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Ab s t r Ac t
Background: In a critically ill patient, when an arterial blood sample is processed on an arterial blood gas (ABG) analyzer, it also measures 
electrolytes apart from analyzing the blood gases. The turnaround time for ABG analysis is way too less compared to the conventional electrolyte 
analysis with a serum sample. 
Objective: This study intends to investigate whether values of electrolytes estimated in arterial blood can substitute the routinely practiced 
method.
Materials and methods: This is a retrospective cross-sectional study. The source of data is patients’ reports of serum electrolytes and ABG analysis 
from the Clinical Biochemistry laboratory, CIMS Teaching Hospital, Chamarajanagar between January and June 2021. The electrolytes report of 
200 patients from whom both arterial and venous blood samples were sent to the Clinical Biochemistry laboratory on the same day and at the 
same time for analysis were selected. The data was compiled, compared, and correlated using a suitable statistical tool.
Results: The mean and standard deviation of sodium (135.62 ± 5.20 in venous vs 134.08 ± 8.49 in arterial blood), potassium (4.20 ± 0.64 vs 3.80 ±  
0.75), and chloride (102.28 ± 4.99 vs 96.33 ± 8.11) were observed. However, when the concordance correlation coefficient and Bland-Altman 
plot analysis were made there was no agreement between electrolytes analyzed on serum in an autoanalyzer with that of ABG analyzer. 
Conclusion: We conclude that the electrolytes measured by a conventional autoanalyzer on a serum sample cannot be replaced by values 
analyzed on a blood gas analyzer.
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cl i n i c A l si g n i f i c A n c e/Hi g H l i g H ts 
We retrieved data of 200 patients admitted to the intensive care 
unit (ICU), from whom venous and arterial blood samples were 
drawn at the same time and analyzed for electrolytes on two 
separate analyzers. There was no agreement between the reports. 
Pre-analytical variables restrict the use of arterial blood gas (ABG) 
analyzer-derived electrolyte values for intervention.

in t r o d u c t i o n
Electrolytes are elements or minerals which when dissolved in 
water dissociate to carry charge.1 Sodium, calcium, potassium, 
phosphorus, chloride, and magnesium are a few of the many 
electrolytes found in our body. These electrolytes are involved in an 
array of functions in the human body such as muscle contraction, 
nerve impulse generation, maintenance of osmotic balance, and 
endocrine and excretory system regulation. They are vital for normal 
growth, development, and maintenance of health.2 

Electrolyte imbalance can be encountered in individuals 
affected by common ailments like diarrhea-vomiting and also in 
seriously ill patients admitted to ICU. Irrespective of the scenario, 
timely detection and correction of electrolyte imbalance is 
mandatory for life to sustain.3 Assessment of electrolyte status 
is one of the baseline investigations in critically ill patients. The 
laboratory decision tree early warning score (LDT-EWS) which has 
been developed to predict patient outcomes after ICU admission 
and in-hospital mortality includes analysis of hemoglobin, urea, 

creatinine, sodium, potassium, and albumin in patients at the time 
of induction to ICU.4 This emphasizes the importance of the fact 
that early detection and rectification of electrolyte imbalance can 
be lifesaving. 

Sodium, potassium, and chloride are the routinely measured 
electrolytes in day-to-day laboratory practice. These electrolytes 
are conventionally measured in serum derived from a venous blood 
sample of an individual in a clinical biochemistry laboratory by 
ion selective electrode (ISE) method.5 However, it is also possible 
to acquire values of sodium, potassium, chloride, and calcium in 
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an arterial blood sample when processed on an ABG analyzer.6 
This has become feasible ever since the electrodes for electrolyte 
measurement have been incorporated into the new generation 
ABG analyzers. Arterial blood gas analysis is a crucial biochemical 
investigation done in critically ill patients. As the name suggests 
ABG analysis is primarily done to assess blood gas levels and assess 
acid-base imbalance in an individual. The turn-around time (TAT) 
for ABG analysis is 10–15 minutes.7 The TAT for serum electrolytes 
estimation is anywhere up to one and a half hours.8

These facts intrigued us to explore the possibility of substituting 
electrolyte levels estimated in a venous blood sample with the 
values measured on an ABG analyzer in critically ill patients. There 
have been many similar studies earlier, however the outcome is 
indecisive.9,10 The ABG report is immediately available aiding in 
timely intervention. Furthermore, the patient can be spared of 
giving an additional blood sample for venous blood electrolyte 
analysis and paying for the same. Thus, we stepped in to 
investigate whether the electrolytes analyzed on the blood gas 
analyzer were in concordance with the levels measured on the 
electrolyte autoanalyzer (AA), so that the methods could be used 
interchangeably. This is the objective of our study.

MAt e r i A l s A n d Me t H o d s
This is a retrospective cross-sectional study. The research was 
conducted in the Clinical Biochemistry laboratory of Chamarajanagar 
Institute of Medical Sciences Teaching Hospital, Chamarajanagar, 
Karnataka, India. The Institutional Ethics Committee approval 
(Letter no: IEC Ref no: CIMS/IEC-03/02/2022, dated,13/07/2022) was 
obtained before the commencement of the study. The research 
project involved the retrieval of biochemical investigation reports 
from the Hospital Information System (e-Hospital portal) of patients 
admitted to the ICU of the hospital between January 2021 and 
June 2021. These patients who were admitted during this period of 
the year were those being treated for SARS-CoV-2 infection in the 
intensive care unit. Thus, the blood samples are those of critically ill 
COVID patients The data inclusion was made irrespective of the age 
and gender of the patient. The next important step was to scrutinize 
thoroughly and incorporate the biochemical investigation reports 
of only those patients whose arterial blood sample was sent for 
ABG analysis and a venous blood sample was sent for electrolyte 
analysis on the same day and between an interval of not more than 
twenty minutes. We could thus get access to two hundred such 
patient reports who met our unambiguous inclusion criteria. Two 
hundred is also the sample size required to endorse the power of 
study based on local population size. Yamane equation was used 
to calculate and derive the sample size in the current study.11

The analysis of electrolytes in the venous blood samples 
involved the collection of 3 mL of a venous blood sample under 
aseptic precautions in a plain non-vacuum evacuated tube from the 
patient admitted in the ICU and the sample would be transported 
to the clinical biochemistry laboratory immediately. Here, after 
20 minutes, when the sample would clot, it would be centrifuged 

and the serum-derived was aspirated into Roche 9180 electrolyte 
analyzer, which processed electrolytes: Sodium, potassium, 
and chloride based on direct ISE principle.12 This instrument is 
programmed for auto-calibration every fourth hour and quality 
control (one level) serum was run every day to ensure dispatch of 
accurate reports.

The ABG analysis involved the collection of a 2 mL arterial blood 
sample from the patient in the ICU in a heparinized syringe under all 
aseptic precautions. The syringe would be sealed and immediately 
sent to the clinical biochemistry laboratory for processing. The 
sample was at once processed on a radiometer ABL Flex 80 ABG 
analyzer, which has the provision to measure sodium, potassium, 
and chloride in the fed arterial blood sample also by direct ISE 
principle.13 

The reliability of the data retrieved for the present project 
is ensured as the standard protocol was followed during the 
collection, processing, and dispatch of serum electrolytes as well 
as ABG reports of every patient in the institute.

The electrolyte values of two hundred ICU patients processed 
on two types of blood samples (venous and arterial) and on two 
separate analyzers on the same day and at the same time were 
meticulously collected, and compiled for a detailed statistical 
analysis.

Statistical Analysis
The data was compiled on a Microsoft Excel sheet. The electrolyte 
values were presented using descriptive statistics like mean and 
standard deviation. Paired ‘t ’ tests were used to compare the 
electrolytes in the two different samples, p-value of < 0.05 was 
considered statistically significant. Arterial and venous blood 
electrolyte levels were correlated using Pearson’s correlation. 
Concordance Correlation coefficient (CCC) was used to look for 
agreement between electrolyte values analyzed on an AA and ABG 
analyzer. The results were reported at 95% confidence intervals. 
The consensus between the electrolyte values analyzed on a 
venous and arterial sample was also assessed using Bland‐Altman 
plot analysis.

re s u lts
The mean age of the two hundred subjects whose laboratory 
reports were analyzed was 52.87 years. Of the 200, there were 77 
females and 123 males. 

In Table 1, we can observe that there is a statistically significant 
difference between the values of electrolytes analyzed on an AA 
and ABG analyzer. Table 2 represents Pearson’s correlation analysis 
between mean ± SD of venous and arterial sodium, potassium, and 
chloride. We have observed a positive and statistically significant 
correlation. 

The concordance correlation coefficient is a valid statistical tool 
used in this study to interpret the agreement between electrolytes 
estimation in the same person but on two different analyzers. In 
all the comparisons made between arterial sodium (Ar Na) and 

Table 1:  Comparison of mean ± SD between AA and ABG analyzer measured electrolytes

Biochemical parameter
Mean ± SD of autoanalyzer (venous sample) 

measured  values
Mean ± SD of blood gas analyzer (arterial sample) 

measured values p-value
Sodium (mmoL/L) 135.6 ± 5.2 134.08 ± 8.4 0.02
Potassium (mmoL/L) 4.20 ± 0.64 3.80 ± 0.75 <0.0001
Chloride (mmoL/L) 102.28 ± 4.99 96.33 ± 8.11 <0.0001
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venous sodium (Vn Na) (Fig. 1); arterial potassium (Ar K) and venous 
potassium (Vn K) (Fig. 2); and arterial chloride (Ar Cl) vs venous 
chloride levels (Vn Cl) (Fig. 3) (strength of agreement) concordance 
correlation coefficient is poor as it < 0.90 (Table 3).

When compared using Bland-Altman Plot for the mean difference, 
the difference of arterial sodium (Ar Na) and venous sodium (Vn Na)  
(Fig. 4); arterial potassium (Ar K) and venous potassium (Vn K)  
(Fig. 5); and arterial chloride (Ar Cl) vs venous chloride levels  
(Vn Cl) (Fig. 6); it was noted that the values are not within the lower 
limit of agreement (LLA) and upper limit of agreement (ULA). Thus, 
there is weak agreement in values of electrolytes between two 
samples. There is a significant difference between the levels of 
electrolytes assayed on the two samples (p < 0.05).

di s c u s s i o n
The electrolytes sodium, potassium, and chloride level fluctuation 
are the cause of concern to intensivists treating critically ill patients. 
Accurate and in-time evaluation of these parameters is thus a 
requisite in critical care. Estimation of sodium, potassium, and 
chloride by conventional electrolyte auto-analyzer in serum derived 
from a venous blood sample is widely standardized and validated. 
However, it involves centrifugation and separation of serum prior 
to sample processing which is time consuming. On the other hand, 
ABG analyzer-generated values of sodium, potassium, and chloride 
can be obtained immediately, though the heparin in the arterial 
sample can be an interference for these electrolytes assay.

Fig. 2: Concordance correlation coefficient between arterial and venous 
potassium values

Fig. 3: Concordance correlation coefficient between arterial and venous 
chloride values

Table 2: Pearson’s correlation between electrolytes analyzed on AA 
and arterial blood ABG analyzer
Correlation analysis r-value p-value
Arterial Na+ vs venous Na+ 0.439 <0.0001
Arterial K+ vs venous K+ 0.517 <0.0001
Arterial Cl– vs venous Cl– 0.474 <0.0001

Table 3: Interpretation of concordance correlation coefficient
Strength-of-agreement Continuous variables QuantiTray methods
Almost perfect >0.99 >0.90
Substantial 0.95–0.99 0.8–0.9
Moderate 0.90–0.95 0.65–0.8
Poor <0.90 <0.65

Fig. 1: Concordance correlation coefficient between arterial and venous 
sodium values
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The present study did not demonstrate any agreement 
between levels of sodium, potassium, and chloride estimated in 
the venous sample with that of values analyzed in the arterial 
sample. The outcome of our study is analogous to the outcome 

seen in some of the other akin studies of the recent past. Following 
are the observations made by researchers whose studies were 
retrospective as ours. Shalini et al. and Budak et al. rule out the 
possibility of any concordance between venous and arterial blood 
electrolyte values.10,14 On the contrary, Nanda et al. mention arterial 
and venous sodium agree, and Parveen Doddamani et al. report 
that arterial and venous potassium agree.15,16 Few of the researchers 
have done prospective study design-based projects, the outcome 
of which is as mentioned here: Madhavi et al. have reported similar 
outcomes in their study where they mention that physicians should 
be cautious to utilize auto-analyzer and ABG analyzer generated 
electrolytes report interchangeably.17 The research project of 
Shivesh Prakash et al. suggests that the two tests’ methods cannot 
be used interchangeably, except for potassium.18 Dipti Basavaraj 
Sanakal et al. in their research have found that benchtop auto-
analyzers and ABG analyzers may be used interchangeably for the 
measurement of potassium but not for sodium.19 Binila Chacko et al. 

after their research have recommended that concordance between 
two different methods of electrolytes estimation be drawn using 
a correction factor.20

The explanation for the variation in electrolyte values is that, 
though both instruments are based on the direct ISE principle, 
they differ in instrumentation and this may cause a 2–5% variance 
between the values quantified.21 The heparin used in ABG samples 
can cause dilution and interfere with the measurement of positively 
charged ions.22,23

The limitations of the present study are: 

• Retrospective design of the study.
• No data on treatment interventions like fluid infusions and blood 

transfusions which can affect the results of both methods.
• We have restricted the study to look for concordance and have 

not further derived any correction factor.

Fig. 4: Bland-Altman plot of sodium in arterial and venous blood

Fig. 5: Bland-Altman plot of potassium in arterial and venous blood

Fig. 6: Bland-Altman plot of chloride in arterial and venous blood
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co n c lu s i o n 
We conclude that the electrolytes measured in serum derived from 
venous blood samples by conventional autoanalyzer cannot be 
replaced by values of arterial blood samples analyzed on a blood 
gas analyzer.
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