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INTRODUCTION 

Electrolytes play a crucial role in maintaining 

physiological functions in the human body. They play vital 

roles in the regulation of cell membrane potential, the 

steady process of neurohormonal pathways, energy 

transformation, fluid and acid-base balance in the body. 

Signs and symptoms of electrolyte disorders may be 

nonspecific in intensive care unit (ICU) patients.1-3 They 

are vital for normal growth, development, and 

maintenance of health.4 Treatments aimed at supporting 

vital organ function can alter the electrolyte balance. As a 

result, electrolyte disturbances are observed more 

frequently in critically ill patients compared to those who 

are not critically ill, with an estimated occurrence of about 

25% among ICU patients. Recent research further supports 
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ABSTRACT 

Background: Electrolyte disturbances are common in critically ill patients and can significantly influence morbidity 

and mortality. Prompt detection is essential; however, serum electrolyte estimation using automated analyzers (AA) in 

central laboratories often suffers from delayed turnaround times. Point-of-care (POC) arterial blood gas (ABG) 

analyzers provide rapid results; however, their reliability compared to that of conventional autoanalyzers remains 

uncertain. This study aimed to evaluate the agreement between sodium and potassium levels measured in arterial and 

venous samples using the GEM 3500 (ABG) and Vitros 5600 (AA) analyzer, respectively. 
Methods: A retrospective study was conducted on 200 intensive care unit (ICU) patients in a secondary healthcare 

hospital between January and June 2024. The electrolytes were reported from both arterial and venous blood samples 

sent to the clinical biochemistry laboratory on the same day and at the same time. GEM 3500 and Vitros 5600 analyzers 

are used, respectively. Both methods use the direct ISE method. Statistical analyses included the Wilcoxon signed-rank 

test, Spearman’s correlation, and Bland-Altman plots to assess correlation and agreement.  
Results: The mean and standard deviation of sodium values (136.33±9.22 mmol/l in venous and 135.23±9.57 mmol/l 

in arterial blood) and potassium values (4.20±1.01 mmol/l and 4.01±0.97 mmol/l) were observed. The differences were 

statistically significant (p<0.001). Spearman’s correlation showed strong positive relationships (r=0.819 for sodium; 

r=0.844 for potassium, p<0.001). Bland-Altman analysis demonstrated that 97.5% of the sodium and 93.5% of the 

potassium values fell within the limits of agreement, suggesting good concordance. 
Conclusions: Sodium and potassium measurements obtained from arterial samples using the ABG analyzer can be used 

interchangeably with serum values derived from venous samples analyzed on an automated chemistry analyzer for the 

management of critically ill patients. 
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this finding.5-7 Serum sodium and potassium levels were 

significant predictors of mortality in ICU patients. 

Therefore, prompt and complete correction of electrolyte 

disorders in ICU patients is vitally important. Under these 

circumstances, the importance of obtaining serum 

electrolyte levels as early as possible is obvious. In routine 

applications, serum electrolytes are measured using the 

indirect ion-sensing (ISE) method with auto-analyzers 

(AA) located in the central laboratories of hospitals. In this 

method of analysis, the turnaround time is prolonged 

because of delays in transporting samples to the central 

laboratory for various reasons. Therefore, point-of-care 

(POCT) testing tools, such as arterial blood gas (ABG) 

analyzers, are now widely used in the routine evaluation of 

ICU patients. These analyzers utilize the direct ISE 

method and deliver results quickly, enabling physicians to 

make faster treatment decisions.8,9 The United States 

Clinical Laboratory Improvement Amendments (US 

CLIA) accepts a 0.5 mmol/l difference in the measured 

potassium levels and a 4 mmol/l difference in the measured 

sodium levels in the gold standard measure of the standard 

calibration solution.10 In some recent studies, the data 

revealed the difference in the electrolyte levels between 

the ABG and AA results.11,12 

The limitation of electrolyte measurement in serum is the 

delayed turnaround time, which is approximately 20 to 30 

minutes. To overcome the limitation of serum electrolyte 

measurement in electrolyte analyzers, point-of-care 

arterial blood gas analyzers can be used to measure 

electrolytes in arterial blood, where results are available 

within 5 min, thus decreasing the turnaround time.11,13 

Despite the advantage of a rapid turnaround time with 

point-of-care testing (POCT), which may translate to 

prompt decision-making, concerns have been raised 

regarding its accuracy.14 Several studies have documented 

significant discrepancies in sodium and chloride 

concentrations when measured using POCT devices, and 

additional reports have highlighted notable variations in 

potassium levels. These inconsistencies suggest that the 

results obtained from different analyzers may not always 

be directly interchangeable. Furthermore, the absence of a 

clear consensus in the literature stems from the fact that 

studies conducted with different devices and 

methodologies have yielded different outcomes. This lack 

of uniformity underscores the importance of validating the 

concordance of electrolyte values measured by arterial 

blood gas (ABG) analyzers and conventional serum 

sample testing within each hospital setting. As factors such 

as analyzer type, calibration technique, and laboratory 

protocols can differ widely, local verification is essential 

to ensure reliability, accuracy, and clinical confidence in 

patient management. Physicians want to trust the veracity 

of ABG results for electrolytes such as sodium and 

potassium because, by this method, the delay in reaching 

the results is minimized, and the risks arising from this 

delay may be reduced. However, the results of these 

studies are confusing and still pose a diagnostic challenge 

for physicians. Because of the physicians’ hesitation, we 

investigated whether the sodium and potassium levels 

measured using ABG and AA were equivalent.  

This study was thus undertaken to assess the correlation of 

electrolytes between arterial and venous samples measured 

by the ABG analyzer (arterial blood) and the automated 

analyzer (venous blood) of patients in whom samples were 

collected simultaneously for both tests. In most studies, 

serum electrolytes are usually measured by indirect ISE, 

but the Vitros 5600 uses direct ISE for venous samples. 

This direct comparison (GEM 3500 is also a direct ISE) is 

a major strength, as it removes the “electrolyte exclusion 

effect” caused by indirect ISE. There are very few 

published data comparing arterial and venous electrolytes. 

In this study, we aimed to investigate the agreement 

between sodium and potassium measurements in arterial 

and venous samples. 

Aim and objective 

To analyze and compare electrolyte concentrations in 

arterial and venous samples using the GEM 3500 ABG 

analyzer and the Vitros 5600 automated analyzer. To 

determine the strength of correlation and the level of 

agreement between arterial and venous electrolyte 

measurements.  

METHODS 

This retrospective study was conducted in the clinical 

biochemistry department of the Christian Institute of 

Health Sciences and Research Hospital, Dimapur, 

Nagaland, India, from January 2024 to June 2024. A total 

of 200 samples obtained from patients admitted to the 

intensive care unit (ICU) were included. Patients were 

included if both arterial and venous electrolyte results were 

available. Electrolyte values were retrieved from 

laboratory records, and the time at which each sample was 

received in the laboratory was documented. Inclusion 

criteria required patients of any age or sex for whom both 

arterial and venous samples were requested for electrolyte 

analysis, with paired samples collected within a maximum 

interval of 20 minutes. Exclusion criteria included missing 

results, a sampling interval exceeding 20 minutes, or 

samples that were hemolyzed, clotted, incomplete, or 

duplicated. 

For venous electrolyte measurement, 3 ml of blood was 

collected into a plain vacuum tube, centrifuged to obtain 

serum, and analyzed using the Vitros 5600 analyzer (Ortho 

Clinical Diagnostics), which utilizes the direct ion-

selective electrode (ISE) method. For arterial blood gas 

(ABG) analysis, 2 ml of arterial blood was collected in a 

heparinized syringe, sealed, and immediately transported 

for analysis using the GEM 3500 analyzer (Agappe 

Diagnostics), which also operates on the direct ISE 

principle. Only paired results containing both sodium 

(Na⁺) and potassium (K⁺) values from the two analyzers 

were included. The time of sample receipt in the laboratory 

was recorded for all cases. 
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Ethical approval for the study was obtained from the 

institutional ethics committee. Data were recorded and 

statistically analyzed using Microsoft Excel and SPSS 

software. Continuous variables were expressed as 

mean±standard deviation (SD), and a p value <0.05 was 

considered statistically significant. The Wilcoxon signed-

rank test was employed to compare Na⁺ and K⁺ 

concentrations between the two analyzers. Correlation was 

assessed using Spearman’s rank correlation coefficient, 

and agreement was evaluated using Bland-Altman 

analysis, with the limits of agreement calculated as bias ± 

1.96 × SD.  

RESULTS 

The mean age of 200 subjects whose laboratory reports 

were analysed was 55.53 years. Of the 200, there were 57 

females and 143 males. The mean value for serum sodium 

by AA was 136.33±9.22, and the ABG analyser was 

135.23±9.57. The mean value for potassium by the AA 

analyser was 4.20±1.01, and in the ABG analyser was 

4.01±0.97. In Table 1, we can observe a statistically 

significant difference between the values of the 

electrolytes analyzer on an AA and an ABG analyzer. 

Table 1: Mean and standard deviation of the arterial 

and venous blood electrolytes. 

Analyte 

(mmol/l) 

Arterial 

blood 

Venous 

blood P value 

Mean±SD  Mean±SD  

Sodium  135.23±9.57 136.33±9.22 <0.001  

Potassium  4.01±0.97 4.20±1.01 <0.001 

 

Figure 1: Spearman’s correlation between arterial 

and venous sodium measurements. 

Figure 1 shows a strong, positive, and statistically 

significant Spearman’s correlation between sodium values 

measured in arterial and venous blood samples (r=0.819, 

p<0.001), indicating that sodium concentrations obtained 

from both methods increase proportionately. 

Figure 2 demonstrate a strong and statistically significant 

positive Spearman correlation between arterial and venous 

potassium measurements (r=0.844, p<0.001), suggesting 

that potassium levels obtained by both sampling methods 

increase concurrently. 

 

Figure 2: Spearman’s correlation between arterial 

and venous potassium measurements. 

 

Figure 3: Bland-Altman plot of sodium in arterial and 

venous blood. 

A Bland-Altman plot was used to evaluate the agreement 

between the two analyzers. The mean bias was 1.105, with 

a standard deviation (SD) of 5.0895. Using the formula 

bias ± 1.96×SD, the limits of agreement (LOA) were 

calculated as −8.87 to 11.08. The 95% confidence interval 

for the bias ranged from 0.482 to 1.728, and the p-value 

for bias different from zero was 0.0024, confirming 

statistical significance. Out of 200 paired measurements, 

195 (97.5%) were within the LOA, indicating a generally 

acceptable agreement between the two analysers for 

sodium measurement. 

A Bland-Altman plot was constructed to evaluate the 

agreement between two analyzers. The mean bias was 

−0.1974 with a standard deviation (SD) of 0.5628. Based 

on the formula bias ± 1.96×SD, the limits of agreement 

(LOA) were determined to range from −1.30 to 0.91. The 

95% confidence interval for the bias was between −0.276 

and −0.119, and the test for bias different from zero 

yielded a p value of <0.0001, confirming statistical 

significance. Out of 200 paired measurements, 187 
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(93.5%) fell within the LOA, indicating a moderate degree 

of agreement between the two analysers for potassium, 

though slightly below the commonly accepted 95% 

threshold. 

 

Figure 4: Bland-Altman plot of potassium in venous 

and arterial blood. 

DISCUSSION 

Critically ill patients require close and frequent monitoring 

of metabolic parameters, making turnaround time (TAT) 

highly important in emergency and intensive care unit 

(ICU) settings. Despite this, many hospitals still lack 

advanced facilities and equipment. To address this, point-

of-care testing provides rapid bedside results, enabling 

quicker decisions and timely treatment initiation.14 

Therefore, timely and precise assessments of these 

parameters are essential in critical care. While the 

measurement of these electrolytes using a conventional 

autoanalyzer with venous serum samples is well 

standardized and reliable, the process requires 

centrifugation and serum separation, which is time-

consuming. In contrast, arterial blood gas (ABG) analyzers 

provide immediate results for sodium, potassium, and 

chloride levels, but the presence of heparin in arterial 

samples may interfere with the accuracy of these assays. 

In the present study, we attempted to determine whether 

the venous and arterial samples analyzed on the automated 

analyzer (Vitros 5600) and the ABG Analyzer (GEM 

3500) provide comparable results for sodium (Na⁺) and 

potassium (K⁺). If comparable, the ABG analyzer could 

serve as an alternative to the automated analyzer, offering 

advantages in terms of reduced turnaround time and cost. 

The results demonstrated that the differences between the 

arterial and venous sodium and potassium values were 

statistically significant. Pearson’s correlation analysis 

indicated a strong positive relationship between the two 

analyzers (r = 0.819 for Na+ +; r = 0.844 for K+ +). Bland-

Altman analysis further revealed that 97.5% of the sodium 

values fell within the limits of agreement, whereas 

potassium showed 93% agreement. Although slightly 

below the ideal 95% threshold, 93% is generally 

considered clinically acceptable and indicates a moderate 

level of agreement between the two analyzers for 

potassium measurements. Taken together, these findings 

suggest that the sodium values obtained from ABG and 

automated analyzers are highly comparable, whereas the 

potassium values show reasonable but slightly lower 

agreement. This supports the potential utility of ABG 

analyzers as a rapid and practical alternative for electrolyte 

estimation in certain clinical settings, provided that the 

limitations of potassium measurement are considered. In 

agreement with our study, Wongyingsinn et al observed a 

good correlation between arterial and venous potassium 

levels and stated that arterial potassium levels can replace 

the measurement of venous potassium levels.15 Flegar-

Mestric et al observed that electrolytes measured in whole 

blood by point-of-care analyzer were comparable to those 

measured in plasma or venous serum samples.16 King et al 

observed that there was good agreement between the 

sodium and potassium values measured by ABG analyzer 

and chemistry autoanalyzer.17 This is consistent with the 

findings of the present study. Awasthi et al observed that 

there was a strong correlation between the arterial sodium 

and potassium and venous sodium and potassium, which 

were similar to the findings of the present study.18 Fu et al 

studied potassium levels in patients with diabetic 

ketoacidosis and concluded that arterial potassium cannot 

be used as a substitute for serum potassium in patients with 

diabetic ketoacidosis.19 Although the agreement between 

whole blood and serum potassium was good and the 

average difference was small, the individual differences 

were clinically significant, particularly at lower potassium 

values.20 Patients in ICUs are critically ill and tend to have 

low blood protein levels. The ABG results were not 

affected by serum protein levels, which made the ABG 

electrolyte results more accurate for critically ill patients.21 

Moreover, patients can have pseudohyponatremia if 

protein or cholesterol levels increase in ICU patients.  

Although the use of ABG only for evaluating electrolytes 

can have a high operational cost, when we consider the 

total amount of information, we obtain from an ABG in a 

critically ill patient, such as oxygen requirement, lactate 

level, and acidosis per se, the use of ABG machines in 

critical areas of hospitals, such as emergency departments, 

operation theaters, and ICUs, is well justified. 

Furthermore, the direct cost of the machine to the hospital 

has been decreasing as the supply of such analyzers 

increases with time.20 ABG provides rapid, reliable 

screening; however, systematic bias and wide limits of 

agreement necessitate instrument-specific correction 

factors for safe clinical substitution in the ICU. 

Limitations of the study are 

This was a retrospective study. Although ICU nurses are 

trained to collect arterial and venous samples, the 

possibility of preanalytical errors cannot be eliminated.  

No data on treatment interventions, such as fluid infusions 

and blood transfusions, which can affect the results of both 

methods, were available 
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CONCLUSION 

This study found that sodium and potassium values from 

arterial and venous samples, as tested on the ABG and 

automated chemistry analyzers showed a strong positive 

correlation and good agreement in Bland-Altman analysis. 

This suggests that results from venous samples on the 

chemistry analyzer can be used interchangeably with 

arterial samples on the ABG analyzer. However, further 

studies with clinical correlation are needed to confirm 

which instrument is more reliable. The ABG analyzer, 

using the direct ISE method, provides fast results, avoids 

the electrolyte exclusion effect, and helps in quick clinical 

decisions. For accurate results, proper sampling with dry 

or electrolyte-balanced heparin and regular quality control 

are essential. Each laboratory should also perform its own 

pilot study to establish correction factors, as equipment 

and calibration may vary. 
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