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A b s t r ac t
Introduction: The association between red blood cell (RBC) transfusions and necrotizing enterocolitis (NEC), so-called transfusion-associated
NEC (ta-NEC), was first described in 1987. However, further work is needed to confirm a causal relationship, elucidate underlying mechanisms,
and develop possible strategies for prevention. We performed an extensive literature search in the databases PubMed, EMBASE, and Scopus.
Areas covered: Although multiple retrospective human studies have strongly suggested an association between blood transfusions and
subsequent occurrence of NEC, meta-analyses of randomized controlled trials (RCTs) testing RBC transfusion thresholds or the use of recombinant
erythropoiesis-stimulating growth factors did not confirm an association of anemia with ta-NEC. These conflicting data necessitated the
development of an animal model to elucidate mechanisms and causal factors. Data from this recent mouse model of ta-NEC highlighted the
importance of sequential exposure to severe anemia followed by transfusion for development of ta-NEC.
Expert opinion: This review summarizes current human and experimental data, highlights open questions, and suggests avenues for further
research aimed at preventing ta-NEC in preterm infants. Further studies are required to delineate whether there is a tipping point, in terms of
the level and duration of anemia, and to develop an effective strategy for blood management and the quality of RBC transfusions.
Keywords: Anemia, Necrotizing enterocolitis, Preterm infants, ta-NEC, TANEC, TRAGI, Transfusion.
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Introduction
Premature infants are a heavily transfused population.1,2 Up to
90% of extremely low birth weight infants, and approximately
60% of preterm infants born at <32 weeks of gestational age
receive red blood cell (RBC) transfusions during the neonatal
period. 3 In several reports, up to 25–40% of infants who
developed necrotizing enterocolitis (NEC) may have received
RBC transfusion(s) in the preceding 48 hours, and this connection
has been referred to as transfusion-associated NEC (ta-NEC).4–26
However, these results have not been conclusive in systematic
reviews of case-control or observational studies. 6,27–29 In
contrast, ta-NEC has not been associated to anemia in RCTs
on RBC transfusion thresholds and in studies on the efficacy
of recombinant erythropoiesis-stimulating factors. 30,31 These
problems indicated a need for focused preclinical and clinical
studies. However, the interest in the association between anemia
and ta-NEC has been rekindled following a recent comprehensive
animal study. 32
Herein, we review the current data on ta-NEC and its possible
mechanisms and then recommend future direction of research
and clinical practice. We performed an extensive literature search
in the databases PubMed, EMBASE, and Scopus. To minimize
bias, key words from the medical subject heading thesaurus on
PubMed were shortlisted prior to the actual search and combined
with text words used in titles and abstracts.
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The association between transfusions and NEC was first observed
by McGrady et al. 33 in 1987, who investigated an outbreak of 33
cases of NEC in their neonatal intensive care unit (NICU) and
reported that many cases followed RBC transfusions (odds ratio
[OR] = 15.1, confidence interval [CI]: [2.59–92.51]). 33 In 1998,
Bednarek et al. 34 noted that NICUs with fewer transfusions had
less NEC (OR = 0.3, CI: [0.1–0.8]). Several subsequent studies
confirmed that 25–40% of very preterm infants who developed
NEC had received one or more RBC transfusions in the preceding
2–48 hours, generally about 12 hours, before the onset of
NEC. 5,11,13,21,23,25,26,33–41 These studies suggested that ta-NEC
occurred (a) in infants born at earlier gestational ages than those
who developed NEC unrelated to transfusion;5,11,13,21,23,25,26,33–39
(b) at 3–5 weeks after birth, later than NEC unrelated to
transfusions seen at 1–3 weeks;5,13,21,23,25,26,33–39 (c) in neonates
who had received 1–3 RBC transfusions;5,25 and (d) in infants
who may have had a higher acuity of illness prior to developing
NEC.6,11,13,23,26,39,40 The postnatal age of infants who developed
ta-NEC was higher than those who developed NEC without a
temporally proximate transfusion. 5,13,25 However, the storage age
of donor blood transfused into infants who developed ta-NEC
was not different from that in matched controls who did not
develop NEC.4

Most studies of ta-NEC were based on a small number of
patients, and therefore, lack generalizability and the statistical
power to adjust for confounders. Therefore, there have been
several efforts focused on meta-analysis of pooled data. In one of
these early reports, Mohamed and Shah6 systematically reviewed
11 observational studies of NEC and confirmed increased odds
of NEC within a 48-hour period following an RBC transfusion.
Another meta-analysis of five studies showed increased risk of
NEC following transfusions in the previous 48 hours (pooled
OR = 3.91, 95% CI: [2.97–5.14]; I2 = 58%).5,11,21,25,42 A meta-analysis of
four studies also showed increased risk of NEC (pooled OR = 2.01,
95% CI: [1.61–2.50]; I2 = 91%). 25,38,43 Another study that combined
seven case-control studies (480 blood transfusion cases, 2,845
control cases) showed similar results in a random-effects model
(OR = 3.35, 95% CI: [1.54–7.27]). 27 Sensitivity analysis showed an
increased OR for NEC within 48 hours after transfusion at 4.21 (95%

Table 1: Summary of studies Included in the meta-analysis by Garg et al.
Authors of
study
Patel et al.

AlFelah et al.
Sharma et al.
Wallenstein
et al.
Bak et al.
Gomez-Martin
Wan-Huen
et al.
Demirel et al.
Stritzke et al.
El-Dib et al.

Paul et al.
Singh et al.
Christensen
et al.
Josephson et al.
Binder et al.
Harsono et al.
Garg et al.

Gestational age
27.9 ± 3.3

Birth weight
1015 ± 273

No. of
infants
case
40

28

1,042

40

  112

27 ± 2
27 IQR 3

983 ± 333
790 IQR 290

42
24

  42
  390

29

Odds ratio (OR, 95%
confidence interval)
RBC transfusion
For transfusion-0.4
(0.17–1.1), for anemia-5.9
(2–18; p = 0.001)
OR = 0.39, (0.18–0.84),
p = 0.02
1.4 (0.4–5.6)
0.6 (0.2–1.7)

Retrospective case
control
Retrospective
case-control
Case control

27.6 ± 2.2

1027 ± 343

18

  162

46.9 ± 4.1

1.63 (1.14–2.3)

30

  30

26 ± 2.4

840

49

  97

31.4 ± 3.7

3.0 (1.7–5.5)

Case control
Case control
Phase 1: Retrospective
case-control; Phase 2:
comparison study of
incidence of NEC
Case control
Case control
Retrospective case
control
Case control

28.4 ± 1.4
25.8 ± 2.6
26.8 ± 2.5

1078 ± 236
885 ± 446
935 ± 350

96
927
25

  551
2,781
  25

30 ± 4.4
NA
NA

OR not mentioned
2.2 (1.8 0 2.8)
5.1 (1.4–17.9)

26.8 ± 2.4
26.9 ± 2.5
27 (26–28)

969 ± 239
969.7 ± 309.0
981 (835–1,128)

33
111
62

  30
  222
  248

2.5 (0.8–8.3)
5.6 (3.2–10.2)
11.8 (4.6–30.4)

27.7 (25.7–30.7)

1030 (740–1,410)
<1,500
<1,500
992 ± 377

93
78
43
99

  91
  783
2,080

28.6 ± 5.2
29.9 ± 5.6
Not
mentioned
31.8 ± 7.8

Type of study
Case control

Retrospective case
control
Case control
Retrospective cohort

Retrospective cohort

27.3 ± 2.5

NEC, necrotizing enterocolitis; RBC, red blood cell; IQR, interquartile range; NA, not applicable

202

Newborn, Volume 1 Issue 1 (January–March 2022)

No. of
infants
control
  554

Hematocrit
NEC

1.5 (1.0–2.2)

27.4 ± 4.5

0.7 (0.4–1.3)
0.07 (0.03–0.14)
0.3 (0.2–0.6)
2.83 (0.97–8.9)
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CI: [2.17–8.16]). The OR was 4.29 (95% CI: [1.39–13.24]) after factors
such as gestational age and birth weight were deconfounded. 27
The evidence for an association between RBC transfusions and
NEC became less convincing following a comprehensive metaanalysis of 17 observational studies by Garg et al.,44 who did not find
supportive results (OR = 0.96, 95% CI [0.53–1.71], p = 0.88) (Table 1).
Rai et al.45 performed a meta-analysis with 10 studies, and actually
noted a 45% reduction in the unadjusted odds of NEC in infants
exposed to a recent RBC transfusion (OR = 0.55, 95% CI: [0.31–0.98]).
A prospective, matched-pair comparison of 42 NEC cases
and their controls at three centers found no association between
transfusions with NEC in the subsequent 48 h or 7 days.46 Elabiad
et al.22 reviewed a large cohort of 3060 infants and identified 174
infants (5.7%) with NEC. They noted that 116 (67%) infants had been
exposed to RBC transfusions; infants with BW ≤750; 751–1,000;
1,001–1,250; and 1,251–1,500 g had a relative risk of 0.14, 0.46, 1.83
and 1.78, respectively, to develop NEC following transfusions. They
concluded that RBC transfusions significantly reduced the risk of
NEC in ≤1,000 g infants, but noted a trend towards increased risk
of NEC in infants with a birth weight of 1,001–1,500 g.

Anemia as Risk Factor for NEC in Very Preterm Infants
In a prospective, multicenter observational cohort study, Patel
et al.12 evaluated 598 very low birthweight infants and noted
that 44 (7.4%) developed NEC. In this cohort, however, 319 (53%)
infants were exposed to RBC transfusions. The unadjusted
cumulative incidence of NEC at 8 weeks after birth was 9.9% (95% CI
[6.9–14.2%]), which was higher than the 4.6% (95% CI [2.6–8.0%],
p = 0.02) incidence among those who were not transfused with
RBCs (p = 0.02). In multivariable analysis, RBC transfusion in a given
week was not significantly related to the rate of NEC (adjusted causespecific hazard ratio 0.44 (95% CI [0.17–1.12]), p = 0.09). Based on
the evaluation of 4,565 longitudinal measurements of hemoglobin
concentrations (median = 7 g/dL per infant), they associated NEC
with severe anemia (adjusted cause-specific hazard ratio 5.99
(95% CI [2.00–18.0]); p = 0.001), but not with RBC transfusions.12
A recent retrospective single-center cohort study in 207 extremely
premature infants (23–27 wk gestation) identified a portion of 46%
(13/28) of infants with ta-NEC and 54% (15/28) with non–ta-NEC.
The incidence of ta-NEC, however, did not correlate with the
number of antecedent pRBC transfusions or the pretransfusion
median hemoglobin levels.40
These reports of the association of NEC with anemia were
interesting. However, the impact of anemia on the risk of NEC
remains uncertain. Two recent studies (ETTNO, TOP) compared
liberal (higher) and restrictive (lower) RBC transfusion thresholds in
extremely low birthweight infants, but did not find an association
between NEC and low pretransfusion hematocrit/hemoglobin
values.47 In the ETTNO trial, including 1013 infants, the absolute
difference in the incidence of NEC (modified Bell stage ≥ IIa) in the
liberal (hematocrit on day >21: <34% or <28% in critical or noncritical state) vs restrictive (hematocrit on day >21: <27% or <21%
in critical or noncritical state) transfusion threshold was −0.9 (95%
CI [−3.8–2.0]).48 The TOP trial included 1,824 infants; the adjusted
relative risk for NEC (Bell’s stage ≥2) at high (weeks ≥3: 11.0 g/dl with
or 10.0 g/dL without ventilator support) vs low (weeks ≥3: 8.5 g/dL
with or 7.0 g/dL without ventilator support) hemoglobin thresholds
was 0.95 (95% CI [0.73–1.25]).47
Some studies have evaluated the impact of recombinant human
erythropoietin (rEpo), or its derivative darbepoietin, given to reduce
anemia and the need for transfusions, on NEC. Ohlsson and Aher49

performed a meta-analysis to evaluate 3,643 preterm or low birth
weight infants who had received early (at ≤8 days of age) received
rEpo or darbepoetin vs others treated with placebo. As anticipated,
early rEpo treatment reduced the numbers of RBC transfusions and
donor exposures. A subanalysis of 15 studies reporting 2,639 infants
showed that rEpo or darbepoetin administration reduced the rate
of NEC (RR = 0.69, 95% CI [0.52–0.91]; p = 0.01; number needed to
treat to benefit = 33). In another prospective (not double-blinded)
randomized clinical trial of 1,285 infants, rEpo reduced the incidence
of NEC (3% vs 5.4%, p = 0.027).50 The recent Preterm Erythropoietin
Neuroprotection Trial (ett), a phase 3 RCT designed to assess the safety/
efficacy of early high-dose rEpo for neuroprotection in 941 extremely
preterm infants born at 24 weeks and 0 days to 27 weeks and 6 days
of gestation, showed only a trend towards a decreased frequency of
NEC in the rEpo group (RR = 0.87; 95% CI [0.60–1.27]; not significant).51
We were not able to find consistent clinical evidence to
determine whether anemia and/or RBC transfusions could be
clearly associated with NEC. In search of insights, we therefore also
revisited other analogous conditions marked by severe anemia
with a need for transfusion(s), and the risk of intestinal injury.
Twin-to-twin transfusion syndrome or hemolytic disease of the
newborn are known to trigger intestinal injury, particularly after
RBC transfusion.52–54
The importance of severe anemia in intestinal injury also finds
credence in the typically delayed occurrence of ta-NEC beyond
four weeks of postnatal age, when anemia of prematurity is
often concordant with nutritional deficiencies and inflammatory
conditions such as bronchopulmonary dysplasia.13 NEC-like
bowel injury has also been seen in other populations of critically
ill infants such as those receiving cardiopulmonary bypass or
extracorporeal membrane oxygenation, particularly when they
receive top-up transfusions to treat severe anemia.55 These findings
are consistent with at least two clinical studies that have noted
the importance of anemia in risk-stratification for ta-NEC.12,21
The association between packed RBC transfusion and splanchnic
perfusion after feeds has been studied to understand ta-NEC
better, but in multivariate analysis no overall association was
found between splanchnic fractional tissue oxygen extraction
(FTOE) and fasting perfusion in a multivariate repeated-measures
model that accounted for transfusion epochs (primary analysis
approach). However, exploratory analyses of postprandial changes
in FTOEs undertaken for each transfusion epoch separately showed
increasing postprandial FTOEs with repeated transfusions.56,57
More generally, close examination of the literature shows
important differences when the observational studies were
compared with the meta-analyses of RCTs. The interest in ta-NEC,
as judged by the number of publications/year, began to wane, and
this was possibly related to the lack of new insights from associative
clinical studies. However, a recent preclinical study in newborn
mice has shed some novel mechanistic insights and showed that
severe anemia, followed by RBC transfusions may cause intestinal
injury. This has rekindled the ta-NEC controversy. In the following
sections, we recapitulate the experimental findings from this study.

A Murine Model of Transfusion-associated NEC
Maheshwari’s team developed a mouse model to evaluate the
association between transfusions and NEC. They phlebotomized
mouse pups on postnatal days 2, 4, 6, 8, and 10 to induce severe
anemia (hematocrit 20–24%), and transfused these anemic pups and
controls on postnatal day 11 with 20 mL/kg leukoreduced, packed
(70%) RBCs that had been stored at 4°C for 7 days, recapitulating
Newborn, Volume 1 Issue 1 (January–March 2022)
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current transfusion practices in neonates.58 Control pups remained
unharmed. However, the anemic-transfused pups developed
intestinal injury in the ileocecal and mid-colonic segments between
18 and 28 h after transfusion. The histopathological features in
the affected intestine were characteristic of NEC. 59,60 Consistently,
animals with intestinal injury showed increased plasma levels of
the gut epithelial injury marker fatty acid-binding protein 2,61 loss
of intestinal barrier function,62 and developed a severe systemic
inflammatory response syndrome.
Both anemic and the anemia-transfused mice showed
monocyte/macrophage infiltration in the affected intestine.63
RBC transfusions contained free hemoglobin and heme,64 which
activated the newly recruited monocytes and macrophages in
the intestine by activating Toll-like receptor 4-mediated signaling,
redox cycling,65 and downstream NF-κB pathways.66 The role of
Toll-like receptor 4 in NEC pathogenesis has been noted in other
NEC models,67 and these seminal findings in ta-NEC highlighted
the importance of these pathways as a unifying mechanism in NEC.
The requirement of macrophages in ta-NEC was notable because
the macrophage depletion prior to transfusions was protective.
Blocking the NF-κB pathway in macrophages by administering
specific inhibitory nanoparticles was also protective against
ta-NEC.
The severity of anemia was important in murine ta-NEC.
Mouse pups defined to have severe anemia (hematocrit 20–24%)
developed more severe bowel injury as compared with those with
moderate anemia (hematocrit 25–30%). The duration of anemia
was also important; mice transfused on P10 (soon after the last
phlebotomy) sustained less bowel damage than those transfused 24
hr later, on P11. If the transfused RBCs were leukoreduced, washed,
and resuspended in saline prior to storage, the severity of ta-NEC
was decreased. Pups that received multiple transfusions showed

more severe injury. However, the duration of RBC storage (7 days vs
14 days) prior to transfusions did not change the severity of ta-NEC.

Discussion
A number of clinical studies suggests an association between
RBC transfusions and NEC, although these findings have not been
consistently proven in meta-analyses. 4–26 In some premature
infants, severe anemia may even be the predominant, possibly
even sufficient, factor in the causation of NEC.12 However, the exact
contribution of anemia and RBC transfusions to the development
of bowel injury is not certain. In animal models, RBC transfusions
can alter splanchnic autoregulation and cause at least transient
intestinal ischemia. 24,68 The murine model that we described
above suggests that neither anemia nor RBC transfusions may be
independently sufficient to cause NEC, but the risk may increase
with a sequential exposure to these two factors. A dual-causation
or possible multihit model may possibly explain the conflicting
conclusions from many of the clinical studies and two of the
meta-analyses.6,44 However, even though the experimental and
laboratory findings in these animal studies are informative, there
is a need for a cautious, refined approach to understand ta-NEC,
thus using these findings only as a basis for designing confirmatory
human studies.
There has been some difficulty in identifying the thresholds
of low hemoglobin/hematocrit, at which the risk of NEC related to
severe anemia may be higher than that related to corrective RBC
transfusions.69–71 Four peer-reviewed national transfusion guidelines
have been developed in Australia, Canada, and Europe (Fig. 1). These
recommendations have found support from the broader scientific
communities in neonatology, hematology, and transfusion medicine
in their respective countries. In the United States, several single-center

Fig. 1: This graph summarizes current national guidelines (the United Kingdom, Australia, Canada, and the Netherlands as indicated by their flags) for
RBC transfusions in VLBW infants with respect to age and the need of respiratory support (red dots). The wide variation in these recommendations
highlights the need for further research to identify more definitive thresholds for transfusion. Blue dots indicate thresholds for infants without
respiratory support. Recommended ranges or point thresholds of hemoglobin at which transfusions may be considered are shown. The year of
publication is provided to visualize the trend towards more restrictive transfusion thresholds. Please note that we have not yet considered the
impact of specific conditions such the type of blood sampling for measurement of hemoglobin values (vascular or capillary blood draws), precision
of laboratory measurement, and the implications of physiological changes such as with altitude or the intravascular volume status
204
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guidelines are in use that show some heterogeneity;13,48,72,73 this is
highlighted in a post hoc analysis of data from the 19 participating
sites in the preterm erythropoietin neuroprotection trial (PENUT).74
As discussed above, the adoption of clinical practices to minimize
iatrogenic blood loss and possibly, (early) administration of rEpo/
darbepoietin to prevent anemia, or other strategies to reduce the
need for transfusions, is logical. However, further evidence is needed
before firm recommendations can be made.75,76
Eventually, a range, not clear tipping points, of hematocrit/
hemoglobin levels may have to be considered based on individual
physiological and environmental factors. The impact of the duration
of anemia on subsequent risk of NEC also needs investigation. A
combination of a transfusion threshold plus another marker of end
organ oxygen delivery or perfusion may help to define better when
to or when not to transfuse. Given the multifaceted nature of the
problem, we see a need to combine data from multiple centers
across the world to inform well-designed clinical trials.
While we ponder on these questions, we need to ask ourselves
whether we can do anything immediately to minimize the serious
morbidities and mortality associated with transfusion and possibly
with ta-NEC. The answer to this, from our perspective, is in the
affirmative. Even though we acknowledge the disparity between
the observational evidence and the randomized trials and would
consider the latter to provide more reliable evidence, data from the
rodent model of ta-NEC and the available observational studies
have led us to come to the following considerations for the “best
clinical practice” at the present time.

Expert Opinion
Current evidence favors minimizing the exposure of premature
infants who may be at high risk of NEC, to prolonged periods of
severe anemia. Four sets of national guidelines for RBC transfusions
are currently available (Fig. 1),77–80 which show considerable
differences. To understand the urgency of correcting anemia, we
need further research to identify safe thresholds of hematocrit/
hemoglobin.48 We should also continue to evaluate the potential
benefits of rEpo and darbepoietin, at least in specific subsets (such
as extremely low birth weight infants), if not in all at-risk infants.
The exact thresholds of hematocrit/hemoglobin levels when RBC
transfusions become necessary are still unclear. The animal models
suggest that increased risk of NEC at hematocrit levels ≤24%,4 but
some human studies suggest that organs such as the brain may be
even less tolerant to anemia, with functional changes becoming
evident at hematocrits ≤28%.81 RBC transfusion thresholds may
have to be viewed as a range, not exact levels (Fig. 1), of hematocrit/
hemoglobin based on the corrected gestational age, altitudes
of residence, comorbidities, and the functional status of the
microcirculation in various organ systems. Several interventions in
a patient’s blood management are now possible to avoid severe
anemia and to reduce the need for transfusions.
Thus, we conclude that only a minority of severely anemic
premature infants develop ta-NEC.4 There is a need to identify
the predisposing (genetic) and clinical factors that may increase
the risk of ta-NEC. Considering the typically delayed onset of
anemia of prematurity after birth, studies may need to focus on
the identification of periods of increased vulnerability. Splanchnic
vascular autoregulation deserves further evaluation. The availability
of portable ultrasound machines may enhance the feasibility of such
studies within the neonatal intensive care units.82 The association
of ta-NEC with stimuli that increase intestinal oxygen consumption,
such as feeding, need evaluation in high-risk infants.83 Murine and

human studies have shown no harm in transfusions with RBCs
stored for short periods,84 which is reassuring.85,86 However, further
preclinical studies and models could be used to test potential
interventions.84 We also do not believe irradiation to have a possible
protective effect; current evidence suggests a pathophysiological
role of macrophage-mediated innate, not lymphocyte-mediated
adaptive immune response. The pathophysiological concept of
anemia needs additional evaluation in premature infants.4 Fetal
and adult hemoglobin have different oxygen carrying capacities.
Therefore, low hematocrit levels in an infant who has previously
received transfusions of RBC from adult donors may have different
physiological implications than in a nontransfused infant.87 Thus,
a detailed analysis infants recruited in the aforementioned clinical
trials, who developed NEC/ta-NEC, would be of particular interest.
The advantages and disadvantages of washing RBCs prior to
storage or before transfusion needs study. Many studies suggest
that washing may reduce the half-life of transfused RBCs.88 The
findings in the murine model suggest that subtle hemolysis and
extravasation of RBC contents may increase the risk of ta-NEC.
The relationship between enteral feedings and ta-NEC needs
more evaluation. Although the feeding during red cell transfusion
(FEEDUR) trial, an open, multi-arm, parallel-group, single-center
RCT did not show any difference in splanchnic oxygenation, 89
the WHEAT (withholding enteral feeds around packed red cell
transfusion) study90 may still yield important insights. Nutritional
interventions, such as the use of pasteurized human donor milk
as opposed to formula, enteral substitution of lactoferrin and/or
L-arginine, and preventive application of multiple-strain probiotics
deserve further investigation as strategies to reduce the rates
of ta-NEC.30,91,92 Further study is needed to identify infants who
might have ongoing subtle hemolysis either due to low-grade
immune responses related to genetic defects or due to blood
group incompatibility, as suggested by elevated reticulocyte
counts and/or the presence of spherocytosis on peripheral blood
smear.93 These infants may have anemia, activation of monocytes
and macrophages, factors that have been found to be associated
with ta-NEC. Effects of simultaneous transfusions with other blood
products such as platelets, needs further evaluation as additional
or synergistic risk factors for ta-NEC.94 In addition to larger, more
definitive trials, some of the relevant questions in this domain may
be amenable to scrutiny through use of big data and machine
learning/AI.95–98

Article Highlight Box
•
•

•
•

Several retrospective studies have associated RBC transfusions
with necrotizing enterocolitis (ta-NEC) in very preterm infants.
Randomized controlled trials on transfusion thresholds
and treatment with recombinant human erythropoietin or
darbepoetin have not provided significant evidence for this
association.
A murine model of RBC transfusion-associated NEC-like
pathology showed that sequential exposure to anemia followed
by RBC transfusion is a risk factor for ta-NEC.
Experimental and clinical data suggest that strategies of
personalized blood management (including late cord clamping/
milking and reduction of iatrogenic blood loss) in very preterm
infants may help prevent ta-NEC.
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