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Objective The aim of this study was to see the effect of hypoproteinemia on electro-
lyte measurement by two different techniques, that is, direct ion selective electrode 
(ISE) and indirect ISE.
Material and Method It was an observational study in which 90 serum samples with 
normal protein content (Group-1) were subjected to sodium (Na+) and potassium (K+) 
measurements by direct and indirect ISE methods. In the same way, 90 serum samples 
with total protein < 5 g/dL (Group-2) were subjected to Na+ and K+ measurements by 
direct and indirect ISE methods.
Result In samples from Group-1 patients, average Na+ was 138.1 ± 4.764 mmol/L by 
direct ISE method and 139.3 ± 3.887 mmol/L by indirect ISE method while average K+ 
was 4.41 ± 0.644 mmol/L by direct ISE method and 4.40 ± 0.592 mmol/L by indirect 
ISE method. There was no statistically significant difference in Na+ and K+ values mea-
sured by different methods. In samples from Group-2 patients, measured value of Na+ 
by direct ISE and indirect ISE was 134.57 ± 5.520 mmol/L and 138.64 ± 5.401 mmol/L, 
respectively. Difference between these two values was statistically significant with 
p-value of < 0.0001, but direct ISE and indirect ISE measured values of K+ was 4.146 ± 
0.9639 mmol/L and 4.186 ± 0.8989, respectively, with no significant difference.
Conclusion Direct and indirect ISE methods are not comparable and showing sig-
nificantly different results for Na+ in case of hypoproteinemia. So, it is recommended 
that setups like intensive care unit or emergency department, where electrolyte values 
have significant treatment outcome, should follow direct ISE method and should com-
pare its previous result with the same method. Both the methods should not be used 
interchangeably.
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Introduction
Electrolytes are of major physiological importance as various 
functions of the body depend on electrolytes’ balance. The 

electrolytes’ measurement in serum samples is one of the 
most commonly performed tasks and it is one of the most 
important parameters as well. Estimations of electrolytes, 
mainly sodium (Na+) and potassium (K+), are performed in 
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the clinical biochemistry laboratory, but they are also more 
commonly estimated at point of care.

There are mainly two methods—direct ion selective elec-
trode (ISE) and indirect ISE—of electrolytes’ estimation that 
are commonly used in clinical biochemistry laboratory now-
adays. These measure different quantities; however, their 
results are comparable in normal samples. One technique 
measures the electrolyte content in the plasma water, which 
is known as direct ISE, and the other technique measures elec-
trolyte content in the volume of total plasma, which is known 
as indirect ISE.1 Total plasma contains water and solid com-
ponents. Thereby, the distribution between water and solid 
phase is of importance as far as measurement of electrolyte 
is concerned, as the protein and lipid content may vary from 
the normal and will lead to difference in the measurement 
values from the two different techniques. Electrolytes pres-
ent only in water content of plasma and body only respond 
to that, so measurement of electrolytes in plasma water is of 
main importance. The variation in the solid phase of plasma, 
that are proteins and lipids, from the normal situation will 
cause an error on the reported electrolyte results from the 
indirect ISE method.1

The results from the two different types of analyzer, 
which work on two different techniques, direct ISE and indi-
rect ISE, are comparable for samples with a normal content 
of solid phase. Many preanalytical variables affect accuracy 
in electrolyte measurement. So, it is required that all prean-
alytical variations should be eliminated. Any sample with 
altered total lipids and total proteins may affect results and 
treatment, which may be life threatening.2 Many studies 
have advocated not to use direct ISE and indirect ISE alterna-
tively.3-5 Treating physician should keep in mind that electro-
lyte value might be altered due to laboratory variables, and 
they should correlate it with patient’s condition.6

Certain clinical conditions including hypoproteinemia 
affect the results of electrolytes’ estimations, which makes 
results incomparable between the two methods. Due to 
these types of errors, laboratories get to receive repeat sam-
ples unnecessarily and many times when they are required 
to rerun the same sample there is a waste of man, machine, 
and time, which ultimately leads to increase in testing cost 
and undesired treatment result. This study is to see the effect 
of hypoproteinemia on electrolyte estimation and to develop 
policy to report error-free results and decrease laboratory 
wasteful work.

Material and Method
Study Subjects: The study was done in the Biochemistry 
departments of Smt NHL Municipal Medical College and 
Sardar Vallabhbhai Patel Institute of Medical Sciences & 
Research, Ahmedabad, India. Institutional Review Board’s 
clearance was obtained for the study. Overall, 90 serum sam-
ples with normal total protein and 90 patients’ samples with 
hypoproteinemia (< 5 g/dL) were included.

Study Design: This was an observational study. Aim of the 
study was to see the effect of hypoproteinemia on electrolyte 
measurement by two different techniques, that is, direct ISE 

and indirect ISE. Thus, 90 patients with normal protein con-
tent (Group-1) in serum were subjected to sodium (Na+) and 
potassium (K+) measurements by direct ISE (AVL, Roche) and 
indirect ISE (Advia 1800, Siemens). Same way, 90 patients 
with serum total protein < 5 gm/dL (Group-2) were subjected 
to Na+ and K+ measurements by these two techniques.

Methods of Measurements: All patients were subjected to 
detailed history and serum estimation for total protein, lipid 
profile, and electrolyte (Na+, K+) estimations. All the patients 
with high total lipid content and those who were on intrave-
nous infusion were excluded from the study group. Hemolyzed 
samples were excluded as it affects potassium level.

The blood sample in plain evacuated tube was allowed 
to clot at room temperature. It was then centrifuged 
at 3,000 rpm for 10 minutes to separate serum samples and 
then analysis of serum for total protein, lipid profile, Na+, 
and K+ (indirect ISE) was done within 1 hour of collection. 
All tests were performed in fully automated clinical chemis-
try analyzer, Advia 1800, Siemens. Na+ and K+ estimation was 
also done by direct ISE technique using AVL, Roche.

Statistical Evaluation: The data obtained were analyzed 
by using statistical tests, unpaired t-test, for comparison 
between groups, and p-value was calculated; a p-value of < 
0.05 was taken as significant using GraphPad InStat.

Results
In our study, all the serum samples that were received in 
clinical biochemistry laboratory for estimation of total pro-
tein, lipid profile, and electrolytes were considered as part of 
study, but patients with abnormal total lipids were excluded. 
Thus, 90 patients with normal total protein and normal 
total lipids were included in Group-1 and 90 patients with 
hypoproteinemia with normal total lipids were included in 
Group-2. All these samples were subjected to Na+ and K+ esti-
mation by two different methods, direct ISE and indirect ISE. 
Derived values were subjected to unpaired t-test and p-value 
was derived.

In samples from Group-1 patients, average Na+ was 138.1 ± 
4.764 mmol/L by direct ISE method and 139.3 ± 3.887 mmol/L 
by indirect ISE method, and p-value was 0.0609, which 
shows that there was no statistically significant difference 
between the measured values of the same sample but by dif-
ferent methods (►Table  1, ►Fig.  1). Average K+ was 4.41 ± 
0.644 mmol/L by direct ISE method and 4.40 ± 0.592 mmol/L 
by indirect ISE method. Also, p-value was 0.9329, which 
again shows that there was no statistically significant differ-
ence between measured values of K+ of same sample but by 
different methods (►Table 2, ►Fig. 2).

In samples from Group-2 patients, average measured 
values of Na+ by direct ISE and indirect ISE were 134.57 ± 
5.520 mmol/L and 138.64 ± 5.401 mmol/L, respectively. 
Difference between these two values was statistically signifi-
cant with a p-value of < 0.0001 (►Table 1, ►Fig. 1). Similarly, 
direct ISE and indirect ISE measured values of K+ were 4.146 
± 0.9639 mmol/L and 4.186 ± 0.8989, respectively, but the 
p-value was 0.7737, which suggests no significant difference 
(►Table 2, ►Fig. 2).
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Discussion
Electrolyte estimation is very critical for the treatment of the 
patients, especially in intensive care units (ICUs) and emer-
gency departments. Nowadays, more and more electrolytes’ 
estimation is done at bedside, that is, point-of-care testing 
(POCT)—the estimation is usually based on direct ISE method. 
There are many small hospitals that do not have much patient 
load, so they usually send the samples to laboratories. If sam-
ple load in the laboratories is not high, then these small lab-
oratories also perform electrolyte estimation on equipment 
that are usually based on direct ISE method, which is much 
reliable. But big hospitals that have their own laboratory and 
heavy sample load usually do electrolyte estimations on fully 
automated clinical chemistry analyzer, which is based on 
indirect ISE method. So, there is always a point of discussion 
whether results from indirect ISE are comparable with the 
results of direct ISE or not? There are many studies done on 
these to establish the effect of any preanalytical variables 
on the results. One such preanalytical parameter that might 
affect electrolyte estimation in indirect ISE method is total 
protein content.

In our study, we tried to see the effect of hypoprotein-
emia on electrolyte estimation comparing both the methods, 
direct ISE and indirect ISE. There are many studies that show 
that variation in total lipid affects the results of electrolytes, 
so we excluded the patients with abnormal lipid content in 
the serum. We measured Na+ and K+ by both the methods in 
patients with normal and low total protein in the serum. We 
observed that there was no significant difference between 
Na+ and K+ values in cases where total protein content in the 
serum was normal. But when samples of the patients with 
low total protein in the serum were analyzed for Na+ and K+ 
by both the methods, it was observed that there was no sig-
nificant difference between measured values of K+ by both 
the methods, but measured values of Na+ by both the meth-
ods showed significant difference with a p-value of < 0.0001. 
Measured Na+ values by direct ISE were low compared with 
indirect ISE in the patients with hypoproteinemia.

Various studies have been done to see the effect of total 
protein in the serum on electrolytes’ estimation by both 
the methods. The differences in measured values of indi-
vidual parameter may not be significant, but calculated 
parameters like anion gap may have statistically significant 

Table  1  Serum sodium (Na+) in patients with normal total protein and hypoproteinemia

Serum total protein Method n Mean ± SD (mmol/L) SE of mean p-Value

Normal
(Group-1)

Direct ISE 90 138.1 ± 4.764 0.5021 0.0609

Indirect ISE 90 139.3 ± 3.887 0.4097

Hypoproteinemia  
(Group-2)

Direct ISE 90 134.57 ± 5.520 0.5819 < 0.0001

Indirect ISE 90 138.64 ± 5.401 0.5694

Abbreviations: ISE, ion selective electrode; SD, standard deviation; SE, standard error.

Fig. 1 Serum sodium (Na+) in patients with normal total protein and 
hypoproteinemia. ISE, ion selective electrode.

Fig. 2 Serum potassium (K+) in patients with normal total protein 
and hypoproteinemia. ISE, ion selective electrode.

Table  2  Serum potassium (K+) in patients with normal total protein and hypoproteinemia

Serum total protein Method n Mean ± SD (mmol/L) SE of mean p-Value

Normal
(Group-1)

Direct ISE 90 4.41 ± 0.644 0.0679 0.9329

Indirect ISE 90 4.40 ± 0.592 0.0624

Hypoproteinemia 
(Group-2)

Direct ISE 90 4.146 ± 0.9639 0.1016 0.7737

Indirect ISE 90 4.186 ± 0.8989 0.0947

Abbreviations: ISE, ion selective electrode; SD, standard deviation; SE, standard error.
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compounded difference.7 Madhavi and Nikhila recommend 
that POCT-based method and indirect ISE method should not 
be used interchangeably.3 Similarly, a study done by Jain et al 
to compare the results of POCT instrument and autoanalyzer 
found no significant difference between the measured values 
of potassium by both the instruments, though values mea-
sured by the POCT instrument and the autoanalyzer were 
significantly different for sodium.4 Clinicians and laboratory 
personnel should be aware of the preanalytical variables that 
affect the measured values of sodium by both the methods 
and should avoid using result interchangeably specially in 
emergency departments.5 Zelmet suggested not using indi-
rect ISE method, specially in case where there is an alteration 
in protein content of the blood.8

Even though it is well known that total protein content 
may alter the outcome of the measured Na+ value by indi-
rect ISE method, no specific formula could be derived to cor-
rect the value as per protein content.9 There are studies that 
suggest ruling out any altered result of sodium by measur-
ing protein and lipids in the serum. So pseudohyponatremia 
or pseudonormonatremia should be ruled out.10-12 So, there 
is an advantage with direct ISE method because results are 
unaffected by the presence of abnormal protein and lipid 
content, whereas indirect ISE results get affected.13,14 Chow 
et al showed that hypoproteinemia may lead to reporting of 
falsely high Na+ values by indirect ISE method.15

Though we found significant difference in measured Na+ 
values in case of hypoproteinemia between the two methods, 
it is also important that many other preanalytical variables 
also affect the results and hence total collective effect need 
to be assessed.

Conclusion
In our study, we observed that protein content does not 
alter measured K+ values by direct and indirect ISE meth-
ods. Though direct ISE and indirect ISE are comparable while 
measuring Na+ and K+ in serum samples with normal protein 
and lipid content, both these methods are not comparable 
and showing significantly different results for Na+ in case 
of hypoproteinemia. But we need to have large sample size 
to see the effect of altered values of total protein in blood 
on indirect ISE measured Na+ value and to derive a specific 
formula. So, it is recommended that preanalytical variables 
like these should be considered before reporting Na+ result, 
and especially in setups like ICU and emergency department 
where electrolyte values have significant effect on treatment 
outcome. These setups should follow direct ISE method or 
should compare its previous results with analyzing subse-
quent results by the same method. Both the methods should 
not be used interchangeably.
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