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Introduc on
Electrolyte and hemoglobin measurement are the integral
part of management of cri cally ill pa ent. There can be a
wide varia on in the electrolyte and hemoglobin
measurement in cri cally ill pa ent between arterial blood
gas analyzer and central laboratory auto analyzer.
Objec ve
To compare the electrolytes (sodium, potassium and
chloride) and hemoglobin level measured by arterial blood
gas analyzer and laboratory analyzer.
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Methodology
This was a prospec ve cross-sec onal compara ve study
comparing the electrolytes (sodium, potassium and
chloride) and hemoglobin measurement between arterial
blood gas analyzer and laboratory auto analyzer. The study
included 124 paired blood samples from the pa ent
admi ed in intensive care unit of Birat Medical College
Teaching Hospital in two months dura on. The arterial
sample and venous sample for electrolytes and hemoglobin
measurement were taken simultaneously or not more than
one hour apart and analysis was done by arterial blood gas
analyzer and central laboratory auto analyzer accordingly.
The values of electrolytes and hemoglobin measured by two
diﬀerent analyzers were ﬁnally compared for varia on.
Result
The mean diﬀerence calculated for sodium potassium and
chloride in ABG machine and Auto-analyzers were 0.57
mmol/l.-0.04mmol/l and 1.71mmol/l respec vely. These
data were within the acceptable range of United States
Clinical Laboratory Improvement Amendments(USCLIA).
The mean diﬀerence derived for hemoglobin in ABG and
Auto-analyzers was 0.16g/dl which was not consistent with
the range of United States Clinical Laboratory Improvement
Amendments (USCLIA)
Conclusion
The measurement of electrolyte namely sodium, potassium
and chloride in ABG machines and Auto-analyzers of central
lab were comparable while hemoglobin was not
comparable under the USCLIA guidelines.

KEY WORDS
Auto-analyzers, ABG machine,chloride, hemoglobin,
potassium, sodium.
Birat Journal of Health Sciences

ISSN: 2542-2758 (Print) 2542-2804 (Online)

Vol.5/No.1/Issue 11/ Jan-April, 2020

960

Original Research Ar cle

Arjyal B et al

INTRODUCTION
Electrolyte imbalance is the common clinical and laboratory
abnormality in cri cally ill pa ent.1 Unno ced or undiagnosed
electrical abnormali es can increase the morbidity and
mortality in cri cally ill pa ents. Therefore, these electrolytes
are very important in determining the outcome of cri cally
ill pa ent2
Most of the major electrolytes including sodium, potassium
and chloride can be measured by Arterial Blood Gas
analyzer. Besides, hemoglobin and hematocrit can also be
measured as a point of care test by ABG machine.3 Though
ABG has become a gold standard in ICU setup, electrolytes
and hemoglobin are being sent on a regular basis to the
laboratory despite the me lag. However, when processed
by a central laboratory the results are delayed by a few hours
that can aﬀect the clinical management of the cri cally ill
pa ents.4 This delay in repor ng me does not allow the
clinician to correct the electrolyte abnormality or anemia
promptly, hence hindering the improvement of the pa ent.
ABG analyzer measures electrolytes by direct ion-selec ve
electrolyte method and uses undiluted sample while central
laboratory auto analyzer measures the electrolyte by
indirect ion-selec ve electrolyte method and uses diluted
samples.5 Besides, ABG analyzer uses whole blood and takes
shorter processing me while laboratory auto analyzers use
serum blood and take longer me.6 These two fact can lead to
the discrepancy in the values measured by the two analyzers.
ABG machines are primarily designed to analyze the blood
gas parameters and not for the electrolytes or hemoglobin.
Though ABG machine provides a point of care tes ng for
electrolyte measurement, the change in pH can lead to
variable degree of membrane permeability which in turn
leads to displacement of electrolyte. Thus, the variable
eﬀect of pH in the electrolyte displacement speciﬁcally
potassium can contribute to the unreliability of electrolyte
measurement by ABG machine.7 Many mes clinicians
prefer to measure the electrolytes and conﬁrm in the central
laboratory by Auto-analyzer.Moreover, there have been
numerous studies which have shown that ABG measurements
have not been consistent with central laboratories in
hospital even with the same sample.8
There is a wide disparity in the literature regarding
recommenda on for electrolytes measurement by ABG
and laboratory auto analyzer without any conclusive
recommenda on. Thus, this study had been designed to
enrich the data bank and access the reliability of electrolytes
and hemoglobin measurement by ABG machine. The study
compared the diﬀerences in the measurement of three
major electrolytes sodium, potassium and chloride with
addi onal hemoglobin measurement between ABG
machine as a point of care tes ng and laboratory Autoanalyzer in the cri cally ill pa ents in the intensive care unit
of Birat Medical College and teaching hospital.

pa ents admi ed between15-6-2019 to 15-8-2019 in
cri cal care unit of Birat Medical College and Teaching
Hospital. All the blood samples that were sent for ABG
analysis and central laboratory, during this period of me,
were included in the study. The samples which had error in
sampling techniques were not included in the study. A total
of 124 paired blood samples from cri cally ill pa ents in ICU
were included in the study for electrolyte and hemoglobin
analysis by ABG machine (ABL ﬂex 80) in ICU and Autoanalyzer (Medonic M series in central laboratory of Birat
Medical College and teaching hospital).
Under all the asep c precau ons an ABG sample of 1ml of
blood was collected in a pre-heparinized BD (Bacton
Dickson) syringes. This arterial sample collected for ABG was
processed in ABL ﬂex 80 analyzer to draw the values of
electrolytes and hemoglobin. Simultaneously another
venous sample of 4-5 ml of blood was extracted of which 1
ml was transferred to an EDTA tube (levacvacutainer) for
complete blood count repor ng and next 2 ml of blood was
transferred to other levacvacutainer for electrolytes. These
samples were drawn by trained health care professionals.
Thesevenous samples were sent to laboratory for further
evalua on. The blood sample collected in an EDTA tube for
CBC(complete blood count) was directly analyzed in Autoanalyzer (Medonic M series) while, the blood sample
collected in the vacutainer for serum electrolytes was
centrifuged for 5 minutes before being analyzed in
Humalyte plus 3.The Auto-analyzers and the ABG analyzer
were calibrated each me a new reagent was installed. This
was done for quality control.
The values of electrolytes and hemoglobin obtained from
ABG and central laboratory auto analyzer were saved in
Microso excel. Sta s cal analysis was done by IBM SPSS
version 23.The con nuous data were used for analyzing the
mean and standard devia on, while student t test was used
to compare the data between AA and ABG. The p value
<0.05 was considered to be signiﬁcant.
The accepted level of varia on among the two groups was
considered according to US-CLIA (United States Clinical
Laboratory Improvement Amendments) guidelines. The
guideline accepts diﬀerences as; sodium ±4.0 mmol/
L,potassium ±0.5 mmol/L, chloride ±5 mmol/l;hemoglobin
±7%compared to the target values.5

RESULTS
Table 1. Electrolyte and hemoglobin in Arterial blood gas
and Auto analyzer

METHODOLOGY
This was a compara ve prospec ve study conducted in
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The analysis of sodium values (table 1) showed that mean
sodium in ABG was140.63 ± 8.08 mmol/l and the mean
sodium in auto analyzer was 140.06 ± 7.54.The mean
diﬀerence in sodium level was 0.57mmol/l (SD-0.51mmol/l).
When the mean sodium level was evaluated for ABG and
autoanalyzer, a signiﬁcant diﬀerence was evident (p<0.05).
The mean potassium level measured inABG was 4.08±0.75
mmol/l while the value in autoanalyzer was 4.12±0.71 mmol/l
(table 1). The mean diﬀerence in potassium level was 0.04
mmol/l (SD-3881mmol/l).A signiﬁcant diﬀerence was evident
(p<0.05) when mean value for potassium was observed.
The evalua on of chloride value (table1) showed that mean
chloride in ABG was 104.61± 6.61 mmol/l and the mean
chloride in auto analyzer was 102.9± 6.62 mmol/l. The mean
diﬀerence in chloride level was 1.71mmol/l(SD- 0.45
mmol/l). When mean chloride level was evaluated for ABG
and AA a signiﬁcant diﬀerence was evident(p<0.05).
The mean hemoglobin level (table 1) measured in ABG was
10.47± 2.64 gm/dl while the value in autoanalyzer was
10.31± 2.72g/dl. The mean diﬀerence in hemoglobin level
was 0.16g/dl (SD-0.08g/dl). A signiﬁcant diﬀerence was
evident (p<0.05) when mean value for hemoglobin was
observed.

DISCUSSION
As electrolyte abnormality is a frequent clinical condi on in
cri cally ill pa ent, early detec on and early management
of this reversible changes is very important. Ini a ng early
treatment in such condi ons beneﬁt the pa ent clinically
and also decreases the economic burden.9
The present study showed that the mean diﬀerence of
sodium in ABG and AA was 0.57mmol/l. This is within the
acceptable range of USCLIA as discussed earlier. There are 7
values(<6%)of sodium during the comparison in our study,
which did not fall in USCLIA guidelines .The reason behind
this inappropriate report might be due to hypoalbuminemia,
which was not evaluated in our study. The overes ma on of
sodium in indirect ion selec ve electrodes method was
reported by Shalini G et al. to be linked with serum protein
and albumin. It was further stated that, this could be the
cause of overes ma on of sodium in hypoalbuminemia by
Auto-analyzers.5
Zhang JB et al. from their study concluded that the meanbias
of sodium and potassium in ABG was comparable to that of
Auto analyzers.10. In a study conducted on 352 pa ents by
Gibson M et al. it was agreed that >95% sodium values was
comparable between ABG and AA agreeing to accept the
reports to make decisions in cri cal care se ng.11
A large study was conducted in supramaximal care hospital
to evaluate the accuracy of point of care machines by
Dolscheid-Pommerich, R.C. et al. It was noted that there is
no inconsistency in the reports of sodium. Despite which it
was concluded that further evalua on is required for the
ABG machine, since they did not take albumin and protein
into considera on.12
In the present study, diﬀerence for mean of potassium

between ABG and AA was measured to be - 0.04mmol/l.This
is within the range of CLIA. In a study conducted on 200
samples by Anunaya Jain et al. it was stated that the
potassium value of ABG machine correlated with that of
Auto-analyzers (Central laboratory). Since the mean
diﬀerence in all the condi ons namely hypokalemia,
normokalemia and hyperkalemia was within the CLIA
limits,it was suggested that ABG machine could be trusted
for the early interven on by the medical professional.8
Shivesh Prakash and his colleagues a er conduc ng similar
study agreed that the concordance was moderate to
substan al. It was also suggested that except for potassium,
result of the other electrolytes in two tests should not be
interchanged.13
The result of the comparison of potassium level measured
by two auto analyzer in our study was supported by the
previously published studies 7, 14 except for Y U Budak et al.15
who disagreed and concluded that the data was no nter
changeable.
A er ﬁnding weak correla on with chloride and none for
potassium, Jérôme Allardet - Serventet al. concluded that
chloride and potassium are least aﬀected by hypoalbuminemia.
They also noted that measuring chloride by the two
techniques do not show any diﬀerence.16
In the present study mean diﬀerence in chloride for the test was
1.71mmol/l.This diﬀerence was within the limits of CLIA.
Usyal E et al in their study concluded that despite sodium
and potassium having strong correla on, chloride had
moderate coorela on.17 While Begs A and his colleagues
suggested that ABG is a reliable op on to analyze chloride
along with sodium potassium and hemoglobin.18
The mean diﬀerence calculated for hemoglobin for ABG and
auto analyzerin our study was 0.16. This value does not
match with the limits provided by CLIA. This result was
consistent with the one conducted by Gavala A and his
colleagues, who concluded that the hemoglobin level
measured by ABG analyzer was lower as compared to the
central autoanalyzer.19 A study conducted by Leino A and
Kurvinen K stated that hemoglobin was incomparable
between the two analyzers. They concluded that in a clinical
condi on where hemoglobin was low, it over diagnosed
anemia20. This discrepancy was well explained by Jérôme
Allardet-Servent et al. who considered the confounding
factors like cell fragments from incomplete hemolysis and
high bilirubin level and high lipid frac ons and the method
of analysis.16
Triplet K E et al. concluded that, there was no signiﬁcant
diﬀerence in the hemoglobin values measured by the two
analyzers (Auto Analyzer and Arterial Blood gas), sugges ng
that it is not necessary to send concurrent samples to ABG
and auto analyzers in central laboratory.21

CONCLUSION
The sodium, potassium and chloride values measured by
the arterial blood gas analyzer were comparable with the
values obtained by the laboratory autoanalyzer and thus the
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arterial blood gas analyzer could be considered as a point of
care tes ng in ICU for the electrolyte measurement.
However, the hemoglobin level measured by arterial blood
gas analyzer was not comparable with that measured by
laboratory auto-analyzer. Hence, we conclude that arterial
blood gas analyzer could be not used as a point of care
tes ng for hemoglobin.

LIMITATIONS OF THE STUDY
Factors like arterial and venous blood, serum and whole
blood for analysis of electrolytes and hemoglobin were not
considered to nullify the poten al eﬀect of these factors on
the result of the study. The pre-analy c factors like two
diﬀerent pricks to procure the sample, sample handling, the
me frame required in analyzing the sample in central
laboratory were not assessed. We also did not take into

account the protein and albumin of the pa ent which could
be the cause of some unexpected values as discussed.
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