neonatal outcomes of the infants who
underwent transfusion compared to those who did not.

Material and Methods

A nested case-control study was conducted in a single 15-bed,
level IV neonatal intensive care unit (NICU) of
Songklanagarind Hospital, a university-affiliated teaching hos-
pital at Prince of Songkla University in Hat Yai, Songkhla,
Thailand. The enrolled patients included all VLBW infants
born less than 32 wk of gestation who weighed less than
1500 g at birth and were admitted to the NICU between 18
November 2009 and 29 July 2016. Infants with major congen-
ital malformations, congenital cyanotic heart disease, congeni-
tal gastrointestinal tract anomalies, spontaneous intestinal per-
foration, death within 24 h of life, and incomplete medical
records were excluded. The study was approved by the Ethics
Committee Board of the Faculty of Medicine, Prince of
Songkla University. On the basis of NEC presence and the
onset of symptoms and RBC transfusion time, the VLBW in-
fants were divided into six groups (Fig.1):

1. Infants with transfusion-associated necrotizing enteroco-
litis (TANEC) defined as NEC that developed within 48 h
of RBC transfusion.

2. Infants who developed NEC after 48 h of receiving RBC
transfusion were in the non-transfusion-related NEC
group.

3. Infants who received RBC transfusion but never devel-
oped NEC were in the no NEC transfused group.

4. Infants who developed NEC prior to transfusion were in
the NEC prior to transfusion group.

5. NEC infants who never received RBC transfusion were in
the NEC never transfused group.

6. Infants who never received RBC transfusion and never
developed NEC were in the no NEC never transfused
group.

All cases of NEC (≥Bell’s stage II) [11] had radiographic
and clinical evidence. The onset of NEC was defined as the
time at which an infant demonstrated a change in clinical
status. The criteria for diagnosis of a hemodynamically signif-
icant patent ductus arteriosus (PDA) were ductal size
>1.5 mm, left atrial to aortic (LA:AO) ratio > 1, and left-to-
right shunting of blood [12]. Intravenous indomethacin for
medical closure for PDAwas given in hemodynamically un-
stable patients with significant PDA. Bronchopulmonary dys-
plasia (BPD) was diagnosed as the need for supplemental
oxygen for at least 28 d and assessment was done at 36 wk’
postmenstrual age for an infant born before 32 wk gestational
age [13]. ROP was diagnosed based on the ophthalmologic
exam and classified using the International Classification of
Retinopathy of Prematurity criteria [14]. Cranial ultrasonog-
raphy was performed at the first and fourth week by a pediatric
radiologist to detect intraventricular hemorrhage and classi-
fied into 4 grades of severity [15].

Fig. 1 Enrolled participants
divided by red blood cell
transfusion.
GA Gestational age; NEC
Necrotizing enterocolitis; RBC
Red blood cell; TANEC
Transfusion-associated
necrotizing enterocolitis;
VLBW Very low birth weight
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All transfusions were irradiated.Type specific or type O,
and Rh-compatible RBC depleted leucocytes were transfused
at 15ml/kg/dose intravenously within 3 h. All RBC units were
kept until 42 d from initial preservation for repeat transfusion
in the same patient. The authors unit did not have a policy of
withholding feeds during transfusion until 1 January 2014,
after which oral feeds were withheld from transfused infants
for 1 h before and after the transfusion and during transfusion.
After 1 h, oral feeds were started at 50% of the original volume
for 12 h and then advanced to the original volume. Indications
for RBC transfusion in the unit depended on the guideline of
The Canadian Pediatrics Society Fetal Newborn Committee
[16]. Erythropoietin was not used in authors’ unit for anemia
of prematurity.

The standardized feeding protocol in the unit consists of 4 d
of trophic feeds (12–24 ml/kg/d) followed by daily advance-
ments of 20–30 ml/kg/d depending on the birth weight and
condition of the infant to reach a goal of 150–160 ml/kg/d.
Use of maternal breast milk was highly encouraged for all
infants. Human milk fortifier was added to breast milk after
feeding at 100 ml/kg/d.

Epicalc package (R package 3.1.1.2, Songkhla, Thailand,
2016), the R program version 3.2.2 (R Foundation for
Statistical Computing, Vienna, Austria, 2016) and STATA re-
lease 14.1, StataCorp, College Station, TX) were used to devel-
op a database of categorical and continuous variables and un-
dertake analysis. The data and clinical parameters were
expressed as mean and standard deviation (SD) or median and
interquartile range (IQR). The Wilcoxon rank-sum test and
Fisher’s exact test were used to compare parameters and char-
acteristics between the transfusion and non-transfusion groups.

For analysis of the association between NEC and RBC
transfusion, infants who developed NEC were enrolled as
cases (n = 58) and the age at which NEC occurred was record-
ed as the index age. For each case, a set of infants admitted to
the NICU within 10 wk of each case were enrolled as controls
if, by the age of the case developing NEC (i.e., the index age),
they had not developed NEC and had not died (n = 340).
Numbers of controls within each set ranged from 1 to 34.

Conditional logistic regression grouped on set was used to
estimate the association between cases-control status and the
occurrence of RBC transfusion ≤2d, >2 to 4d, > 4 to 6d, >6 to
8d, and > 8d, or no transfusion prior to the index age after
controlling for body weight, histamine type-2 blocker therapy,
hypotension and pneumonia. Numbers of cases and controls
exposed to RBC transfusion in each period are shown in
Table 1.

To identify predictors of RBC transfusion multivariate lo-
gistic regression, in which RBC transfusion was considered to
be the outcome, was used. Following the process of sequential
backward removal of least significant variables, the remaining
predictors were identified as significant predictors (p < 0.05)
of RBC transfusion.

Results

During the study period, 13% (465/3475) of the NICU-
admitted infants were VLBW infants. Twenty-one infants
(21/465, 5%) were excluded (Fig.1). The number of infants
enrolled in the study was 444. The overall median (IQR) ges-
tational age and birth weight values of the enrolled infants
were 29 (27, 31) wk and 1112.5 (860–1315) g, respectively.
Most of the infants were born in the hospital (401/444, 90%).
Fifty-two percent (233/444) of the infants were male and more
than half of the infants were born by cesarean section (307/
444, 70%). Seventy-one infants (16%) were diagnosed as
small-for-gestational-age. The median Apgar scores were 7
and 8 at 1 and 5 min, respectively. Three hundred and seven-
teen infants (71%) received antenatal corticosteroid. The over-
all median (IQR) length of hospital stay was 32 (17, 53) d and
the mortality rate was 15% (66/444).

The RBC transfusion rate was 52% (233/444). A compar-
ison of the baseline characteristics revealed that infants who
received at least one RBC transfusion had a lower mean birth
weight (975 g vs. 1240 g, p < 0.01) and gestational age (28 vs.
30 wk, p < 0.001) compared with non-transfused infants. In
addition, infants who received RBC transfusion had a lower 5-
min median Apgar score (8 vs. 9, p < 0.01) and were more
commonly diagnosed as respiratory distress syndrome (75%
vs. 49%, p < 0.01), pneumonia (47% vs.7%, p < 0.01), culture-
proven sepsis (25% vs. 3%, p < 0.01) and PDA (52% vs. 16%,
p < 0.01), and more commonly received mechanical ventila-
tion in the first week of life (59% vs. 5%, p < 0.01) compared
with those not receiving RBC transfusion (Table 2).
Moreover, NEC, BPD, ROP, length of hospital stay and cost
were higher, and death occurred more often in the RBC trans-
fused infants (Table 3). Lower gestational age [odds ratio
(OR) per weekly increment 0.64; 95% confidence interval
(CI) 0.57, 0.73, p < 0.001], use of histamine type 2 blocker
(OR 2.92; 95%CI 1.73, 4.93, p < 0.001), use of antenatal cor-
ticosteroid (OR 0.52; 95%CI 0.29, 0.93, p = 0.027), hypoten-
sion (OR 3.73; 95%CI 2.21, 6.28, p < 0.001) and pneumonia
(OR 9.86; 95%CI 5.02, 19.35, p < 0.001) were identified by
multivariate logistic regression as statistically significant pre-
dictors of transfusion (Table 4).

The overall incidence of NEC in VLBW infants was 13%
(58/444). The median (IQR) age at onset of NEC was 21 (12,
31) d. Among transfused infants, the percentages of TANEC,
non-transfusion-related NEC and NEC prior to transfusion
were 1.3% (3/233), 15.5% (36/233) and 0.9% (2/233) respec-
tively, and among never transfused infants, the percentage of
NEC was 8.1% (17/211) (Fig.1). Among all cases of NEC,
5.2% (3/58) were TANEC. The median (IQR) gestational age
and birth weight of the NEC infants were 29 (27, 30) wk and
935 (760, 1115) g, respectively. Twelve percent (7/58) were
surgical NEC cases. The median (IQR) total doses of transfu-
sion (excluding those after NEC diagnosis) of the TANEC
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was 4 (3, 5) doses. The median (IQR) hemoglobin at the onset
of NEC in TANEC [10 (8.6, 10.0) g/dl] and non-transfusion-
related NEC [10.6 (8.9, 11.6) g/dl], were statistically signifi-
cantly lower than that in the NEC never transfused [12.9
(10.4, 14.0) g/dl] (p = 0.02).

Comparing the incidence of TANEC and feeding policy in
the unit during transfusion, 67% (2/3) of infants in the
TANEC group were nil per os (NPO) during transfu-
sion. Before the policy of withholding feeding, 1.4%
(2/141) of the infants in the transfusion group developed
TANEC and after the policy of withholding feeding 1.0%
(1/92) infants in the transfusion group developed TANEC
which was not statistically significant.

Conditional logistic regression, unadjusted for potential
confounders, indicated no significant association between
the development of NEC and transfusion within 2 d; however,
there was evidence for association with transfusion at any time
beyond 8 d (OR = 3.2; 95% CI 1.3, 7.8; p = 0.009), and for
any transfusion (OR = 2.4; 95% CI 1.2, 4.7; p = 0.012) com-
pared to no transfusion. After controlling for confounders,
there was no evidence of any association between NEC and
RBC transfusion (Table 1).

The case fatality rate of NEC was 10% (6/58); 5 infants
were in the non-transfused-related NEC and one was in the
NEC never transfused group. One of the TANEC infants (1/3,
33.3%) needed surgical treatment.

Table 2 Baseline characteristics
of the study infants according to
exposure to red blood cell
transfusion

Characteristic Transfusion group
(n = 233), n (col %)

Non-transfusion group
(n = 211), n (col %)

p value

Gestational age, weeks* 28 (26, 29) 30 (29, 31) <0.001

Birth weight, grams* 975 (775, 1200) 1240 (1020, 1370) <0.001

Cesarean section 154 (66.1) 153 (73.9) 0.151

Female 106 (45.1) 105 (50.2) 0.276

Apgar score at 5 min* 8 (6, 9) 9 (7, 9) <0.001

Antenatal corticosteroid# 155 (66.5) 162 (76.8) 0.008

Chorioamnionitis# 17 (7.6) 8 (4.0) 0.114

PDA# 119 (51.5) 33 (15.6) <0.001

Use of H2 blocker 125 (53.6) 54 (25.6) <0.001

Hypotension 181 (77.7) 85 (40.3) <0.001

Pneumonia 110 (47.2) 14 (6.6) <0.001

RDS 174 (74.7) 103 (48.8) <0.001

Culture-proven sepsis 58 (24.9) 6 (2.8) <0.001

Healthcare associated infection 84 (36.1) 10 (4.7) <0.001

Mechanical ventilator >1wk 138 (59.2) 10 (4.7) <0.001

UAC at birth* 3 (0, 8) 0 (0, 2) <0.001

*Median (IQR); # Percentage and p value refer to non-missing values only

PDA Patent ductus arteriosus; RDS Respiratory distress syndrome; UAC Umbilical artery catheter

Table 1 Odds ratios for necrotizing enterocolitis at different time periods following RBC transfusion (conditional logistic regression)

Time since
transfusion (days)

Controls n (col %) Cases n (col %) Crude
OR (95% CI)

Wald test p value Adjusted
OR* (95% CI)

Wald test
p value

Likelihood
ratio p value

≤2 7 (2.1) 3 (5.2) 2.1
(0.5–9.8)

0.311 1.58
(0.32–7.79)

0.572 0.880

>2 to 4 4 (1.2) 2 (3.4) 3.8
(0.6–24.3)

0.154 1.91
(0.26–14.03)

0.525

>4 to 6 10 (2.9) 5 (8.6) 2.4
(0.5–10.5)

0.260 0.69
(0.09–5.13)

0.713

>6 to 8 11 (3.2) 3 (5.2) 0.9
(0.2–4.3)

0.906 0.45
(0.08–2.53)

0.364

>8 94 (27.7) 22 (37.9) 3.2
(1.3–7.9)

0.009 0.97
(0.32–2.93)

0.951

None 214 (62.9) 23 (39.7) 1 – 1 –

Total 340 58

*Adjusted for body weight, histamine type-2 blocker therapy, hypotension and pneumonia
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Discussion

In this study, the incidence of TANEC was 5.2% of NEC
cases, which is lower than previous reports [6, 17–22]. In
keeping with known risk factors, the transfusion population
comprised more lower body weight, lower gestational age and
sicker neonates in terms of initial illness such as those receiv-
ing histamine type-2 blocker therapy, and having hypotension
and pneumonia, compared with non-transfused infants. As
these factors may also increase the risk of NEC, they were
controlled for in the analysis of association between NEC
and prior transfusion, after which there was no evidence that
NEC was related to prior transfusion within 2 d (TANEC), or
at any time, in VLBW infants. These findings differ from the
results of Valieva et al. [23], who reported that NEC devel-
oped in 17% of transfused extremely low birth weight infants
within 7 d (OR 2.37; 95% CI 0.12, 47.00), and the study of
Hay et al. [24] that TANEC occurred within 48 h with an OR
of 1.13 (95%CI 0.99, 1.29) and that NEC occurred at any time
post-transfusion with a pooled OR of 1.95 (95% CI 1.60,
2.38). Unfortunately, the specific characteristics of the
TANEC infants in present study could not be identified owing
to the too small number (n = 3). However. a recent meta-
analysis study showed a reduction in the unadjusted odds of
TANEC in infants exposed to RBC transfusion [10], and the
study of Sharma et al. [25] found no association between NEC
and transfusion in either a 48-h or a 7-d time period prior to the
onset of NEC. Differences in the methodologies of the studies,
patient populations, and transfusion practices may explain the
different results.

The findings that lower gestational age, use of histamine
type 2 blocker, use of antenatal corticosteroid, hypotension
and pneumonia cause these infants to be more vulnerable to
receive a transfusion are not surprising. These findings concur
with other reports [26, 27] that indirectly suggest that the
infants in the transfusion group were younger, smaller, more
likely to have a PDA, histamine type 2 blocker therapy, and
infection compared to the non- transfusion group. All of these

conditions have been shown to increase the risk of NEC,
which has a complex and multifactorial etiology [1].

The overall incidence of NEC in this study was 13% of all
VLBW infants. This is similar to the study of Demirel et al.
[28] but slightly higher than previous reports of 5–10% [21,
29–31]. This could be due to differences and wide variation in
feeding protocols, type of feedings, probiotic prevention of
NEC guideline, and histamine type 2 blocker therapy between
and within institutions. It is speculated that the feeding policy
during RBC transfusion may affect the risk for NEC. The
results of present study show that 2 of the 3 cases of
TANEC had enteral feedings withheld during the time of
transfusion, suggesting that withholding enteral feedings
around the time of a transfusion may not prevent NEC. Two
recently published studies have shown a lack of any
impact of standardized feeding guidelines on neonatal
outcomes in preterm infants [4, 32]. The present study
shows that transfusion is not a predictable cause of
TANEC. Holding feeds during transfusions has conse-
quences such as the need for intravenous access, addi-
tional fluids, and the disruption of optimum nutrition.
The routine practice of withholding enteral feeds before,
during, and after blood transfusions in an attempt to
avoid TANEC should be re-evaluated. Since the present study
was not powered to look at these secondary outcomes, the
results should be interpreted with caution.

Table 3 Outcomes of study
infants according to exposure to
red blood cell transfusion

Outcome Transfusion group
(n = 233), n (col %)

Non- transfusion
group (n = 211), n (col %)

p value

BPD 97 (41.6) 15 (7.1) <0.001

NEC 41 (17.6) 17 (8.1) 0.003

ROP# 75 (46.3) 26 (27.6) 0.003

IVH# 118 (62.2) 88 (54.3) 0.130

Length of hospital stay, days * 46 (26, 73) 22 (14, 32) <0.001

Cost, US Dollars * 6206 (3888, 10,808) 2105 (1373, 3355) <0.001

Death 52 (22.3) 14 (6.6) <0.001

*Median (IQR): # Percentage and p value refer to non-missing values only

BPD Bronchopulmonary dysplasia; IVH Intraventricular hemorrhage; NEC Necrotizing enterocolitis; ROP
Retinopathy of prematurity

Table 4 Risk factors for red blood cell transfusion identified by logistic
regression

Factor OR (95% CI) p value

Gestational age (per week) 0.64 (0.57, 0.73) <0.001

Antenatal corticosteroid 0.52 (0.29, 0.93) 0.027

Use of H2 blocker 2.92 (1.73, 4.93) <0.001

Hypotension 3.73 (2.21, 6.28) <0.001

Pneumonia 9.86 (5.02, 19.35) <0.001

CI Confidence interval; OR Odds ratio
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The present study demonstrated significantly lower hemo-
globin levels at the onset of NEC with prior transfusion com-
pared to the NEC never transfused group, which is consistent
with other reports [6, 33]. However, in contrast to some re-
ports, the relationship between the hematocrit and TANEC
was not evident [18, 21]. It is quite possible that anemia de-
creased oxygen-carrying capacity of the blood to a level
that would be less than the demand of growing tissues.
This would result in hypoxemia to the preterm gut and induce
endothelial and mucosal apoptosis which is one of the typical
signs of NEC [34].

Considering the benefits and risks of RBC transfusion,
avoidance of unnecessary transfusions becomes the main
goal. The use of restrictive as compared to liberal hemoglobin
thresholds in VLBW infants results in a modest reduction of
exposure to transfusion. Restrictive blood transfusion does not
appear to have a significant outcome on either death or major
morbidities at discharge or at follow-up [35]. Likewise, de-
layed cord clamping or cord milking and obtaining fetal blood
at delivery for all initial laboratory blood tests reduces the
degree of iatrogenic blood loss. Improvements in practice
and technology can help reduce subsequent transfusions.

To authors’ knowledge, no study at the regional level has
reported an association of RBC transfusion, the incidence of
TANEC and NEC 2 to 8 d after transfusion. The strength of
this nested case-control study is that all VLBW infants admit-
ted to a single tertiary NICU who developed NEC were in-
cluded as cases and age- and approximate birthdate –matched
non-NEC VLBW infants were considered as controls. The
results of this study may be less subject to the biases of prior
studies in which each infant was categorized only as exposed
or unexposed to RBC transfusion. Furthermore, the present
analysis included appropriate control of confounders.
However, some limitations should be considered.
Unrecorded confounders could not be controlled for in the
analysis. Further, complete data collection was dependent on
the accuracy of the medical records. The small sample size
provided insufficient power to detect a significant association
between RBC transfusion and TANEC.

Conclusions

No evidencewas found for an association between RBC trans-
fusion and TANEC in VLBW infants and up to 8 d -period
after transfusion. Further study is needed prior to endorsing
such changes in clinical practice.
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