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ABSTRACT 
 
Introduction: Electrolytes are elements and compounds that occur naturally in the body and control important 
physiological function. Electrolyte disorder occurs when the levels of electrolytes in the body are either too 
high or too low. The causes, severity, treatment, and outcomes can vastly differ depending on the implicated 
electrolyte imbalances. The objective of this study is to comprehend the correlation between sodium and 
potassium levels measured in critically ill patients attending a tertiary care hospital of Nepal. 
 
Method:  This study was a hospital based prospective observational comparative study conducted in the 
Department of General Practice and Emergency Medicine, Bir hospital, Kathmandu, from June 2019 to 
December 2019. After fulfilling inclusion and exclusion criteria a total of 95 patients were included in the 
study. Data were entered and analyzed in SPSS 20. The findings were presented in figures and tables. 
Statistical analysis was done using appropriate formula. Mean, standard deviation and correlation coefficient 
were calculated.  
 
Result: The mean value of arterial sodium was 134.67mmol/L and venous sodium was 135.93mmol/L. The 
mean value of arterial potassium was 4.0mmol/L and venous potassium was 4.19mmol/L. The correlation 
coefficient obtained for sodium was 0.703 and for potassium was 0.436. There was positive correlation of 
arterial sodium and arterial potassium with venous sodium and venous potassium indicating agreement 
between the parameters. 
 
Conclusion: Arterial sodium and arterial potassium can be used instead of venous sodium and venous 
potassium levels in management of critically ill patients. 
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INTRODUCTION 
Electrolytes play an important role in continuation 
of physiological function of human body. 
Electrolytes are important predictor of mortality 
and are routinely measured for all critical 
patients.1 Among the various electrolyte 
disturbances, sodium and potassium imbalances 
are one of the major electrolyte disorders that we 
encounter in our daily clinical practice. 
 
Electrolytes are measured in the clinical 
laboratories in both serum and whole blood 
sample received for arterial blood gas (ABG) 
analysis. Although the routine practice is to 
measure electrolytes in serum, but it takes 
relatively more time due to requirement of 
separation of serum. Emergency and critical care 
physicians prefer measurement of electrolytes 
along with blood gas analysis, which helps them in 
diagnosis and monitoring of electrolyte imbalance 
in a short turnaround time. It can play vital role in 
timely patient management by saving precious 
minutes.2  
 
Since there is no clear consensus on inter 
exchangeability of results of these analyzers as 
studies using different devices have reported 
different results. This study is basically planned to 
find out whether the electrolytes level measured 
using ABG analyzer and from the routine 
laboratory tests are equivalent or not.  
 
Two types of devices that use direct and indirect 
ion-selective electrode (ISE) methods are used in 
hospitals for electrolyte measurements: blood gas 
analyzers (BGA), which use direct ISE technology, 
and the indirect ISE method, which is often used in 
a central-laboratory auto analyzer.3 
 
Budak, et al., showed that the mean sodium 
concentration was 138.1 mmol/L (SD10.2 mmol/L) 
using the ABG and 143.0 mmol/L (SD 10.5) using 
the Auto analyzer (AA) (p < 0.001). The mean 
potassium level was 3.5 mmol/L (SD 0.9 mmol/L) 
using the ABG and 3.7 mmol/L (SD 1.0 mmol/L) 
using the AA (p < 0.001). The extent of inter-
analyzer agreement was unacceptable for both K+ 
and Na+, with biases of 0.150-0.352 and −0.97-
10.05 respectively; the associated correlation 
coefficients were 0.88 and 0.90. Thus, they 
concluded that the ABG and Auto analyzer do not 
yield equivalent Na+ and K+ data.4 
 
A study conducted in Apollo Hospital, India, where 
a total of 200 paired samples were analyzed. The 
mean ABG sodium value was 131.28 (SD 7.33), and 
the mean AA sodium value was 136.45 (SD 6.50) 

(p<0.001). The mean ABG potassium value was 
3.74 (SD 1.92), and the mean AA potassium value 
was 3.896 (SD 1.848) (p=0.2679). Thus, the authors 
found no significant difference between the 
potassium values measured by the blood gas 
machine and the auto-analyzer. However, the 
difference between the measured sodium was 
found to be significant. They therefore concluded 
that trusting the potassium values obtained from 
the arterial blood gas analysis can make critical 
decisions.5 
 
In one retrospective study conducted on 2014, two 
hundred and six samples were obtained from 
intensive care unit patients of Pondicherry 
Institute of Medical Sciences were included. Out of 
the 206 samples, 126 were from male patients and 
80 were from female patients. The mean value of 
arterial sodium was 134 and venous sodium was 
137. The mean value of arterial potassium was 3.6 
and venous potassium was 4.1. The correlation 
coefficient obtained for sodium was 0.787 and for 
potassium was 0.701. There was positive 
correlation of arterial sodium and arterial 
potassium with venous sodium and venous 
potassium indicating agreement between the 
parameters.6 
 
METHOD 
It is a hospital based prospective, observational 
comparative study done in Bir Hospital, 
Mahabouddha, Kathmandu. The duration of study 
was 6 months. After ethical clearance from 
Institutional Review Board, National Academy of 
Medical Sciences (NAMS), data were collected in 
department of General Practice and Emergency 
Medicine and ICU from June 2019 to December 
2019. Critically ill patients who visited emergency 
department and ICU, were included in the study, 
excluding patients who have been treated already 
for electrolyte imbalance, patient not willing to 
provide consent, patients below 14 yrs. of age and 
patient not requiring ABG. Pro-forma was 
prepared to include demographic data of the 
participants, laboratory results, and arterial blood 
gas analysis reports of electrolytes and associated 
disease conditions. 
 
Validity of the tool was maintained through 
rigorous literature review. Reliability of the tool 
was maintained by performing pretest among 5 
participants and making essential changes 
according to the finding of pretest if any required. 
Simple random sampling method was used and 
the sample size (n) calculated was 95. 
 



 
 

 

ORIGINAL ARTICLE:  PRAMILA BHUSAL – CORRELATION BETWEEN ARTERIAL  AND VENOUS SODIUM AND 
POTASSIUM 

3  Journal of General Practice and Emergency Medicine of Nepal. Issue 14: 2022. Available at: www.jgpeman.com, eISSN: 2363-1168 

 

Data was collected via the pro-forma. Blood 
samples for ABG analysis and routine laboratory 
studies were obtained simultaneously. The serum 
samples were obtained by withdrawing 3ml of 
venous blood in plain vacutainer under aseptic 
condition. Both the arterial and venous samples 
were obtained simultaneously with minimal 
interruption in between. The arterial sample 
electrolytes were measured from serum by auto-
analyzer available in central laboratories of Bir 
hospital and the sample used for ABG were 
heparinized whole blood and was sent to ICU 
(ABL80 Flex BGA) for analysis. ABL 80 Flex Blood 
gas analyzer uses direct selective electrode 
whereas auto analyzer uses indirect ion-selective 
electrode technology. ABL80 blood gas analyzer is 
portable, easy-to-use for low volume settings. 
 
The reliability and validity of the data was 
maintained by entering the data in the SPSS 
software version 20.0. Data analysis was done 
using Statistical Package for Social Sciences (SPSS) 
version 20.0. All quantitative parameters were 
described through descriptive statistics mean, 
median, mode and standard deviation. P value less 
than 0.001 was considered as significant. Arterial 
sodium was correlated with venous sodium and 
arterial potassium was correlated with venous 
potassium by Pearson correlation. Scatter plot was 
employed to represent arterial and venous sodium 
and potassium. 
 
Declaration 
The study started after getting approval of the 
research protocol from the Institutional Review 
Board of NAMS and Institutional Review 
Committee of Bir Hospital. Written informed 
consent was taken from all the patients enrolled in 
the study. No forceful participation was induced. 
Privacy and confidentiality of each case was 

maintained during and after the study. The 
patients were ensured that the information given 
by them will be used only for study purpose and it 
would not be disclosed anywhere. There was no 
added cost to the patient. There were no risks or 
benefits involved for the participants.  
 
RESULT 
During the study period, a total of 95 cases were 
taken as the study group. All participants had 
undergone series of investigation including 
baseline investigations and arterial blood gas 
analysis. 
 
Age and sex distribution 
Of the total 95 cases majority of patients 
maximum i.e  (32.63%) were in the age group 61 
to 75 years .In the study, patient’s age group from 
15 to 90years were taken (Fig. 1). The mean age 
was 59.35 with standard deviation of 17.889. 
 
Of the total 95 cases 52.63% were male and 
47.37% were female (Fig 2) 
 
The mean for ABG sodium and serum sodium was 
134.67 and 135.93 respectively. (Table 1) 
 
The mean for ABG potassium and serum 
potassium was 4.00 and 4.19 respectively. (Table 
2) 
 
Most common electrolyte imbalance was found to 
be hyponatremia in general accounting for 46.3% 
and 37.9 percent out of total participants both in 
ABG analysis and venous samples respectively and 
the second common electrolyte imbalance was 
hypokalemia accounting for 22.1% and 14.7% in 
arterial and venous samples respectively. (Table 3 
and 4) 
 

 

                

Figure 1. Age distribution      Figure 2. Gender distribution 
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Table 1. Sodium versus serum sodium 
Number of samples 95 
Mean for ABG sodium 134.67 
Standard deviation for ABG sodium 8.10995 
Mean for Serum sodium 135.9337 
Standard deviation for Serum sodium 7.84319 

 
Table 2. ABG potassium versus serum potassium 

Number of samples 95 
Mean for ABG potassium 4.0053 
Standard deviation for ABG potassium 0.80391 
Mean for Serum potassium 4.1907 
Standard deviation for Serum potassium 0.78107 

 
Table 3. Percentage of electrolyte imbalances from arterial sample 

Electrolytes No. of cases Percentage % 
Hypernatremia 5 5.3 
Hyponatremia 44 46.3 
Hyperkalemia 9 9.5 
Hypokalemia 21 22.1 

 
Table 4. Percentage of electrolyte imbalance from venous sample 

Electrolytes No. of cases Percentage % 
Hypernatremia 5 5.3 
Hyponatremia 36 37.9 
Hyperkalemia 11 11.6 
Hypokalemia 14 14.7 

 
Table 5. Mean values of arterial and venous sodium and potassium 

Parameter Mean values Minimum value Maximum value 
Arterial sodium 134.67 109.2 153 
Venous sodium 135.93 110 160 
Arterial potassium 4.0053 1.97 6.63 
Venous potassium 4.1907 1.20 6.0 

 
 

 
Figure 3. Scattered graph plotted to show correlation between ABG sodium and serum sodium 
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Table 6. Correlation observed between Serum sodium and ABG sodium 
Group  ABG Na Serum Na 

ABG Na 
Pearson Correlation 1 .703** 

Sig. (2-tailed)  .000 
N 95 95 

Serum Na 
Pearson Correlation .703** 1 

Sig. (2-tailed) .000  
N 95 95 

**. Correlation is significant at the 0.01 level (2-tailed). (Figure: 3) (Table 6)  
 

 
Figure 4. Scattered graph plotted to show correlation between ABG potassium and Serum potassium 
 
Table 7. Correlation observed between serum potassium and ABG potassium 

Group  ABG K Serum K 

ABG potassium 

Pearson Correlation 1 .436** 
Sig. (2-tailed)  .000 

N 95 95 

Serum potassium 
Pearson Correlation .436** 1 

Sig. (2-tailed) .000  
N 95 95 

**. Correlation is significant at the 0.01 level (2-tailed). (Figure: 4) (Table 7) 
 
DISCUSSION 
Critical illness patients require more frequent 
monitoring of laboratory values especially 
electrolytes. Point-of-care (POC) analyzers are 
regularly used by physicians and medical staff in 
the area of critical care and emergency medicine 
due to several advantages such as rapid processing 
times and lower costs.7 Despite many benefits, 
there is frequently uncertainty regarding the 
comparability and validity with central laboratory 
tests. 
 
In a study conducted in ICU patients of 
Pondicherry Institute of Medical Sciences, the 
mean arterial sodium was 134 and the mean 

venous sodium was 137. The mean arterial 
potassium was 3.6 and the mean venous 
potassium was 4.1. The correlation coefficient for 
sodium was 0.787 and the correlation coefficient 
for potassium was 0.701. There was positive 
correlation of arterial sodium and arterial 
potassium with venous sodium and venous 
potassium. 
 
In our study, the mean value of arterial sodium 
was 134.67mmol/L and venous sodium was 
135.93mmol/L. The mean value of arterial 
potassium was 4.0mmol/L and venous potassium 
was 4.19mmol/L (Table 5).  
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S Rajavi, et al., observed higher levels of sodium 
and potassium in serum when compared to 
sodium and potassium in arterial blood. These 
lower arterial values could be explained by dilution 
effect of heparin since arterial samples are 
collected in heparinized containers.8 
 
Similar to the above studies, slightly higher values 
in venous samples results when compared to the 
arterial sodium and potassium values may be 
explained by the dilution effect of heparin in case 
of arterial samples. 
 
Jain, et al., found no significant difference 
between the potassium values measured by blood 
gas machine and auto-analyzer, however; the 
difference between the measured sodium was 
significant. According to Jain A et al., the cause for 
lower values of electrolytes in arterial blood is 
because of binding of heparin to electrolytes.5 
 
Abdullah, et al., concluded that though the 
correlation between serum and arterial 
electrolytes was significant however, related to 
time it was weakly negative. They concluded that 
critical decisions can be made by considering 
values obtained through both ABG and Serum 
levels of the electrolytes.9 
 
The use of different syringes or tubes containing 
the anticoagulant in sample preparations may be 
responsible for the pre analytical bias of the 
measured electrolytes in the ABG device.10 
Dilution of the plasma volume of the sample with 
the use of conventional syringes washed with 
liquid heparin may cause the actual value of the 
BGA electrolytes to be lower. In addition, heparin 
itself binds positively charged ions and lowers the 
value of the electrolytes measured.11 
 
According to Chacko B et al., the reasons for such 
differences between the arterial and serum 
electrolytes could be attributed to difference in 
sample, whole blood and serum, difference in the 
type of electrode used and difference in the use of 
calibrators.12 
 
In a study conducted in Emergency department of 
Uludag University, which included 996 patients 
with electrolyte imbalance, sodium disorder was 
found to be the most common electrolyte 
imbalance accounting for 65% of the cases among 
which 60 % had hyponatremia.13 
 
Like the above study, most common electrolyte 
imbalance was found to be hyponatremia in 
general accounting for 46.3% and 37.9 percent out 

of total participants both in ABG analysis and 
venous samples respectively. And the second 
common electrolyte imbalance was hypokalemia 
accounting for 22.1% and 14.7% in arterial and 
venous samples respectively in my study. 
 
Shilpi Awasthi, et al., observed that there was a 
strong correlation between the arterial sodium 
and potassium and venous sodium and potassium 
which were like the findings of the present study.14 
 
In this study, the minimal sodium level in ABG and 
serum was found to be 109.2 and 110 respectively. 
And the minimum level of potassium in ABG and 
serum was 1.97 and 1.2 respectively. The 
maximum value of sodium in ABG and Serum was 
153 and 160 respectively and of potassium in ABG 
and serum was 6.63 and 6.0 respectively. 
 
Mestric Z et al., observed that electrolytes 
measured in whole blood by point of care analyser 
were comparable to electrolytes measured in 
plasma or venous serum samples, as similar to our 
study. The mean sodium level measured by ABG 
was 136.1±6.3 mmol/L and 137.8±5.4 mmol/L for 
AA (p=0.001). The Pearson’s correlation coefficient 
was 0.561 (p<0.001) showing a positive correlation 
between the values obtained.15 
 
In our study, the mean value of arterial sodium 
was 134.67mmol/L and venous sodium was 
135.93mmol/L. The mean value of arterial 
potassium was 4.0mmol/L and venous potassium 
was 4.19mmol/L. The correlation coefficient 
obtained for sodium was 0.703 and for potassium 
was 0.436. The correlation between the two 
methods of analysis arterial and venous blood 
analysis results were positive with p value of less 
than 0.001 indicating agreement between the 
parameters (Table 6 and 7; Fig. 3 and 4). 
 
Thus, in this study a positive correlation was seen 
as seen in many of the above-mentioned studies 
suggesting the interchangeability of the sodium 
and potassium levels from ABG and autoanalyzer 
in the management of critically ill patients in 
Emergency and Intensive care units. This study is a 
single centered study of short duration so further 
studies are needed. 
 
CONCLUSION 
Sodium and potassium analyzed in ABG analyzer is 
comparable to the sodium and potassium levels 
measured in electrolyte analyzer. Arterial sodium 
and arterial potassium can be used instead of 
venous sodium and venous potassium levels in 
management of critically ill patients. 
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In view of the positive correlation between the 
values of sodium and potassium in both the ABG 
and Serum samples and the time difference, being 
insignificant, we conclude that critical decisions 
can be made for clinical decision-making in 
trusting the values obtained through both ABG and 
Serum levels of the electrolytes.  
 
Further research is needed to establish their 
accuracy in other parameters. 
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