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The Iron Status of Very Low Birth Weight Infants Receiving
Multiple Erythrocyte Transfusions during Hospitalization
in the Neonatal Intensive Care Unit

Sook-Hyun Park and Heng-Mi Kim

Department of Pedlatrics, Kyungpook National University School of Medicine, Daegu, Korea

Purpose: We investigated the iron status of very low birth weight infants receiving multiple erythrocyte transfusions
during hospitalization in the neonatal intensive care unit (NICU).

Methods: We enrolled 46 very low birth weight infants who were admitted to the Kyungpook National University
Hospital between January 2012 and December 2013. Serum ferritin was measured on their first day of life and weekly
thereafter. We collected individual data of the frequency and volume of erythrocyte transfusion and the amount of
iron intake.

Results: A total of 38 (82.6%) of very low birth weight infants received a mean volume of 99.3+93.5 mL of erythrocyte
transfusions in NICU. The minimum and maximum serum ferritin levels during hospitalization were 146.2+114.9
ng/mL and 456.7+361.9 ng/mL, respectively. The total volume of erythrocyte transfusion was not correlated to max-
imum serum ferritin concentrations after controlling for the amount of iron intake (r=0.012, p=0.945). Non-transfused
infants took significantly higher iron intake compared to infants receiving =100 mL/kg erythrocyte transfusion (p<0.001).
Minimum and maximum serum ferritin levels of non-transfused infants were higher than those of infants receiving
<100 mL/kg erythrocyte transfusions (p=0.026 and p=0.022, respectively). Infants with morbidity including broncho-
pulmonary dysplasia or retinopathy of prematurity received a significantly higher volume of erythrocyte transfusions
compared to infants without morbidity (p<0.001).

Conclusion: Very low birth weight infants undergoing multiply erythrocyte transfusions had excessive iron stores
and non-transfused infants also might had a risk of iron overload during hospitalization in the NICU.
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INTRODUCTION volved in brain-energy metabolism, neurotransmitter
synthesis, and myelination, all of which are im-
Iron is essential for iron-containing enzymes in- plicated in neurodevelopment during early infancy
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[1]. Fetal iron accretion usually occurs during the
third trimester of gestation [2]. In preterm infants,
fetal iron accumulation through transfer from the
mother is interrupted, leading to an increased risk of
iron deficiency at birth. Approximately 80% of very
low birth weight (VLBW) and 95% of extremely low
birth weight (ELBW) infants require erythrocyte
transfusions [3]. Multiple erythrocyte transfusions
can result in excessively high iron levels [4], leading
to oxidative injury as the production of oxygen radi-
cals increases [5]. Multiple erythrocyte transfusions
are also associated with the incidence and severity of
retinopathy of prematurity (ROP) and broncho-
pulmonary dysplasia (BPD) [6-8]. Although enteral
iron supplementation has not been reported to be a
cause of iron overload or oxidative injury, the ini-
tiation of enteral iron supplementation in preterm
infants receiving multiple erythrocyte transfusions
should be performed carefully.

We aimed to investigate the iron status of VLBW
infants receiving multiple erythrocyte transfusions
during hospitalization in the neonatal intensive care
unit (NICU).

MATERIALS AND METHODS

Patients

Our study enrolled 46 VLBW infants who were ad-
mitted to NICU of the Kyungpook National University
Hospital between January 2012 and December 2013.
Infants with congenital anomalies, metabolic dis-
orders, culture-positive sepsis, and intrauterine trans-
fusions (that is, twin-to-twin transfusion) were
excluded. We obtained approval from the institu-
tional review board of Kyungpook National Univer-
sity Hospital for the present study (IRB No. 2013-
12-042).

Assessment of iron status

We measured serum iron and ferritin concen-
trations as well as total iron binding capacity (TIBC)
as markers of iron status on the infants’ first day of
life and weekly thereafter during the course of their
hospitalization. Hemoglobin and hematocrit levels,

mean corpuscular volume (MCV), and reticulocyte
count were also obtained. Maternal hemoglobin,
hematocrit, and serum ferritin levels were assessed
before delivery. Maternal anemia was defined as he-
moglobin levels <12 g/dL, and iron deficiency as se-
rum ferritin levels <10 ng/mL.

Red blood cell parameters, including hemoglobin,
hematocrit, MCV, and reticulocyte count were as-
sessed by flow cytometry using an automated blood
cell counter. Plasma iron levels and TIBC were meas-
ured using the nitro-PSAP test, and ferritin concen-
tration was measured through a turbidimetric im-
munoassay using an automated method.

Iron supplementation

When the infants reached full enteral feeding (100
ml/kg), iron supplementation (2 mg/kg) was started.
We withheld iron supplementation if serum ferritin
levels were >350 ng/mL.

Predominantly breast milk-fed infants were sup-
plemented with a human milk fortifier (HMEF,
Similac; Abbott Laboratories, Abbott Park, IL, USA).
Formula milk (Absolute Babywell Preemie; Maeil,
Seoul, Korea), breast milk, and HMF contained
0.0029 mg/mL, 0.00047 mg/mL [9], and 0.36 mg/pack
iron, respectively.

Erythrocyte transfusions

The threshold for administering erythrocyte trans-
fusions was a hematocrit of 36%, requiring oxygen-
ation of >35%, or a mean airway pressure of >6 to
8 cmH,0 by positive pressure ventilation, and a hem-
atocrit of 31% with respiratory support, oxygen ther-
apy, or recurrent apneic episodes of more than 9
times per 12 hours. Based on the clinical conditions
of the infants, the volume of erythrocyte trans-
fusions ranged from 10 to 15 mL/kg.

Association between erythrocyte transfusion
and neonatal morbidity

We evaluated the association between the volume
and number of erythrocyte transfusions and neo-
natal morbidity, including ROP and BPD. A diag-
nosis of BPD was made when infants born at <32
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weeks’ gestation required oxygen for the first 28 days
at a postmenstrual age of 36 weeks or when infants
born at =32 weeks and remained on oxygen supple-
mentation for 56 days [10]. We included infants
with ROP stage 2 or 3.

Statistical analyses

Statistical analyses were performed using IBM
SPSS Statistics ver. 20 for Windows (IBM Co.,
Armonk, NY, USA). The results are reported as
means=standard deviation. Comparisons of the
mean values of the continuous variables were per-
formed by the Student ¢-test and one-way analysis of
variance. Association between gestational age and
serum ferritin concentrations after controlling for
maternal ferritin concentrations, and correlation
among the volume of erythrocyte transfusion, serum
ferritin levels, and the duration of positive ven-
tilation after controlling for the amount of iron in-
take were analyzed using partial correlation. Statistical
significance was defined as p <0.05.

RESULTS

Patient baseline characteristics

The baseline characteristics of the patients are pre-
sented in Table 1. One-fourth of the mothers were
iron deficient, and over half were anemic; however,
no infants had anemia or iron deficiency at birth. The
mean serum concentration among the infants at dis-
charge was 328.8+328.0 ng/mL (range: 33.8-1,510.0
ng/mL). No infants were iron-deficient during hos-
pitalization in the NICU.

Thirty-eight of the VLBW infants received eryth-
rocyte transfusions. The incidences of ROP, BPD, ne-
crotizing enterocolitis, and intraventricular hemor-
rhage were 24%, 24%, 0%, and 2%, respectively.

Maternal factors related to neonatal iron
status (measured on the first day of life)
We found no statistically significant differences in
red blood cell parameters and iron status between in-
fants born to mothers with and without anemia or
iron deficiency (Table 2). Moreover, no significant
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differences were observed for the red blood cell in-
dices, plasma iron and ferritin levels, and TIBC be-
tween infants born to mothers with and without dia-
betes or hypertension (Table 2). The mean serum fer-
ritin concentrations of infants born to mothers with
hypertension were lower than those of infants born
to mothers without hypertension; however, this dif-
ference was not statistically significant (p=0.085).

Table 1. Characteristics of the Patients

Characteristic Value

Male:female 19 (41.3):27 (58.6)

Gestational age (wk) 307 +2"
Birth weight (g) 1,227+230
Maternal history
Gestational/pregestational diabetes 6 (13.0)
mellitus
Pregnancy induced hypertension or 16 (34.7)
preeclampsia
Anemia 28 (60.8)
Iron deficiency 11 (23.9)
Placenta abruption 1 (2.1)
Smoking 1 (2.1)
Maternal laboratory findings
Hemoglobin (g/dL) 11.4+1.6
Ferritin (ng/mL) 59.2+78.6
At the 1st day
Hemoglobin (g/dL) 16.1=1.9
Ferritin (ng/mL) 160.9+165.5
At discharge
Hemoglobin (g/dL) 9.7%1.2
Ferritin (ng/mL) 328.8+328.0
During hospitalization
Minimum serum ferritin concentrations 146.2+114.9
(ng/mL)
Maximum serum ferritin concentrations 456.7+361.9
(ng/mL)
Positive pressure ventilation (d) 15.5+23.1
Number of infants with erythrocyte 38 (82.6)
transfusion
Number of erythrocyte transfusion (n) 5.2+5.2
Total volume of erythrocyte transfusion 99.3+93.5
(mL)
Volume of erythrocyte transfusion 50.0£52.9
(mL/kg)

Neonatal morbidity

Bronchopulmonary dysplasia 10 (21.7)
Retinopathy of prematurity >2° 11 (23.9)
Necrotizing enterocolitis Bell stage =2 0 (0)

Intraventricular hemorrhage >3° 1 (2.1)

Values are presented as number (%) or mean=+standard deviation.
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Red blood cell indices and iron status (mea-
sured on first day of life) by gestational age
The infants were divided into eight groups, based
on gestational age. No significant differences were
found for red blood cell parameters and iron status
(Table 3). Serum ferritin levels were not correlated
with gestational age after controlling for maternal
ferritin concentrations (r=-0.063, p=0.804).

Volume of erythrocyte transfusions and serum
ferritin concentrations

The infants were categorized as belonging to one
of three groups, based on the volume of erythrocyte
transfusion (calculated per body weight) (Table 4).
Infants with a younger gestational age or lower birth

weight required a higher volume of erythrocyte
transfusions. The mean iron intake was statistically
higher in non-transfused infants compared to in-
fants receiving erythrocyte transfusions. Mean se-
rum ferritin concentrations were not different on the
first day and at discharge, but we observed differ-
ences for the minimum and maximum serum ferri-
tin levels during hospitalization. Maximum serum
ferritin levels were significantly higher in infants re-
ceiving =100 ml/kg erythrocyte transfusions, but
the volume of erythrocyte transfusions (mL/kg) was
not correlated with maximum serum ferritin levels
after controlling for the amount of iron intake
(r=0.164, p=0.338). Minimum and maximum se-
rum ferritin levels of non-transfused infants were

Table 2. Comparison of Neonatal Red Blood Cell Parameters and Iron Status at the First Day according to the Maternal Factors

Hemoglobin (g/dL) Ferritin (ng/mL) Hypertension Diabetes mellitus
Parameter
<12 =12 <10 =10 Yes No Yes No
Number 28 18 11 35 16 30 6 40
GA (wk) 302" 303 28M'+2™ 30Mx2™ 31+ 30M+2™ 32714370 30t'+2"
Birth weight (g) 1223.9%223.3 1226.7+£239.6 1152.5+395.8 1221.4+223.1 1245.7+223.7 1218.8+235.3 1353.3+118.4 1208.0+237.2
Hemoglobin (g/dL) 16.5+1.8 16.0£1.9 16.3+1.7 16.9+1.8 16.1+1.7 16.2+2.0 155*2.6 16.3*+1.8
Hematocrit (%) 51.5*+6.4 50.1%+5.8 49.8+7.1 52.3%5.9 50.6%+5.3 50.4+6.8 48.3*7.6 50.8%+6.2
MCV (fL) 117.8+6.6 117.8+8.4 113.3+3.8 117.7+8.6 116.9+8.2 118.6+6.8 117.8+7.4 118.1+7.3
Reticulocyte count (%) 6.5+2.7 6.5+2.4 4.5+3.0 6.8+24 6.3+2.7 7.1x2.1 8.5+23 6.3+2.5
Iron ( zg/dL) 72.4*54.1 74.3x575 59.0+65.1 70.69£5133 66.2+51.5 769x578 782*x81.9 729+%514
TIBC ( £ g/dL) 195.1£68.5 161.5+42.6 134.0£17.0 182.8+74.1 169.7£52.1 188.64+67.2 168.6%t43.1 185.3%+66.0
Ferritin (ng/mL) 122.5+£75.0 230.9%+240.7 253.3%170.5 194.4+181.0 106.9+67.4 186.8+192.0 121.2£80.5 167.8+176.2

Values are presented as number only or mean=standard deviation.
GA: gestational age, MCV: mean corpuscular volume, TIBC: total iron binding capacity.

Table 3. Comparison of Neonatal Red Blood Cell Parameters and Iron Status at the First Day according to the Gestational Age

Gestational age (wk)

Parameter

25726 277%-29%¢ 30*°-30"° 3110-31%¢ 3270327 >33%0 p-value
Number 7 9 11 6 6 7
Hemoglobin (g/dL) 16.7=1.1 16.1%+2.1 15.7+2.5 17.1+1.5 15.7+1.9 16.1%1.9 0.686
Hematocrit (%) 51.6%£3.6 50.8+7.1 48.6+8.0 53.7*+4.1 483+6.7 51.0%6.1 0.640
MCV (fL) 1153+84 120.2+5.0 115.7+6.2 121.5+6.5 117.8+8.4 119.0+94 0.501
Reticulocyte count (%) 5.3+2.0 7.1+24.0 6.0+2.7 5.7+1.5 8.0x1.7 7.6+1.3 0.278
Iron (1 g/dL) 82.6+48.4 71.3%£57.2 75.5+60.2 57.5%£66.0 69.0+44.3 87.5+65.2 0.974
TIBC ( «g/dL) 213.0x71.1 189.3%£55.9 167.0%£59.1 146.7+24.0 202.2+95.5 188.8+62.4 0.711
Ferritin (ng/mL) 131.3£51.8 137.3+62.5 235.0+298.3 160.3+:89.6 106.8+98.6 157.0+154.6 0.786
Values are presented as number only or mean=*standard deviation.
MCV: mean corpuscular volume, TIBC: total iron binding capacity.
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higher than those of infants receiving <100 mL/kg
erythrocyte transfusions.

Neonatal morbidity and erythrocyte trans-
fusions

The associations between erythrocyte transfusions
and neonatal morbidity are presented in Table 5. A
total of 10 and 11 VLBW infants were diagnosed as
BPD and ROP, respectively. We found a significantly
lower gestational age and birth weight among in-

fants with morbidity. Infants with BPD or ROP re-
ceived a higher volume and number of erythrocyte
transfusions than infants without BPD or ROP. The
total volume of erythrocyte transfusion was corre-
lated with the duration of positive-pressure ven-
tilation (r=0.676, p<0.001) but not with maximum
serum ferritin levels (r=0.012, p=0.945) after con-
trolling for the amount of iron intake. Infants with
ROP required a longer duration of positive-pressure
ventilation compared to infants without ROP. Mini-

Table 4. Association between Volume of Erythrocyte Transfusion and Serum Ferritin Concentrations

Volume of erythrocyte transfusion (mL/kg)

Parameter

0 <100 >100 p-value
Number 8 (17) 29 (63) 9 (20)
Gestational age (wk) 32"0x2" 30%0+2"! 277 +2"! <0.001
Birth weight (g) 1,452.5+52.8 1,245.5+195.8 966.7+178.3 <0.001
Maternal ferritin (ng/mL) 43.5+38.2 41.2+26.4 114.4+147.9 0.143
Total volume of erythrocyte transfusion (mL) 0 83.7+44.9 114.4+147.9 <0.001
Iron intake (mg/kg/d) 1.8=1.0 1.2+0.6 0.1x0.2 <0.001
Hemoglobin at the 1st day (g/dL) 16.1+2.1 16.3+1.9 15.9+2.0 0.856
Ferritin (ng/mL)
At the 1st day 264.8+215.1 144.5+158.7 103.8+53.0 0.219
At discharge 439.6+489.6 297.0+315.3 329.2x175.4 0.566
Minimum 214.4+177.3 112.0+£60.4 195.8+149.6 0.026
Maximum 555.6+476.3 352.1%£276.7 705.7+388.7 0.022

Values are presented as number (%) or meanz=standard deviation.

Table 5. Correlation among the Neonatal Morbidity, ErythrocyteTransfusion, and Serum Ferritin Concentrations

Bronchopulmonary dysplasia

Retinopathy of prematurity

Parameter
Yes No p-value Yes No p-value
Number 10 36 11 35
Gestational age (wk) 2870+2%0 317°+2"! <0.001 277420 317 +2% <0.001
Birth weight (g) 1,046.9+249.8 1,323.0+148.9 <0.001 1,044.2+£266.5 1,291.5+178.4 <0.001
Iron intake (mg/kg/d) 0.71+0.83 1.26+0.86 0.065 0.45+6.9 1.31+0.8 0.005
Number of erythrocyte transfusion 10.6+4.9 2.2+1.9 <0.001 11.3+5.6 3.0+2.8 <0.001
Total volume of erythrocyte 191.4+93.5 50.2+43.2 <0.001 205.8+104.1 61.7£52.2 <0.001
transfusion (mL)
Volume of erythrocyte transfusion 95.6+59.2 25.7+27.6 <0.001 97.5+69.2 33.2+333 <0.001
(mL/kg)
Positive pressure ventilation (d) 39.4+25.1 12.67+3.5 <0.001 42.8+28.2 15.8+9.6 <0.001
Ferritin levels (ng/mL)
At the 1st day 124.69+55.1 174.0+189.6 0.251 111.7%+59.1 176.1+184.8 0.133
At discharge 320.6%+250.1 333.3%368.1 0.891 255.6+184.6 355.4+365.4 0.236
Minimum 159.4+120.7 139.2x113.2 0.586 149.1+115.2 145.2x116.6 0.921
Maximum 468.7+381.1 450.2+357.8 0.874 523.6+422.1 433.0%342.1 0.512

Values are presented as number only or mean=standard deviation.
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mum and maximum serum ferritin levels were not
significantly different between infants with ROP
and those without ROP. Mean iron intake was sig-
nificantly higher in infants without morbidity than
in those with morbidity.

DISCUSSION

In our study, no VLBW infants were iron-defi-
cient, defined as serum ferritin levels <10 ng/mL,
during their hospitalization in NICU. Their mean se-
rum ferritin levels since 1 week of age were above the
95th percentile according to previous standards by
Siddappa et al. [11]. The infants required a mean vol-
ume of 50.0=52.9 mL/kg for erythrocyte trans-
fusions, and their iron status during hospitalization
was considered as iron-replete or -retaining rather
than iron deficient.

It has been reported that fetal iron status is in-
dependent of maternal iron indices [12,13]. However,
one previous study showed that lower maternal he-
moglobin concentrations were correlated with lower
fetal iron stores and lower cord hemoglobin concen-
trations [14]. Maternal anemia and iron deficiency
did not affect neonatal red blood cell count and iron
status in our study. Serum ferritin levels were meas-
ured after the infants were stable. About 50% of in-
fants required oxygen and positive-pressure ven-
tilation before blood sampling; thus, serum ferritin
concentrations might have been affected by the oxy-
gen exposure. Maternal hypertension causes in-
adequate placental circulation, which leads to a
chronic hypoxic state, stimulating fetal erythropoi-
esis [15]. Infants born to mothers with hypertension
are at risk for iron-deficiency due to the interrupted
transport of maternal iron to the fetus and aug-
mented erythropoiesis [11]. Infants born to mothers
with gestational diabetes mellitus are also at risk for
low serum ferritin levels [16]. In our study, we ob-
served no significant differences in serum ferritin
levels on the first day of life between infants born to
mothers with and without hypertension or diabetes
mellitus.

Excessive iron accumulation can occurs in preterm

infants with multiple erythrocyte transfusions. The
iron status of preterm infants undergoing multiple
transfusions might be adequate without iron supple-
mentation; in particular in transfused ELBW infants
who have a high iron storage until 6 months of age
[7,17]. Since the life span of transfused erythrocytes
is shorter than that of erythrocytes in premature in-
fants [18], the breakdown of erythrocytes and re-
sulting damage during transfusion can result in an
iron overload state [19]. High serum ferritin concen-
trations reflect not only excessive iron accumulation
but also systemic inflammatory conditions and in-
fections [20]. In our study, 38 VLBW infants required
erythrocyte transfusions. The volumes (based on
weight) of the erythrocyte transfusions were not cor-
related with serum ferritin concentrations. However,
maximum serum ferritin levels were significantly
higher in infants receiving =100 ml/kg erythrocyte
transfusions compared to non-transfused infants
and infants receiving <100 mlL/kg erythrocyte trans-
fusions. Although infants with sepsis were excluded
from our study, the preterm infants had various in-
flammatory conditions, such as exposure to oxy-
gen-free radicals. This might have affected serum
ferritin levels.

A higher iron status, as measured by various bio-
markers, in particular serum ferritin, might be medi-
ated by iron-related oxidative stress though lipid oxi-
dation [21]. In animal models, pharmacological iron
supplementation significantly increased lipid oxida-
tion in both normal and iron deficient states [22]. In
arandomized controlled trial conducted in pregnant
women during the third trimester, lipid peroxidation
levels but not serum ferritin levels were significantly
higher in women receiving iron supplementations
than in controls [23]. In our study, non-transfused
infants had a significantly higher oral iron intake
than transfused infants. Although maximum serum
ferritin levels were not associated with the amount
of iron intake after controlling for the volume of er-
ythrocyte transfusion, minimum and maximum se-
rum ferritin concentrations of non-transfused in-
fants were higher than in infants with receiving less
100 mL/kg of erythrocyte transfusion. In our study,
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infants without BPD or ROP had higher oral iron in-
take than those with BPD or ROP. It is still uncertain
if low-dose iron supplementation increases lipid
oxidation.

Preterm infants have an immature iron metabo-
lism system and antioxidative activity [4,5], and ex-
cessive iron accumulation can cause and exacerbate
major morbidities such as BPD and ROP, which are
known to be associated with oxidative injury [7,8].
Higher serum ferritin concentrations have also been
shown to be associated with the incidence and se-
verity of ROP [24]. The volumes of erythrocyte trans-
fusions were significantly higher in infants with BPD
and ROP than in those without these conditions, but
the maximum serum ferritin concentrations of in-
fants with morbidity were not statistically different
to those without morbidity. The duration of pos-
itive-pressure ventilation showed a strong positive
correlation with the volume of erythrocyte transfusion.
However, infants undergoing positive-pressure ven-
tilation required more frequent erythrocyte trans-
fusions to maintain adequate hematocrit levels. It
was not clear whether the high total erythrocyte vol-
umes resulted in or were caused by the longer dura-
tion of the positive-pressure ventilation.

Our study was conducted with a small number of
VLBW infants; in particular, only a small number of
infants did not receive erythrocyte transfusions.
Serum ferritin concentrations were used as the pri-
mary marker for iron storage; however, serum ferri-
tin levels might be affected by systemic inflammation.
Although infants with sepsis were excluded from
this study, the severity of individual inflammatory
conditions was not controlled. Serum ferritin alone
might not be representative of the iron status of
VLBW infants under inflammatory conditions and
receiving multiple erythrocyte transfusions.

The total volumes of erythrocyte transfusions
were associated with neonatal morbidity, and the
majority of VLBW infants were at risk for excessive
iron stores during hospitalization. When serum fer-
ritin levels were >350 ng/mL, iron supplementation
was withheld. We did not assess if a change in serum
ferritin concentrations through oral iron supple-
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mentation under an iron-overload state, which has a
limitation to show the association between oral iron
intake and oxidative stress.

In conclusion, VLBW infants receiving multiply
erythrocyte transfusions had excessive iron stores
during hospitalization in the NICU. Also non-trans-
fused infants might had a risk of iron overload dur-
ing hospitalization. This suggests that the iron status
of VLBW infants should be assessed during hospital-
ization in the NICU and after discharge for an appro-
priate iron supplementation regimen.
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