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Abstract: Objective: To analyze the related risk factors in blood transfusions for extremely low birth weight infants 
and extreme preterm infants, and to explore the prevention strategy of anemia. Methods: A total of 60 infants with 
gestational age < 28 weeks or birth weight < 1000 g admitted to our hospital from January 2017 to December 
2020 were retrospectively analyzed. The infants with a birth weight of less than 1000 g were divided into the blood 
transfusion group and the non-blood transfusion group according to whether they received a blood transfusion. 
The general health situation, disease occurrence and treatment measures during hospitalization were compared 
between the two groups, and the risk factors of blood transfusion were analyzed. Results: There were significant 
differences in maternal anemia during pregnancy, birth weight, gestational age, hemoglobin and hematocrit at 
birth, blood collection within 2 weeks after birth, length of hospital stay, bronchopulmonary dysplasia and patent 
ductus arteriosus between the transfusion group and the non-transfusion group (P < 0.05). Multivariate logistic 
regression analysis and ROC curve analysis showed that the younger the gestational age (OR=0.385, 95% CI: 
0.212~0.705, P=0.002), the lower the birth weight (OR=1.004, 95% CI: 0.967~0.998, P=0.001), the longer the 
hospitalization time (OR=2.178, 95% CI: 1.172~4.049, P=0.014) and a larger blood collection within 2 weeks after 
birth (OR=1.269, 95% CI: 1.084~1.489, P=0.003) would induce higher the blood transfusion rates. Conclusion: 
The transfusion indications of extremely low birth weight infants and extreme preterm infants are affected by many 
factors, among which gestational age, length of hospital stay, blood collection within 2 weeks after birth and birth 
weight are independent predictors of transfusion. Blood transfusion in extremely low birth weight infants and ex-
treme preterm infants is associated with an increased risk of apnea, neonatal respiratory distress syndrome, bron-
chopulmonary dysplasia and patent ductus arteriosus.
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Introduction

Anemia in preterm infants refers to when hemo-
globin (HB) in the venous blood is ≤ 130 g/L, 
and peripheral HB ≤ 145 g/L within 2 weeks of 
birth, peripheral HB < 110 g/L from 2 weeks to 
1 month of birth, and peripheral HB < 90 g/L 
after 1 month of birth [1]. The smaller the pre-
term infants are, the more likely they need  
a blood transfusion [2, 3]. The main clinical 
manifestations of neonatal anemia include pa- 
le skin and mucous membranes, low reaction, 
apnea, feeding difficulties, weight loss and 
other symptoms [4]. At present, blood trans- 
fusion is still the most common and effecti- 
ve treatment. The Canadian neonatal network 

(CNN) survey showed that more than 75% of 
extremely low birth weight infants and extreme 
preterm infants received at least one blood 
transfusion during hospitalization [5]. Blood 
transfusion in preterm infants may also pro-
duce serious side effects, such as bronchopul-
monary dysplasia (BPD), necrotizing enterocoli-
tis (NEC), pulmonary hemorrhage, intracranial 
hemorrhage (IVH) and retinopathy of prematu-
rity (ROP), etc [6-10]. Whyterk et al. [11] sug-
gested that the inhibition of the erythropoietin 
response in preterm infants after birth, and the 
large amount of iatrogenic blood loss are the 
causes of anemia in preterm infants. Jeannette 
S [12] indicated that low erythropoietin levels 
and low iron storage are the causes of anemia 

http://www.ajtr.org


Blood transfusion therapy for low birth weight preterm infants

8180 Am J Transl Res 2021;13(7):8179-8185

in premature infants, and studies have pointed 
out that the younger the gestational age and 
more iatrogenic blood loss could induce greater 
anemia in premature infants.

In our study, we analyzed the related risk fac-
tors of blood transfusion for extremely low birth 
weight infants and extreme preterm infants. 

Data and methods

Clinical data

This is a retrospective study, With 60 extremely 
low birth weight infants and extreme preterm 
infants in our hospital from January 2017 to 
December 2020 who were divided into two gr- 
oups: the observation group (n=36 cases) and 
the control group (n=24 cases). The study was 
approved by the institutional ethics committee 
of Huizhou Municipal Central Hospital and was 
conducted in accordance with the Declaration 
of Helsinki. 

Inclusion and exclusion standards

Inclusive standards: ① Admission within 24 
hours after birth; ② Gestational age < 28 
weeks or birth weight < 1000 g; ③ Stay in hos-
pital ≥ 7 days; ④ The basic information and 
laboratory examination data are complete.

Exclusion standard: ① Had a history of ery- 
thropoiesis disorders; ② Had a history of hemo-
lytic anemia; ③ Had a history of thalassemia 
and other blood system diseases; ④ Had a his-
tory of immunodeficiency at birth.

Methods

The infants in the control group had no blood 
transfusion (n=24 cases). The infants were 
didn’t receive blood transfusion.

The infants in the observation group for did 
have a blood transfusion (n=36 cases). The bl- 
ood transfusion indication conformed to stan-
dards of Practical Neonatology [13] and were 
as follow: ① Infants needed moderate mech- 
anical ventilation, and hemoglobin (HB) ≤ 110 
g/L, or hematocrit (HCT) ≤ 0.35; ② Infants 
needed mild mechanical ventilation, and he- 
moglobin (HB) ≤ 100 g/L, or hematocrit (HCT) ≤ 
0.30; ③ Infants needed oxygen, but they did 
not need mechanical ventilation, moreover, In- 
fants had anemia symptom, and hemoglobin 

(HB) ≤ 80 g/L, or hematocrit (HCT) ≤ 0.25; ④ 
Infants were asymptomatic, but hemoglobin 
(HB) ≤ 70 g/L, or hematocrit (HCT) ≤ 0.20.

Observation index

① Collection of clinical data: The general data 
of infants, such as birth weight, gestational 
age, gender were collected; high risk factors of 
pregnant females: mode of delivery, pregnancy in- 
duced hypertension, gestational diabetes mel-
litus, premature rupture of membranes; related 
risk factors of infants such as times of admi- 
nistration of surfactant, duration of mechanical 
ventilation, duration of oxygen use, Hb and HCT 
before blood transfusion, apnea before blood 
transfusion, neonatal sepsis, IVH, NEC, length 
of hospital stay, etc.

② Recorded related complications: 1) Bron- 
chopulmonary dysplasia (BPD). 2) Necrotizing 
enterocolitis (NEC). 3) Intraventricular hemor-
rhage (IVH). 4) Patent ductus arteriosus (PDA).

Statistical analysis

All data were analyzed by SPSS 25.0. Among 
them (n, %) refers to the calculated data. The 
comparison of relevant data between groups 
and within groups was performed by chi square 
test, and the measurement data was applied 
(Mean ± sd). The comparison between groups 
was conducted by t test. P < 0.05 indicated the 
difference had statistical significance. Analys- 
es were performed using Graph Pad Prism 7 
Software (Graph Pad Prism, San Diego, CA).

Results

Clinical data of the infants

The research included 60 infants with extre- 
mely low birth weight and that were extremely 
preterm. This involved 36 infants in the obser-
vation group, with a mean gestational age 
(30.6±2.2) weeks, while in the control group, 
there was a mean gestational age (32.9±2.5) 
weeks. The birth weight in the observation gr- 
oup was (1268.1±196.2) g, and in the control 
group it was (1373.2±136) g, there was a sta-
tistical significance between two groups (P < 
0.05). The level of Hb value at birth in the ob- 
servation group was (173.5±21.4) g/L, and 
that in the control group was (188.9±21.1) g/L. 
The Hct value at birth in observation group  
was (52.7±5.5)%, and in control group was 
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(56.4±5.7)%, there was statistical significance 
between two groups (P < 0.05). The time of stay 
in hospital in observation group was (41±16.9) 
days, and in control group was (18±7.4) days. 
The number of pregnant women who maternal 
anemia during pregnancy in the observation 
group was 26 (72.2%), and the control group 
was 5 (20.8%). The blood collection within 2 
weeks after birth in observation group was 
(24.4±8.6) mL/Kg, and in the control group it 
was (16.6±7.4) mL/Kg. There was statistical 
significance between the two groups (P < 0.05) 
(Table 1 and Figure 1).

Clinical features of the mothers of the infants

The number of pregnant women who had cesar-
ean section in the observation group was 23 
(63.9%) cases, and that in the control group 
was 15 (62.5%) cases. The number of pregnant 
women with natural labor in the observation 
group was 13 (36.1%) cases, and that in the 
control group was 9 (37.5%), there was no sta-
tistical significance between two groups (P > 
0.05). The rate of premature rupture of mem-
branes in the observation group was 27.8% 
(10/36), and that in the control group was 
16.7% (4/24). The number of pregnant women 
who had pregnancy-induced hypertension in 
the observation group was 12 (33.3%), and 
that in the control group was 7 (29.1%). The 
number of pregnant women who had gesta- 
tional diabetes in the observation group was 7 
(19.4%), and that in the control group was 4 

(16.7%). The two groups were similar in demo-
graphics, clinical characteristics of the mothers 
of the infants, and there was no statistical sig-
nificance between two groups (Table 2).

Clinical complications in infants

The incidence of tracheal intubation, asphyxia, 
apnea, NRDS, BPD, sepsis and PDA after birth 
in blood transfusion group was higher than th- 
ose in non-blood transfusion group (P < 0.05). 
However, there was no significant difference in 
the incidence of pulmonary hemorrhage, NEC 
and IVH between the two groups (P > 0.05). In 
the blood transfusion group, 13 cases of NEC 
occurred after blood transfusion, and 7 cases 
occurred within 48 hours after blood transfu-
sion (Table 3).

Analysis of related risk factors of blood trans-
fusion

Multivariate logistic regression analysis and 
ROC curve analysis showed that the younger 
the gestational age (OR=0.385, 95% CI: 
0.212~0.705, P=0.002), the lower the birth 
weight (OR=1.004, 95% CI: 0.967~0.998, 
P=0.001), the longer the hospitalization time 
(OR=2.178, 95% CI: 1.172~4.049, P=0.014) 
and a larger the blood collection within 2 weeks 
after birth (OR=1.269, 95% CI: 1.084~1.489, 
P=0.003) would induce a higher blood transfu-
sion rate. Therefore, gestational age, length of 
hospital stay, birth weight and blood collection 

Table 1. Comparison of clinical data between the two groups
Observation group 

(n=36)
Control group 

(n=24) t/x2 P

Gestational age (weeks) 30.6±2.2 32.9±2.5 4.25 0.00002
Sex 0.68 0.418
    Male (n, %) 19 (52.8%) 13 (54.2%) 
    Female (n, %) 17 (47.2%) 11 (45.8%) 
Birth weight (g) 1268.1±196.2 1373.2±136 2.39 0.008
Delivery modes 5.52 0.37
    Cesarean section 23 (63.9%) 15 (62.5%)
    Natural labor 13 (36.1%) 9 (37.5%)
Hb value at birth (g/L) 173.5±21.4 188.9±21.1 4.55 0.0004
Hct value at birth (%) 52.7±5.5 56.4±5.7 3.29 0.005
Stay in hospital (d) 41±16.9 18±7.4 9.95 0.0003
Maternal anemia during pregnancy 26 (72.2%) 5 (20.8%) 14.45 0.0009
Blood collection within 2 weeks after birth (mL/Kg) 24.4±8.6 16.6±7.4 5.57 0.0002
Note: Compared with the control group, significant difference as P < 0.05.
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within 2 weeks after birth were independent 
predictors of blood transfusion (Table 4 and 
Figure 2).

Discussion

Anemia of extreme low birth weight and ex- 
treme preterm infants is one of the most com-
mon complications of many complications in 
preterm infants. It is affected by many factors, 
such as physiological factors and pathological 
factors. Severe anemia can aggravate disease 
and even endanger life [14]. As shown in our 
results, maternal anemia during pregnancy, 
birth weight, gestational age, hemoglobin and 

age, has greater risk of blood transfusion, es- 
pecially for premature infants with gestational 
age < 28 weeks and birth weight < 1000 g.

Our study showed that the incidence rate of  
tracheal intubation and BPD, ARDS, apnea and 
asphyxia in the transfusion group is high. This 
is related to the young gestational age, low 
birth weight, relatively immature lung develop-
ment and relatively severe disease in the blood 
transfusion group. Some studies suggest that 
the amount of red blood cells needed in trans-
fusion is closely related to the occurrence of 
BPD. With the increase of red blood cell trans-
fusion volume, the occurrence of BPD increas-

Figure 1. Clinical data of two groups. 
Note: Compared with control group, *P 
< 0.05. A: Comparison of gestational 
age between the two groups. B: Com-
parison of Hb value at birth between 
the two groups. C: Comparison of Hct 
value at birth between the two groups. 
D: Comparison of Stay in hospital be-
tween the two groups. E: Comparison 
of Blood collection within 2 weeks af-
ter birth between the two groups.

hematocrit at birth, blood col-
lection within 2 weeks after 
birth, length of hospital stay, 
need for tracheal intubation 
after birth, neonatal respira-
tory distress syndrome, ap- 
nea, bronchopulmonary dys-
plasia and patent ductus ar- 
teriosus were the risk factor 
for anemia of extremely low 
birth weight infants and ex- 
treme preterm infants. Multi- 
variate logistic regression an- 
alysis and ROC curve analysis 
showed that blood transfu-
sion in extremely low birth 
weight infants and extreme 
preterm infants is associated 
with increased risk of apnea, 
neonatal respiratory distress 
syndrome, bronchopulmona- 
ry dysplasia and patent duc-
tus arteriosus.

Currently, the cause and me- 
chanism of hemorrhage ane-
mia in small and low birth 
weight newborns has not be- 
en clarified. The main reasons 
for anemia are low level of 
cytopoietin, short life span of 
red blood cells, gastrointesti-
nal feeding intolerance and 
other factors [15]. As is con-
sistent with our results, the 
gestational age and birth wei- 
ght of the blood transfusion 
group were less than those  
of the non-blood transfusion 
group. A younger gestational 
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es significantly, which may be due to the oxida-
tive stress reaction caused by the increase of 
non-transferrin bound iron in stored blood [16, 
17].

At present, there are still many controversies 
about the indications of blood transfusions in 
premature infants. A blood transfusion study 
involving 1018 newborns in 11 countries fo- 
und that only 51% of neonatal intensive care 
units follow strict blood transfusion indications 
[18]. The two transfusion strategies are limited 
transfusion and non-limited transfusion. They 
are relative concepts, which are still clearly de- 
fined in the clinic. Restrictive blood transfusion 
is relatively conservative and the blood transfu-

sion threshold is relatively high, while the rela-
tively low blood transfusion threshold is called 
a non-restrictive blood transfusion [19]. In the 
past, there was a tendency for limited blood 
transfusion to significantly reduce the amount 
of neonatal red blood cell transfusion, but so- 
me scholars suggest that anemia related com-
plications may increase the risk of blood tr- 
ansfusion. Non limited blood transfusions can 
reduce the time of mechanical ventilation and 
nosocomial infection, which is more conducive 
to the recovery of the disease [20]. Jayanta et 
al. [21] suggested that restrictive blood trans-
fusions increase the risk of pulmonary hemor-
rhage, IVH, apnea and bradycardia. However, 
Wang et al. [22] concluded that restrictive 

Table 2. Comparison of clinical features of the mothers of the infants between the two groups [n (%)]
Observation group (n=36) Control group (n=24) t/x2 P

Delivery modes 5.52 0.37
    Cesarean section 23 (63.9%) 15 (62.5%)
    Natural labor 13 (36.1%) 9 (37.5%)
Premature rupture of membranes 10 (27.8%) 4 (16.7%) 17.8 0.23
Pregnancy-induced hypertension 12 (33.3%) 7 (29.1%) 6.69 0.15
Gestational diabetes 7 (19.4%) 4 (16.7%) 4.48 0.28
Note: Compared with the control group, significant difference as P < 0.05.

Table 3. Comparison of clinical complications of the infants between the two groups [n (%)]
Observation group (n=36) Control group (n=24) t/x2 P

Asphyxia 27 (75%) 6 (25%) 27.52 0.0003
Apnea 22 (61.1%) 5 (20.8%) 19.94 0.010
NRDS 15 (41.7%) 4 (16.7%) 9.38 0.002
Pulmonary hemorrhage 6 (16.7%) 1 (4.2%) 22.8 0.07
BPD 13 (36.1%) 4 (16.7%) 9.69 0.006
NEC 13 (36.1%) 4 (16.7%) 2.48 0.342
PDA 12 (33.3%)) 3 (12.5%) 15.23 0.023
IVH 6 (16.7%) 3 (12.5%) 5.58 0.414
Septicemia 11 (30.6%) 5 (20.8%) 7.27 0.007
Tracheal intubation is required 21 (58.3%) 2 (8.3%) 27.77 0.00001
Note: Compared with the control group, significant difference as P < 0.05. NRDS: Neonatal respiratory distress syndrome; BPD: 
bronchopulmonary dysplasia; NEC: Necrotizing enterocolitis; IVH: Intraventricular hemorrhage; PDA: patent ductus arteriosus.

Table 4. Multivariate logistic analysis of blood transfusion risk
Factors β Wald OR 95% CI P
Gestational age (weeks) -0.962 9.632 0.385 0.212-0.705 0.002
Birth weight (g) -0.004 0.857 1.004 0.967-0.998 0.001
Stay in hospital (d) 0.779 6.037 2.178 1.172-4.049 0.014
Blood collection within 2 weeks after birth (mL/Kg) 0.239 8.653 1.269 1.084-1.489 0.003
Note: Significant difference as P < 0.05.
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blood transfusions do not increase death, pul-
monary hemorrhage, IVH, apnea and BPD. The 
risk of non-restrictive blood transfusion does 
not bring significant benefits to children.

In conclusion, the transfusion indications of ex- 
tremely low birth weight infants and extreme 
preterm infants are affected by many factors, 
among which gestational age, length of hospi-
tal stay, blood collection within 2 weeks after 
birth and birth weight are independent predic-
tors of transfusion. Blood transfusion in ex- 
tremely low birth weight infants and extreme 
preterm infants is associated with increased 
risk of apnea, neonatal respiratory distress sy- 
ndrome, bronchopulmonary dysplasia and pat-
ent ductus arteriosus. Furthermore, our study 
is a retrospective study with a small sample 
size. Prospective and multicenter studies are 
still needed to evaluate the advantages and 
disadvantages of blood transfusions.
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