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Red blood transfusion in preterm 
infants: changes in glucose, 
electrolytes and acid base balance
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Abstract: 

Background: Preterm neonates comprise the most heavily transfused group of patients, and about 85% of extremely low 
birth weight newborns receive a transfusion by the end of their hospital stay. The aim of this study was to assess the 
possible metabolic effects of RBC transfusion on preterm infants, especially during the first 2 weeks of life, and its relation 
to blood volume. Materials and Methods: This study was conducted on 40 preterm neonates with gestational age of less 
than or equal to 34 weeks. They received RBCs transfusion during first 2 weeks of life. Venous blood samples of infants 
were collected 2 to 4 hours before and 1 hour after the end of transfusion to evaluate hemoglobin (Hb) level, hematocrit, 
acid-base, electrolytes, and glucose status. Then, infants were classified into two main groups: those who received RBCs 
volume less than or 20 ml/kg and those who received RBCs volume more than 20 ml/kg. Results: Infants received a mean 
volume of 20.38 ± 3.2 ml/kg RBCs (range, 10.9 - 26.6 ml/kg) at a median age of 9.8 ± 3.6 days. After transfusion, a 
significant increase of mean Hb (P<0.001), mean Hct (P<0.001), pH (P<0.001), pO2 (P<0.05), and a significant decrease 
of the pCO2 (41.46 ± 8.8torr vs 35.4 ± 9.34 torr; P<0.001) were observed. In addition, there was a significant increase of 
serum K+ (P<0.001), and a significant decrease of Ca+2 (P<0.001). A positive correlation was found between the K+ intake 
and the changes of kalemia (r = 0.99; P = 0.00). Furthermore, we observed an inverse correlation between the patients’ 
calcium intake and the changes of calcemia (r = -0.35; P = 0.02). On comparing the changes in clinical and biochemical 
variables between two groups after transfusion, we observed a significant increase in mean Hb and Hct associated with 
a significant decrease in mean serum Ca+2 (P<0.001) in the group receiving the larger blood volume. Conclusion: RBC 
transfusion was effective in improving anemia, oxygenation, increasing pH, and decreasing CO2 and Ca+2. However, from 
a more clinically relevant point of view, we demonstrated the development of hyperkalemia, especially in infants with a 
previously borderline hyperkalemia.
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Introduction

Preterm infants are often anemic and typically 
experience heavy blood losses from frequent 
laboratory testing in the first few weeks of life. 
Although their anemia is multifactorial, repeated 
blood sampling and reduced erythropoiesis with 
extremely low serum levels of erythropoietin are 
major determining factors.[1-3] Therefore, preterm 
neonates comprise the most heavily transfused 
group of patients, and about 85% of extremely low 
birth weight newborns receive a transfusion by 
the end of their hospital stay.[4,5] Approximately 
one half of all RBC transfusions administered to 
extremely low birth weight (ELBW) infants before 
discharge are given in the first 2 weeks of life, when 
neonatal cardiorespiratory illness is most severe and 
laboratory blood testing is greatest.[6]

When deciding to transfuse, it is important to note 
that despite the advances made in blood transfusion 
practices, complications still exist. Potential risks of 
RBC transfusions include infection, metabolic and 

cardiovascular complications, hypothermia, iron 
overload, and graft-versus-host disease.[7]

Metabolic complications of transfusion therapy 
include citrate toxicity, hyperkalemia, and 
hypothermia. These complications are most 
commonly observed during large-volume infusions.[8]

Sodium citrate is the substance used to prevent 
blood coagulation during blood collection. The liver, 
under normal conditions, can rapidly metabolize 
sodium citrate; however, the metabolic capacity of 
the liver can be exceeded when large volumes of 
blood are transfused. This may result in an increased 
level of citrate and may induce hypocalcemia and 
hypomagnesemia with clinical symptoms such as 
paresthesia, tetany, and arrhythmia.[9]

In addition, during storage, RBCs leak potassium 
into the plasma or additive solution. At their outdate, 
extracellular (plasma) potassium levels in a RBC unit 
approximates 0.05  mEq/ml. This relatively small 
potassium load rarely causes problems in small 
volume transfusions, because of post-transfusion 
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rapid dilution and redistribution into cells. However, rapid infusion 
of large volumes of RBCs into neonates or patients with cardiac, 
hepatic, or renal dysfunction mandates close monitoring.[10,11]

The recent observation in our unit of a life-threatening case 
of hyperkalemia in a preterm infant after RBC transfusion 
(unreported data) stimulated us to review the literature on this 
issue. To our knowledge, only a few studies[12,13] have examined the 
possible adverse metabolic effects of blood transfusion in neonates.

Our goal was to determine the possible relationships between RBC 
transfusions and the onset of adverse metabolic effects in preterm 
infants. In particular, we hypothesized that RBC transfusions 
during the first two weeks of life may induce significant changes 
of blood acid-base, electrolytes, and glucose status in preterm 
infants and that these changes might be dependent on the volume 
of transfused blood.

Materials and Methods

Study design and ethical considerations
We conducted this prospective study in the Neonatal Intensive 

Care unit (NICUs) of Cairo Pediatric University Hospitals, between 
May 2010 and January 2011. The study was approved by the ethical 
committee at Cairo University.

Patients
The study included 40 preterm neonates who were eligible for 

the study according to the following inclusion criteria: (i) preterm 
infants less than or equal to 34 weeks of gestational age; (ii) those 
who were in need for RBCs transfusion during the first two weeks 
of life. We chose the first two weeks because of the increased need 
for transfusion during this period.

Infants who presented with major congenital anomalies, inherited 
metabolic disorders, acute renal failure, systemic hypotension and 
shock were excluded from our study. Furthermore, to evaluate 
the effects of transfusions on PO2 and PCO2, we excluded those 
infants whose FiO2 and/or ventilator settings were changed during 
the transfusion.

Fluid and Electrolyte Intake
The volume of fluids given to our infants during the first week 

of life was started based on the infant’s weight and depended on 
plasma electrolyte concentrations. It was increased in increments 
of 20 to 40 ml/kg/day until they reached 150 ml/kg at the end of 
the first week of life. We added 2 to 4 mmol/kg/day for sodium, 1 
to 2 mmol/kg/day for potassium, and 1.5 to 2.2 mmol/kg/day for 
calcium. Sodium and potassium were given after the first day of life.

Potassium was not added until good urine output was established 
and good renal function was ensured.

Transfusions
(I) Infants underwent transfusion according to the following 
guidelines[14]

1.	 Asymptomatic infants with Hct <21% and reticulocytes 
<100 000/Ul (2%)

2.	 Infants with Hct <31% and one of the following: 
•	 Hood O2 <36% 
•	 Mean airway pressure <6 cm H2O by continuous positive 

airway pressure (CPAP) or intermittent mandatory 

ventilation (IMV)
•	 >9 apneic and bradycardic episodes per 12h or 2/24 h 

requiring bag and mask ventilation while on adequate 
methylxanthine therapy 

•	 HR> 180/min 
•	 RR>80/min sustained for 24 hours 
•	 Weight gain of <10g/d for 4 days on 100 Kcal/kg/d 

3.	 Infants with Hct <36% and requiring >35% O2 or mean airway 
pressure 6 to 8 cm H2O by CPAP or IMV

RBC preparation
All RBC units were fresh (less than 1 week old). Adult RBCs 

which were used for transfusion were stored in citrate phosphate; 
dextrose and adenine anticoagulant preservative (CPDA-1); citric 
acid anhydrous, 0.299  g/l; sodium citrate (dehydrate), 2.63  g/l; 
monophasic sodium phosphate monohydrate, 0.222g/l; dextrose 
monohydrate, 3.19 g/l; adenine, 0.0275 g/l.

Volume of transfused blood
The volume of RBCs needed by each infant was calculated using 

the following formula:[15]

[80 x weight (kg) x (desired Hct-current Hct)/Hct of donor unit]

Patients were classified according to the volume of transfused 
blood into two main groups: Preterm neonates who received RBCs 
volume less than or 20 ml/kg and preterm neonates who received 
RBCs volume more than 20 ml/kg.

Blood transfusion was given through a peripheral vein at the 
infusion rate of 5 ml/kg/hour. All enteral and parenteral feeding 
were withheld during the transfusion.

Baseline data collection
At the time of recruitment into the study, baseline clinical data 

from the medical charts were reviewed regarding birth weight, 
gestational age, prenatal complications, main pathologies, age of 
transfusion, and amount of transfused RBCs.

Laboratory workup
Venous Blood samples of infants were collected 2 to 4 hours 

before and 1 hour after the end of transfusion.

Conventional laboratory blood analyses of pH, blood gases, and 
electrolyte levels (Na+, K+, Ca+2) were performed with benchtop 
analyzers (GEM 3500 PREMIER). In addition, a complete blood 
count was performed to show hemoglobin (Hb) and Hct and blood 
glucose was done using a glucometer.

Every RBC unit was studied for its acid-base status, electrolytes, 
and glucose status as well as its Hb and Hct.

Statistical analysis
The clinical data were described in terms of range, mean ± 

standard deviation (± SD), frequencies (number of cases), and 
percentages when appropriate. Comparison of quantitative 
variables between the study groups was done using Mann Whitney 
U test for independent samples. Comparison between pretreatment 
and post-treatment values was done using paired t test for paired 
(matched) samples. Correlation between various variables was 
done using Pearson moment correlation equation for linear 
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relation. A probability value (P value) less than 0.05 was considered 
statistically significant. All statistical calculations were done using 
computer programs SPSS (Statistical Package for the Social Science; 
SPSS Inc., Chicago, IL, USA) version 15 for Microsoft Windows 
and Stats Direct statistical software version 2.7.2 for MS Windows, 
Stats Direct Ltd., Cheshire, UK.

To better evaluate the potential risk of hyperkalemia after RBC 
transfusion, we calculated the K+ intake (RBC unit [K+] x volume/kg 
transfused RBCs). Moreover, to exclude the potential confounder 
effect of the different concentration of K+ in each donor’s unit, 
simple regression analysis was used also for evaluating the potential 
correlation between Hct of donor units and the concentration of 
K+ in the supernatant and between Hct of donor units and change 
of K+ after transfusion.

We calculated the Ca2+ intake (RBC unit [Ca2+] x volume/kg 
transfused RBCs) and glucose intake (RBC unit [glucose] x volume/
kg transfused RBCs).

We used simple regression analysis to assess the correlation 
between K+, Ca2+, and glucose intake and changes of patient’s 
kalemia, calcemia, and glycemia.

Results

Patients’ characteristics
The present study was conducted on 40 preterm infants with 

a mean gestational age of 30.9 ± 1.9 weeks (range, 26-34 weeks); 
their mean birth weight was 1.366 ± 390 g (range, 750-2 010 g). 
Twenty-two infants were females (55%) and 18 infants were 
males (45%). Most of our studied infants (67.5%) were affected by 
respiratory distress syndrome (RDS), 13 infants (32.5%) had patent 
ductus arteriosus, nine infants (22.5%) had neonatal jaundice, 
three infants (7.5%) had pneumothorax, while three infants (7.5%) 
suffered from neonatal sepsis.

Blood transfusion
According to used guidelines, our patients received a mean 

volume of 20.38 ± 3.2 ml/kg RBCs (range, 10.9 - 26.6 ml/kg) at a 
median age of 9.8 ± 3.6 days.

Chemical analysis of RBC donor units revealed that the mean 
Hb concentration and Hct were 15.001 ± 2.62 g/dl and 48.35 ± 
10%, respectively. The rest of the biochemical profile is reported 
in Table 1. The K+ concentration in the RBC units ranged between 
4 to 30 mmol/l and the associated patient intake of K+ was 0.25 + 
0.12 mmol/kg. There was no significant correlation between the 

Hct of the RBC units and the concentration of K+ in the supernatant 
(P = 0.40) and between Hct of RBC units and patients changes of 
kalemia (P = 0.43).

RBC transfusion effects on studied neonates
RBC transfusion induced a statistically significant increase of 

mean Hb (9.41 ± 1.1 g/dl vs 12.7 ± 0.5 g/dl; P<0.001) and mean 
Hct (29.5 ± 3.3% vs 41.5 ± 2.5%; P<0.001). Regarding the acid-base 
status, RBC transfusion induced a statistically significant increase 
of pH (7.31 ± 0.07 vs 7.39 ± 0.06; P<0.001), pO2 (54.1 ± 17.45 torr 
vs 61.8 ± 21.6 torr; P<0.05) and a statistically significant decrease 
of the pCO2

 (41.46 ± 8.8 torr vs 35.4 ± 9.34 torr; P<0.001).

The serum electrolytes were also affected by the transfusions, 
there was a statistically significant increase of serum K+ (4.48 ± 
1.19 mmol/l vs 5.83 ± 1.37 mmol/l; P<0.001), and a statistically 
significant decrease of Ca+2 (1.33 ± 0.09  mmol/l vs 1.30 ± 
0.09 mmol/l; P<0.001). On the other hand, blood glucose was not 
affected by RBC transfusion [Table 2].

Six (15%) of our infants developed hyperkalemia following the 
RBC transfusion. Three cases were an exacerbation of a previous 
hyperkalemia; the infants had pretransfusion K+ levels of 5.7, 5.8, 
and 6.5 mmol/l, whilst their post-transfusion K+ levels reached 
8.9, 9, and 9.2 mmol/l, respectively. The infants were non-acidotic 
and their associated K+ intake was 0.416, 0.525, and 0.37 mmol/
kg, as they received 18 ml/kg, 23 ml/kg, and 20 ml/kg of packed 
RBCs, respectively.

However, the remaining three infants had no previous 
hyperkalemia; the first infant (30 weeks gestation) received 16 ml/
kg, had a K+ intake of 0.485 mmol/kg and his post-transfusion K+ 
level reached 8.5 mmol/l; the second infant (34 weeks) received 
18 ml/kg, his K+ intake was 0.445 mmol/kg and his K+ level was 
8.8  mmol/kg; the third infant (32 weeks) was on mechanical 

Table 1: The biochemical profile of RBC units
Variable RBC unit mean ± SD (range) (n = 40)
pH 6.90 ± 0.098 (6.50 - 7.07)
pCO2 (torr) 81.0 ± 15.03 (24.1 - 97.9)
pO2 (torr) 42.8 ± 9.07 (24.5 - 58)
HCO-3 (mmol/l) 15.49 ± 3.72 (7.2 - 20.2)
Na+ (mmol/l) 132.6 ± 12.3 (107 -164)
K+ (mmol/l) 14.41 ± 7.85 (4 -30)
Ca+2 (mmol/l) 0.164 ± 0.068 (0.07 - 0.37)
Glucose (mg/dl) 338.7 ± 83.63 (172 - 460)
Hb (g/dl) 15.001 ± 2.62 (10.2 - 20.5)
Hct (%) 48.35 ± 10.17 (24 - 66)

Table 2: Comparison of the biochemical parameters of 
preterm infants before and after RBC transfusion
Variable Before 

transfusion 
mean ± SD 

(range)

After transfusion 
mean ± SD 

(range)

P value

pH 7.31 ± 0.07 
(7.1-7.45)

7.39 ± 0.06 
(7.2-7.59)

0.000*

pCO2 (torr) 41.46 ± 8.82 
(21-60)

35.40 ± 9.34 
(14-54)

0.000*

pO2 (torr) 54.11 ± 17.45 
(31-96)

61.86 ± 21.65 
(32-99)

0.010*

HCO-3 (mmol/l) 19.58 ± 7.32 
(5-38)

20.28 ± 6.48 
(5-34)

0.491

Serum Na+ (mmol/l) 133.33 ± 9.31 
(111-151)

135.50 ± 8.76 
(114-156)

0.185

Serum K+ (mmol/l) 4.48 ± 1.19 
(2.4-6.8)

5.83 ± 1.37 
(3.8-9.5)

0.000*

Serum Ca+2 (mmol/l) 1.33 ± 0.099 
(0.94-1.47)

1.30 ± 0.092 
(0.99-1.43)

0.000*

Blood glucose (mg/dl) 113.17 ± 36.19 
(49-254)

108.925 ± 41.92 
(45-250)

0.443

Hb (g/dl) 9.41 ± 1.17 
(6.2-10.9)

12.7 ± 0.58 
(11.9-13.5)

0.000*

Hct (%) 29.53 ± 3.33 
(22.3-35.2)

41.59 ± 2.75 
(35.2-47.8)

0.000*

*P value is significant <0.05
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ventilation, received 14 ml/kg, his K+ level reached 9 mmol/l and 
his K+ intake was 0.525 mmol/kg.

None of these infants were acidotic, hyperglycemic, or 
hypocalcemic at the time of transfusion, which are the factors that 
might lead to hyperkalemia-associated cardiac arrests; however, 
our infants were treated with intravenous calcium gluconate, 
insulin, and salbutamol until their K+ level was stabilized.

As regards the Ca+2 level, only one 28 gestational week infant 
with a borderline hypocalcemia before transfusion of 0.93 had a 
calcium level of 0.94 after the transfusion.

Simple regression analysis showed a positive relationship 
between the changes of kalemia and K+ intake, (r = 0.99, P = 0.00)  
[Figure 1]. We also demonstrated an inverse relationship between 
the Ca+2 intake mean (0.03±0.001); r (-0.35); P = 0.027 [Figure 2].

The studied infants were divided into 2 groups according to the 
volume of blood transfused. Infants in group 1 (<20 ml/kg) had 
a mean gestational age of 31.1 ± 2.31 weeks and mean weight 
weight of 1416.65 ± 446.1 g, the mean age at transfusion was 9.41 
± 3.84 days, infants in group 2 had a mean gestational age of 30.8 
± 1.71 weeks and a weight of 1329.21 ± 307.34 g and a mean age 
of transfusion of 10.22 ± 3.52 days, with no statistically significant 
difference between these parameters. 

There was no statistical significant difference between the 
frequency of medical morbidities, fluid and electrolyte intake 
between the 2 groups.

By comparing the changes in clinical or biochemical variables 
between the two groups, we observed a statistically significant 
increase in mean Hb and Hct in group 2 more than group 1 and a 
statistically significant decrease in mean serum Ca+2 in group 2 more 
than group 1, i.e., more volume of RBC induced more increase in 
Hb (2.44 ± 0.22 g/dl vs 4 ± 0.62 g/dl; P<0.001) and Hct (9.78 ± 1.96% 
vs 14.01 ± 1.20%; P<0.001) and induced more decrease in Ca+2 
(0.022 ± 0.012 mmol/l vs 0.045 ± 0.019 mmol/l; P<0.001) [Table 3].

Discussion

In this prospective study, we found that packed RBC transfusion 
in preterm neonates was effective in ameliorating their anemia, 
and inducing an increase in their pO2 and pH. However, this was 
associated with a decrease of calcemia and the development of 
hyperkalemia. Moreover, we observed that with increased volume 
of transfusion, there was a significant increase in Hb and Hct and 
a concomitant decrease of calcemia.

In our infants, we found a statistically significant increase of pO2 
and pH after RBC transfusion, suggesting that iatrogenic anemia 
may contribute to the maldistribution of regional blood flow and O2 
delivery in neonates with RDS.[16] This agrees with a previous study 
that suggests that packed RBCs increase regional oxygen delivery 
and tissue surface pH.[17] This was relevant clinically in our study 
when we observed a statistically significant decrease in the heart 
rate of our infants after transfusion, suggesting that this decrease 
in heart rate was most probably explained by the migitation of 
tissue hypoxia and concomitant tachycardia.[18]

Unlike previous studies,[13,19] who found a decrease of glycemia 
following transfusion, we found that there was no change in the 
blood glucose levels in our preterm infants. This was observed 
despite of the high blood glucose in the donor units which 
could lead to a hyperinsulinemia[20] and despite our practice of 
withholding, all enteral and parenteral nutrition during the 
transfusion. This could probably be explained by the short duration 
of withholding of the feeds and the relatively stable blood glucose 
levels during this period.

As regards the level of ionized calcium, our results demonstrated 
a statistically significant decrease in the level of ionized calcium 
after transfusion and this was evident even with the increase in 
the volume of RBCs. Furthermore, we found an inverse correlation 
between the calcium intake and the changes of calcemia. This may 
be due to the low calcium concentration of the donor units and 
due to the chelating action of the citrate.[19]

Although this finding agrees with previous studies,[13,19] done 
during the first week of life, the calcium concentration in our 

Figure 1: Correlation between potassium intake and change of kalemia among 
study cases (r = 0.99, P = 0.00)

Figure 2: Correlation between Ca intake and changes of calcemia among the study 
cases (r-0.35); P = 0.027)
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study remained within the normal range. From a clinical point of 
view, none of our patients exhibited clinical signs of hypocalcemia 
except for one patient with borderline hypocalcemia whose level 
remained unchanged.

In addition, this study was designed to address the concern that 
RBC transfusion may be associated with hyperkalemia. Clinical 
hyperkalemia resulting from RBC transfusion has been recognized 
as a transfusion complication for decades.[20]

We observed that the K+ level after transfusion increased 
significantly from 4.48 ± 1.19 to 5.83 ± 1.37, P value, 0.00. We also 
demonstrated a positive linear relationship between the K+ intake 
and the change in K+ concentration in the overall population. 
However, these results were not apparent when the patients were 
stratified into 2 groups. This was apparent clinically in our study, 
when six patients developed hyperkalemia, three cases with a 
life-threatening hyperkalemia requiring treatment; three of those 
were an exacerbation of a previous hyperkalemia.

Hyperkalemia related to transfusion depends not only on the K+ 
concentration of the RBCs unit but also on the volume and rate 
of RBCs transfusion.[21]

In our study, K+ concentration of our RBCs units, stored in CPDA 
1 blood was quite variable, ranging from 4 to 30 mmol/l, which 
was comparable with the levels found in previous studies.[19,22-24]

Virates has shown that the K+ of RBCs might be due to the age 
and duration of RBCs in the supernatant; K+ is frequently higher 
than normal levels, especially in units at the end of their storage.[25]

As regards the rate of transfusion, it has been determined that 
the ratio of the transfusion rate to venous return, defined as the 
cardiac output plus the transfusion rate, is important in terms of 
potassium concentration and development of hyperkalemia.[26]

Strauss has shown that small volume transfusions (i.e., 15 ml/
kg) of stored red cells out to expiration administered slowly over 
3 to 4 hours usually does not pose a problem in relatively healthy 
infants.[27]

So, when deciding to perform a RBCs transfusion in infants 

with a borderline plasma potassium level, we have to check the 
potassium level of preterm neonates as they might experience a 
further increase of their kalemia. Also, we have to consider this 
effect in infants who are at risk of hyperkalemia (i.e., infants with 
kalemia >5 mmol/l, infants with renal failure) and in calculating 
the remaining daily intake of K+ (the recommended IV intake of K+ 
is 1 to 2 mmol/kg/day[28] for avoiding an iatrogenic hyperkalemia.

Determination of potassium in both RBCs units and patients’ blood 
should be routinely considered. Point-of-care laboratory testing 
may allow for expedited reporting of potassium concentrations to 
providers. Other measures aimed at preventing the transfusion of 
hyperkalemic blood products include the preoperative washing of 
RBC units by transfusion medicine or intraoperative washing of 
RBC units using cell salvage equipment.[29]

The limitations of our study include its small sample size, the 
need to know the exact age of the blood units, the duration of 
the blood transfusion, and the impossibility of measuring exactly 
the overall electrolyte enteral and/or parenteral intake for these 
premature infants.

Conclusion

We found that RBCs transfusions in preterm infants were safe 
and well tolerated. The adverse metabolic effects associated with 
the transfusion were a decrease of calcemia and hyperkalemia. 
However, from a more clinically relevant point of view, we 
demonstrated the development of hyperkalemia, especially in 
infants with a previously borderline hyperkalemia.

Based on our results, we recommend that liberal packed RBC 
guidelines placed for neonates, especially preterms should place 
into account the metabolic derangements that could accompany 
such transfusions. Hence, when deciding to perform a transfusion, 
during the first weeks of life, we should have a check for the serum 
Ca2+ and K+ concentrations prior to transfusion and infants with 
borderline hypocalcemia and hyperkalemia should be monitored 
during the procedure.
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