
Introduction
In the intensive care unit (ICU), according to the 
patient's condition, it is often necessary to perform 
investigations quickly and do management of the 
patients according to investigations. Electrolytes 
are measured in arterial and venous blood by 
arterial blood gas analyzer and the auto-analyzers 
respectively. In the intensive care unit, according 
to the patient's condition often it is necessary to 
monitor biochemically with indicative laboratory 
investigation and prompt management. The point-
of-care tests (POC), also called patient's bedside 
tests,. Conventionally, these tests were performed 

1in the main laboratory of the hospital.  With the 
advancement in technology, The point-of-care 
tests (POC ), vibrant work in advancement; the 
analyzers are convenient, smaller, quicker, and 
more friendly user and have been established to 
obtain precision with ever-smaller blood samples, 

1-3aiding in blood conservation.
Point-of-care ( POC) testing helps the clinicians to 
start appropriate management for evolving state of 
affairs of the patients, thereby this would be 
beneficial both clinically and economically for the 
patient. Electrolyte values are measured for all 
critically ill patients in pediatrics emergency 
department and also for patients given fluid therapy 

4
or patients admitted in pediatric intensive care units.
Serum electrolytes measurement in the main central 
Laboratory of the hospital is technically more 
difficult and extensive. A large number of serious 
patients are received in emergency centers of tertiary. 
Hospitals, serum electrolytes are measured by ABGs 

5analyzers, because it is easier and quicker.  A study 
found that the difference between ABGs and 
laboratory serum value of sodium was found to be -
4±5.6mmol/l and for potassium, -1±0 mmol/l 
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Abstract

Background: Electrolytes are measured in arterial and venous blood by arterial blood gas analyzer and the auto-
analyzers respectively. 
Objective: To determine the mean difference in electrolyte level in arterial blood gases (ABGs) level versus 
laboratory serum electrolyte level in the children admitted in the pediatric intensive care unit.
Methodology: This cross-sectional study was conducted at department of Pediatrics, the Children's Hospital and 
Institute of Child Health, Lahore from 1st December 2015 to 31st May 2016. Total of 125 children fulfilling inclusion 
criteria were enrolled in the study from pediatric intensive care unit. The ABGs (whole blood) electrolytes were 
obtained immediately after collection, using ABGs analyzer. Serum electrolytes were analyzed in the central 
laboratory of the institution. Reports were assessed and levels of sodium and potassium was noted from reports of 
ABGs and laboratory.

+ +
Results: Mean NA  value on ABGs and from laboratory was 134.66 and 132.26 (p= 0.01). Mean K  value from on 

+ABGs and from laboratory was 4.51 and 4.28. (p= 0.071). In age group 1-5 and 6-10 years, K  level was high in ABGs 
+ value (p-value=0.065 & p-value=0.073). However, in age group 11-15 years K  level was significantly higher in 

ABGs value as that of laboratory value (p-value=0.014). The same trend was observed in male and female children 
+ + that mean NA  and K  value with ABGs was significantly higher as compared to that of laboratory value. 

+ + 
Conclusion: NA  and K  in arterial blood gases level were different from laboratory serum electrolyte level in 
children admitted to pediatric intensive care unit. Clinician should be aware of differences so that potential 
misdiagnosis does not occur and unnecessary treatment or investigation can't be performed.
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(n=35). The difference between ABGs and 
laboratory serum levels for both electrolytes was 
significant (p<0.05) and ABGs showed fewer 

6
values as compared to laboratory serum levels.  
Another study found that the difference between 
ABGs and laboratory serum value of sodium was -
4.1±0.3 mmol/l and for potassium, -0.3±0.2 
mmol/l (n=44). The difference between ABGs and 
laboratory serum levels for both electrolytes was 
significant (p<0.05) and ABGs showed fewer 

7
values as compared to laboratory serum levels.
S e r u m  e v a l u a t i o n  t h r o u g h  l a b o r a t o r y 
investigations is costly and requires time much 
more than investigations through ABGs. Studies 
have shown that there is a difference in levels 
measured through both methods. But above 
studies were conducted on a small sample size. We 
conducted this study on a large sample size to get 
more reliable results. This will help to improve our 
practice and we will be able to implement the use 
of the best diagnostic method which will be more 
cost and time-effective. The objective of this study 
was to compare the difference in electrolyte level 
in arterial blood gases level versus laboratory 
serum electrolyte level in children admitted to the 
pediatric intensive care unit.

Methodology 
This cross-sectional study was conducted at the 
department of Pediatrics, the Children's Hospital 
and Institute of Child Health, Lahore, over a 

st st
period of 6 months from 1  December 2015 to 31  
May 2016. A total sample of 125 children non-
probability, consecutive sampling with 95% 
confidence level, d=1 of test and taking the 
magnitude of mean difference of sodium level i.e. 
4±5.6mmol/l in ABGs level and fulfilling 
inclusion criteria, were enrolled in the study from 
pediatric intensive care unit. Informed consent 
was obtained from parents. Children of age range 
1 year to 15 years of either gender admitted to 
Pediatric intensive unit for hypotension, diabetic 
ketoacidosis, kidney dysfunction. Patients were 
grouped in different ages i.e. 1 to 5 years, 6 to 10 
years, and 11 to 15 years. Children with severe 
dehydration (>7% of the difference between the 
current body weight and the immediate pre-
morbid weight) and children with severe 
malnutrition (-2sd from normal value for specific 
age as per who criteria) were excluded. 

Demographic profile was also noted. Children were 
admitted in PICU. After aseptic techniques, a venous 
blood sample (2cc) and arterial blood sample (1cc) 
was obtained from the radial or brachial artery 
(preferably radial), using a 24 gauge needle. The 
ABGs electrolytes were obtained immediately after 
sample collection, using ABGs analyzer. Serum 
electrolytes were analyzed in the main laboratory of 
the institution. Reports were assessed and levels of 
sodium and potassium were noted from reports of 
ABGs and laboratory. The difference was calculated. 
Data was entered and analyzed by SPSS V-20.  
Quantitative variables like age and electrolyte level 
by ABGs, serum electrolyte, and the difference was 
calculated as mean and standard deviation. 
Qualitative variables like gender were calculated as 
frequency and percentage. The difference between 
mean electrolyte levels (sodium and potassium 
levels) was calculated by subtracting laboratory 
values from ABGs. Data was stratified for age, 
gender to deal with effect modifiers.  Post-
stratification, t-test was applied. P-value ≤0.05 was 
taken as significant.

Results
The mean age of children included in this study was 
6.72±4.02 years. Range was from 1 to 15 years. 
Gender distribution of children showed that there 
were 63(50.40%) males and 62(49.60%) females. 

The mean Na+
(male and female ratio).  value from ABGs 
and from the laboratory was 134.66±8.577 and 
132.26±8.70. The mean difference in both these 

+values was 2.40±1.55. However NA  values 
obtained from ABGs were higher than that of 

+laboratory values  (p=0.016).  The mean K  value 
from ABGs and from laboratory was 4.51±0.90 and 
4.28±0.93. The mean difference in both these values 

+ 
was 0.230±0.16. However K values obtained from 
ABGs were higher than that of laboratory values.

+  + Table-I: Statistics for sodium Na and K by ABG 
         

and Laboratory methods

Children in age group 1-5 years among them mean  
+NA  value from ABGs was higher but not 

statistically significant (p-value 0.064), while in age 
group 6-10 years and 11-15 years it was significantly 
higher, i-e P-value (6-10 years) = 0.016 & p-value 
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Electrolytes ABG's Value  

Laboratory 
value  

Differe
nce 

p-value 

Na+ 134.66 ±8.57  132.26 ±8.7  2.40  0.016  
K+ 4.512±0.9  4.282±0.93  0.230  0.073  



(11- 15 years) = 0.008. Among male and female 
+

children the value of NA  was significantly higher 
from ABGs as compared to that of values of Na+ 
checked in lab, i.e. P-value (male)=0.032 & p-
value (female)=0.026. (Table-II)

+Table-II: Descriptive Statistics for Sodium Na  
in relation to Age and Sex of Children

Children in age group 1-5 years and 6-10 years 
+ among them mean K  value from ABGs was 

higher but not statistically significant p-value (1-5 
years)=0.065, p-value (6-10 years) =0.073. 
However,  in the age group 11-15 years it was 
significantly higher, i.e. P-value (11-15 years) 

+ =0.014. Among male children, the value of K  was 
significantly higher from ABGs as compared to 

+that of values of NA  checked in the laboratory. 
+ 

However among female children value of K was 
higher but not significant from ABGs i.e. P-value 
(male) =0.029 & p-value (female)=0.071.    
(Table-III)

Table-III: Descriptive statistics for Potassium 
+

K  in relation to Age  and Sex of Children

Discussion
Skin, a homeostatic and protective organ in its 
Electrolyte abnormalities can be fatal. Quick and 
p r e c i s e  m e a s u r e m e n t s  o f  e l e c t r o l y t e 

derangements make the possibility of targeted 
therapies the institution. The quickness of such 
measurement, particularly in underdeveloped 
countries, is often delayed in the transport of samples 
to the main laboratory of the institution, either due to 
the inadequate numbers of human resources or the 

7lack of quick transportation systems.  There are 
usually results in longer time duration usually longer 
than one hour may be up to 2 hours to obtain serum 
electrolytes in main central laboratories of hospitals. 
These delays in serum measurements have major 
impact on patient's prognosis. The point-of-care tests 
have been used in the intensive care units also in the 
emergency department that make the possibility of  
rapid assessment of  ABGs and electrolyte  

8,9abnormalities.
+In this study mean Na  value on ABGs and from the 

laboratory was 134.66 and 132.26. The mean 
difference in both these values was 2.40. The mean 

+K  value from on ABGs and from the laboratory was 
4.512 and 4.282. The mean difference in both these 
values was 0.230. Both these electrolytes were seen 
in relation to the age and gender of children. Except 
age group 1-5 years statistically significant 

+
difference was seen for Na  in other two age groups 
i.e. 6-10 (p-value=0.016) and 11-15 years (p-
value=0.008) respectively.
The same trend was observed in male and female 

+ + 
children that mean Na  and K  (except female) value 
with ABGs was significantly higher as compared to 

+that of laboratory value. (Na  level) male:  [ABGs:  
134.76 vs. Laboratory value: 132.30, p-value=0.032] 
female: [ABGs: 134.55 vs. Laboratory value: 

+ 132.21, p-value=0.026]. (K  level) male:  [ABGs:  
4.58 vs. Laboratory value: 4.34, p-value=0.029] 
female: [ABGs : 4.43 vs. Laboratory value: 4.21, p-
value=0.071].

6Razavi, s. Et al,  compared sodium and potassium 
concentrations between serum from venous blood 
and plasma from arterial blood. As per his findings 

+
mean serum concentrations of sodium (NA   

+ 
v=137.1±5.5) and potassium (K   v=4.1±0.7) were 

+
higher than plasma concentrations of sodium (NA   

+ 
a=133.1±11.1); p<0.02 and potassium (K   v 

6
=3.1±0.7); p<0.001 respectively.  The same findings 
were seen in our study as that reported by Razavi, S, 

+ +
et al. Mean Na  and K  values from arterial blood 
gases on ABGs were higher than that of the 
laboratory values.

10Maher Khader et al,  determine whether the levels of 
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Na+
 

Level
 

1-5 Years
 

6-10 Years
 

11-15 Years
 

ABG's Value  135.21±8.76  133.18±8.94  135.93±7.51 
Laboratory 
value  

133.13±9.04  130.45±8.96  133.43±7.39 

Difference  2.08±1.45  2.73±1.60  2.50±1.57 
p-value  0.0658  0.016  0.008  
Na+  Level  Male  Female   
ABG's Value  134.76±9.05  134.55±8.13   
Laboratory 
value  

132.30±9.06  132.21±8.40   

Difference  2.46±1.64  2.34±1.45   
p-value  0.032  0.026   

 

 K+ Level 1-5 Years 6-10 Years 11-15 Years 
ABG's Value 4.45±0.92 4.56±0.93 4.54±0.84 

Laboratory value 4.23±0.96 4.35±0.92 4.27±0.89 

Difference 0.22±0.16 0.21±0.15 0.27±0.17 

p-value 0.065 0.073 0.014 

K+ Level Male Female  

ABG's Value 4.58±0.85 4.43±0.95  

Laboratory value 4.34±0.88 4.21±0.97  

Difference 0.235±0.16 0.22±0.16  

p-value 0.029 0.071  



blood electrolytes assessed using a blood gas 
analyzer and central laboratory auto-analyzer are 
equivalent. As per his findings, sodium and 
potassium levels measured by blood gas analyzer 
and auto-analyzer were significantly different. 
The mean level of sodium and potassium 
measured by the blood gas analyzer was 
significantly higher than in the auto-analyzer 

+
(Na :141.4±7.3 & and 137.7±5.6 respectively; 

+ 
p˂0.001) (K  3.2 ± 0.8 & 4.2 ± 0.7; p˂0.001).48 
his results also support the results of our study as 

+ + the mean value of Na  and K  were higher in 
arterial blood gases assessed on ABGs as 

9,10 compared to that o laboratory values. As per 
findings of Alnazi, A, et al, critical decisions can 
be made according to values obtained through 
both ABGs and serum levels of the electrolytes as 

11there is no gross difference between them.
Nanda, SK et al, concluded that sodium and 
potassium analyzed in point of care ABGs 
analyzer is comparable to the sodium and 
potassium levels measured in electrolyte analyzer 
and ABGs electrolytes can be used as a 
replacement to electrolytes measured in 
electrolyte analyzer. (mean arterial sodium: 134 & 
mean venous sodium 137, mean arterial 

12
potassium: 3.6 & mean venous potassium: 4.1).

7
In a study by Chacko, B,  et al, there is a clinically 
major differentiation between electrolytes 
measured by serum samples at the main laboratory 
of the hospital and value obtained from blood 
samples measured at the point of care.
Our study is comparable with other studies which 
found significantly different results for serum 
sodium and potassium values obtained using two 

13-15different types of measurements.  some of the 
authors determined a correction factor to reduce 
the different results between the two analyzer 
machines by making compensation at an average 

16-18
level.  On contrary to the current study, Jain A, 

4
et al,   found there is no gross difference between 
electrolytes measured by ABGs analyzers and 
serum auto analyzers.  They concluded in their 
study that prompt decisions can be made 
according to the potassium level obtain from the 

14
ABGs analysis.
The significant differences and poor correlation 
between sodium and potassium values measured 
by blood glucose analyzer and auto analyzer may 
be attributed to several factors, including the type 

of sample used (whole blood vs.  Serum), preanalytic 
dilution of serum samples with fixed volume diluents 
(indirect vs. Direct electrodes), and variations in 

18-20
calibration of the machine.  Another factor that 
contributes is the dilution of the sample by using 
heparin that is used in syringes. Experts have 
theoretically considered that heparin diluted samples 

21,22
have a lower level of electrolytes.  All these factors 
may vary from place to place i.e. instrument type, 
calibration of the machine. It is essential that each 
center conduct its own study and derives a correct 
factor that may be applied if different methods of 
assessment are used. The difference in serum and 
whole blood electrolytes results is because of the 
different contributory factors such as type of samples 
(whole blood vs. Serum), variation in the calibration 
of the machine as well as serum sample dilution. By 
using a correction factor Variations as a result of 
these factors can be compensated.
Application of a correction factor is commonly used 
now a day. According to the international federation 
of clinical chemistry (IFCC) constant conversion 
factor (of 1.11) between blood and plasma glucose to 
provide “harmonized results”, that facilitate the 
classification and patients care and leading to lesser 
therapeutic errors, however, the correction factor for 
electrolytes may need to be generated for each center. 

Conclusion
+ + 

The serum electrolytes Na  and K values from 
arterial blood gases level were different from 
laboratory serum electrolyte level in children 
admitted to a pediatric intensive care unit. Therefore 
the data can't be used in clinical practice. The 
clinician should be aware of differences so that 
potential misdiagnosis does not occur and 
unnecessary treatment or investigation can't be 
performed.
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