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ABSTRACT

Purpose: Preterm infants frequently require red blood cell (RBC) transfusions in neo-
natal intensive care units (NICU). Storage RBCs undergo many changes during storage
periods. We aimed to compare the hemoglobin (Hb) correction effect according to the
period of RBC storage and investigate the factors influencing Hb correction.

Methods: This retrospective study reviewed the medical records of 289 patients who
received RBC transfusion more than once in the NICU of Kosin University Gospel
Hospital between February 2006 and March 2016. The subjects were classified into two
storage groups: short-term (<7 days, n=88) and long-term (>7 days, n=201), according
to the period of RBC storage. We checked Hb levels by complete blood cell count tests
conducted within 2 days before and 5 to 9 days after the first transfusion. We compared
the Hb difference between the two groups and analyzed the factors influencing Hb
correction.

Results: Excluding the use of an invasive ventilator, there was no significant difference
between the two groups in terms of clinical characteristics. There was no significant
difference in the Hb correction effect between the two groups (P=0.537). Birth weight
greater than 1,500 g, higher weight at transfusion, and larger volume of transfusion
were significant prognostic factors affecting greater changes in Hb. In addition, sur-
gery experience, higher Hb level at transfusion, and additional blood tests were found
to be significantly associated with less changes in Hb.

Conclusion: The RBC storage period did not affect the Hb correction effect. The Hb
correction effect may be diminished in infants with lower birth weight and lower
weight at transfusion under unstable clinical conditions.
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Figure 1. Duration of red blood cell (RBC) storage by study group.
The mean storage period of red blood cells was 10.01+5.13 days,
ranging from 1 day to a maximum of 32 days. The means of the
short-term and long-term storage groups were 4.69+1.75 and 12.45
+4.25 days, respectively.
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Table 1. Characteristics of the Subjects
Short-term Long-term
Characteristic stor(:f:eggsr)oup sto:ﬁiz (g)ll‘())up Vall_le
Gestational age
Mean+SD (wk) 29.69+3.42 29.55+3.57  0.641
<32wk 71 (80.7) 160(79.6)  0.833
>32 wk 17(19.3) 41 (20.4)
Birth weight
Mean+SD (g) 1,350.03+668.70 1,346.88+615.18 0.797
<1,500 g 64 (72.7) 147(73.1)  0.943
>1,500 g 24 (27.3) 54(26.9)
Type of delivery
NSVD 16(18.2) 58(28.9)  0.056
C-sec 72 (81.8) 143 (71.1)
Sex
Male 42 (47.7) 110(54.7)  0.273
Female 46 (52.3) 91 (45.3)
Multiple birth
Twin or triplet 20 (22.7) 51(25.4) 0.631
Singleton 68 (77.3) 150 (74.6)
TTTS 0.285
Donor twin 3(3.4) 4(1.9)
Recipient twin 1(1.1) 0
Apgar score
1 min 5(4-7) 5(4-6) 0.441
5 min 8(8-9) 8(8-9)  0.250
Initial hemoglobin (g/dL) 14.79+2.06 14.32+2.16 0.156
Total no. of RBC transfusion*  3.78+3.83 3.39+3.09  0.646

Values are expressed as meantstandard deviation, number (%), or
median (interquartile range).

*During admission.

Abbreviations: NSVD, normal spontaneous vaginal delivery; C-sec,
caesarean section; TTTS, twin-to-twin transfusion syndrome; RBC, red
blood cell.
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Table 2. Clinical Characteristics of the Short-Term and Long-
Term Storage Groups

Short-term Long-term .
Characteristic storage group storage group
(n=88) (n=201) value
Condition at transfusion
Age (postnatal d) 14.05+13.71  13.54+11.68 0.708
Weight (kg) 1.46+0.72 1.44+0.68  0.943
Transfusion volume (cc/kg) 12.03+2.44 12.34+2.75  0.347
Enteral feeding volume 46.62+57.21  47.02+58.79  0.620
(cc/kg/d)
Parenteral nutrition 70(79.5) 158 (78.6) 0.857
Use of invasive ventilator 25 (28.4) 86 (42.8) 0.023
CRP (mg/dL) 0.87+2.26 1.00£2.20 0.475
Accompanying disease*
IVH 0.248
Grade 1 or2 9(10.2) 24(11.9)
Grade 3 or 4 6(6.8) 27(13.4)
Other disease 0.253
Hematologic disease 1(1.1) 3(1.5)
NEC' 2(2.3) 6(3.0)
Gl bleeding 2(2.3) 1(0.5)
Sepsis 1(1.1) 9(4.5)
Operation 11 (12.5) 37(18.4) 0.214
No. of blood sampling 1.34+1.43 1.39+1.75  0.677
No. of additional transfusion”  1.26+0.58 1.31£0.70  0.796

Values are expressed as meantstandard deviation or number (%),
*Within 2 weeks before and after the first transfusion; 'Bell’s staging
criteria I1a or above; "Within 5 to 9 days after the first transfusion.
Abbreviations: CRP, C-reactive protein; IVH, intraventricular hemorrh-
age; NEC, necrotizing enterocolitis; GI, gastrointestinal.
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Figure 2. Comparison of differences in hemoglobin levels
between the short-term and long-term storage groups. There
was no significant difference between changes in hemoglobin
levels before and after transfusion. It was 1.25+2.20 g/dL in the
shortterm storage group and 1.49+1.83 g/dL in the long-term
storage group (P=0.537).

Table 3. Changes in Hemoglobin Levels before and after the Transfusion

Total VLBWI
Hemoglobin level
(mg/dL) Short-term storage ~ Long-term storage P-value Short-term storage  Long-term storage P-value
group (n=88) group (n=201) group (n=64) group (n=147)
Before transfusion® 10.54+2.30 10.11+1.83 0.281 10.50+2.13 9.97+1.64 0.175
After transfusion’ 11.79+£1.92 11.61+1.87 0.738 11.31+1.40 11.31£1.69 0.944
Difference 1.25+2.20 1.49+1.83 0.537 0.81+2.03 1.34+1.84 0.166

Values are expressed as meantstandard deviation.

*Within 2 days before the first transfusion; 5 to 9 days after the first transfusion.

Abbreviation: VLBWI, very low birth weight infant.
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Figure 3. Red blood cell storage duration versus the difference
in hemoglobin levels in the total study group. There was no
statistically significant correlation between the number of days
of storage of red blood cells and the change in hemoglobin levels
before and after blood transfusion (P=0.152).
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Table 4. Univariate and Multivariate Linear Regression Analyses of Hemoglobin Level Changes

Univariate Multivariate
Variable
Beta 95% CI P -value Beta 95% CI P -value

Storage duration (>7 d) 0.06 -0.25t00.73 0.336

GA (=32 wk) 0.11 -0.01to1.12 0.052

Birth weight (1,500 g) 0.20 0.39t0 1.39 0.000 0.15 0.08 to 1.22 0.025
Initial Hb (mg/dL) 0.00 -0.10t0 0.11 0.950

Age (postnatal d)* 0.46 0.06 to 0.09 0.000

Weight (kg)* 0.32 0.00 to 0.00 0.000 0.17 0.10to 0.86 0.012
Transfusion volume (cc/kg) 0.32 0.15t0 0.32 0.000 0.18 0.06 to 0.20 0.000
Enteral feeding (cc/kg)* 0.40 0.01 to 0.02 0.000

Use of invasive ventilator* -0.22 -1.31to-0.41 0.000

CRP (mg/dL)’ -0.01 -0.11100.09 0.829

Hb (mg/dL)T -0.54 -0.63 to -0.44 0.000 -0.43 -0.52t0-0.32 0.000
IVH (1 or 2 vs. negative)" -0.07 -1.17t0 0.27 0.219

IVH (3 or 4 vs. negative)" -0.01 -0.75 t0 0.68 0.925

Operation* -0.16 -1.45t0-0.25 0.006 -0.11 -1.06t0-0.13 0.012
No. of blood sampling® -0.34 -0.53 t0 -0.27 0.000 -0.25 -0.40 to -0.18 0.000
No. of additional transfusion® -0.07 -0.54t00.14 0.244

*At transfusion; "Within 2 days before transfusion; *Within 2 weeks before and after transfusion; *Within 5 to 9 days after transfusion.
Abbreviations: Beta, unstandardized regression efficient; CI, confidence interval; GA, gestational age; Hb, hemoglobin; CRP, C-reactive protein;

IVH, intraventricular hemorrhage.
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