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Objectives We aim to report the simultaneous effect of different protein and lipid
concentrations on sodium (Na*) and potassium (K*) measurement by direct and indi-
rect ion selective electrodes (dISE and iISE) in patient samples.

Materials and Methods Na® and K* were measured in 195 serum samples received
in the laboratory using ilSE by Roche Modular P800 autoanalyzer and using dISE by
XI-921 ver. 6.0 Caretium electrolyte analyzer. Serum total protein (TP), cholesterol
(Chol), and triglycerides (TG) were measured using conventional photometric meth-
ods on Roche Modular P800 autoanalyzer. Differences for each pair of results for Na*
(Diff_Na* = [Na*, Na*,.]) and K* (Diff_K* = [K* . K* . ]) were calculated. Patient sub-
groups with high, normal, or low TP (< 5, 5-7.9, or = 8 g/dL), Chol (< 150, 150-299, or
>300 mg/dL), or TG (< 150, 150-299, or 2300 mg/dL) were compared using analysis of
variance. Note that 95% confidence interval of Diff_Na* and Diff_K* were calculated to
see the number of samples showing clinically significant differences.

Results Diff_Na* (p = 0.007) and Diff_K* (p = 0.002) were found significant between
samples with normal and high TP. However, effect of TG was not significant. Chol
concentration affected Diff_Na* significantly between low versus normal (p = 0.002),
and high versus normal (p = 0.031) Chol groups. Diff_K* was significant (p = 0.009)
between low versus normal Chol. Clinically relevant disagreement of =|5| mmol/L for
Na* was observed in high percentage of samples including all subcategories; however,
for K* only 3.6% of the total samples showed disagreement of = |0.5| mmol/L. A mul-
tivariate regression equation based on fit regression model was also derived.
Conclusion Summarily, interchangeable use of electrolyte results from dISE and ilSE
is not advisable, especially in a setting of hyperproteinemia (28 g/dL) or hypercholes-
terolemia (2300 mg/dL); more so for Na*.

(ISE)-based technologies, both in the clinical laboratories and
also at the point-of-care (POC) setting. However, ISEs can be

Measurement of serum electrolytes, sodium (Na*) and potas-
sium (K*), are one of the most frequently ordered tests in
patients from emergency department or critical care and
urgent reports are crucial for clinical decision-making. Most
present-day electrolyte analyzers use ion selective electrode
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“direct” or “indirect”; direct ISEs (dISEs) allow interaction
of serum sample directly with the ion-selective membrane,
unlike in indirect ISEs (iISEs) which include a predilution
step where the samples are diluted in the ratio of 1:20 or
more to allow measurement with lower sample volumes and
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to expand the measurable concentration range.! Because of
their high capacity, iISEs are used in most of the autoana-
lyzers in clinical chemistry laboratories, whereas dISEs are
used in POC devices. This introduces a method-dependent
difference in the analytical results especially in the setting
of serial monitoring and interchangeable use of results from
two technologies.

The most important factor affecting the accuracy of results
in case of iISE is the displacement of plasma water by proteins
and lipids in cases of hyperproteinemia or hyperlipidemia, a
phenomenon recognized as “electrolyte exclusion effect.”?*
Normally, these nonaqueous components constitute approx-
imately 7% of the plasma volume. When they increase, iISE
output, that is standardized for a predilution plasma water
mass concentration of 0.93 kg/L, gives erroneously low
results. The phenomenon of “pseudohyponatremia” has been
well reported in the literature due to the effects of proteins
and lipids.># Contrarily, in dISE, since the sample is not predi-
luted, the measurement remains unaffected by nonaqueous
phase variation. It gives a true estimate of the plasma elec-
trolytes despite any changes in nonaqueous plasma compo-
nents. The opposite effect, “pseudohypernatremia” has also
been reported in the literature.’

With the recent proliferation of POC testing, clinicians
are increasingly using electrolyte results from dISE and iISE
interchangeably, sometimes confusing clinical decision mak-
ing. Till date, no consensus has been achieved on the correla-
tion of results from dISE and iISE, especially in the setting
of abnormal solids in the serum. In the present study, we
attempt to analyze the combined effect of protein and lipid
concentrations on electrolyte analysis by these two com-
monly used technologies.

Methods and Materials

The present cross-sectional study was conducted in the clin-
ical biochemistry and emergency laboratory at a tertiary
care teaching hospital. In this study, 400 serum samples,
which were received in the clinical biochemistry laboratory
for electrolyte analysis, were screened. From these samples,
195 samples were included, which had been concurrently
evaluated for serum protein, cholesterol, and triglyceride
(TG) concentration.

Subgroups: These samples were further classified as per
(1) serum total proteins (TPs) >8 g/dL, between 5 and 7.9 g/
dL, and also <5 g/dL; (2) serum total TG >300 mg/dL, between
150 and 299, and < 150 mg/dL; and (3) serum total cholesterol
(TC) 2300 mg/dL, between 150 and 299, and < 150 mg/dL.

Measurements

« Serum Na' and K* were measured by both Roche Modular
P800 autoanalyzer (Roche Diagnostics) (ilSE) and XI-921
(ver. 6.0, Caretium Medical Instruments Co.) (dISE).

= Other parameters like serum TPs were measured by Biuret
method; serum TC by cholesterol oxidase-peroxidase

(CHOD- PAP) method; and serum TG by glycerol-3-phos-
phate oxidase-peroxidase (GPO-PAP) method measured
by the Roche Modular P800 autoanalyzer.

Samples with visible hemolysis, icterus, or lipemia were
excluded. Routine quality control was performed daily as per
accepted guidelines on both the analyzers.

Analysis

The data was compiled in Microsoft Excel and analyzed using
SPSS software version 20 (IBM Corporation).

Difference between dISE and iISE was calculated for serum
Na* (Diff_Na* = [Na*,,—Na*,.]) and K* (Diff_K* = [K*, .-K*,.:])
for each pair of results. Comparison was done between dif-
ferent patient subgroups with normal or abnormal serum
proteins, serum cholesterol, and serum TG using analysis of
variance test. A p-value of < 0.05 was considered significant.
The dISE and ilSE results were compared using Pearson’s
correlation and interinstrument agreement was studied by
making the Bland-Altman plots.

For evaluation of analytical variation, laboratory coeffi-
cients of variation (CVs) were calculated for Na* and K* using
30 data points from previous month’s quality control runs
having manufacturer’s target values of 135 and 111 mmol/L
for Na* and 6.92 and 3.77 mmol/L for K*. For iISE, CV% of
1.4 and 1% were obtained for Na* and K*, respectively,
whereas for dISE, the same were 1 and 0.6%, respectively,
using similar methods with quality control material hav-
ing manufacturer’s target mean of 145 and 5.0 mmol/L for
Na* and K*, respectively. These CVs were simplified and
applied at Na* and K* value of 140 and 4 mmol/L, respectively,
to generate an equivalent standard deviation (SD) for each
analytic method. Note that 95% confidence intervals (CIs)
for difference between dISE and iISE (dISE-iISE) were then
calculated. To find out CI limits for a clinically important dif-
ference between separate samples within individual subjects
over time, assumed biologic variance component was taken
to be 0.6 and 4.6%, respectively, for Na* and K* and was incor-
porated to this analytical variation using a strategy similar to
Dimeski et al.5® Using the formula:

SD?

95%CI 55 455y MMOl/L = £1.96 [(SD?,

+(SD

+
dISE~ISE dISE) (biological))

+SD?

2 )] 12
(iISE) (biological) ’

95% ClIs for dISE-iISE for both Na* and K* were calculated.
Disagreement of |5] mmol/L or higher for Na* and
|0.5| mmol/L or higher for K* was considered clinically
significant. We calculated the number of samples show-
ing clinically significant disagreement that is |5] mmol/L or
higher for Na* and |0.5] mmol/L or higher for K* in each sub-
group, classified as described above.

Finally, we used the fit regression model on Minitab 17
software to develop a regression equation for Diff Na* and
Diff_K* with all the three variables taken into consideration.
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Results

~Fig. 1 depicts the scatterplots of serum Na* and K* concen-
tration obtained by dISE and ilISE. The plots reveal Pearson’s
correlation coefficient (r) of 0.635, p < 0.001 for Na* and r of
0.951, p < 0.001 for K*, respectively (=Fig. 1), signifying much
more incomparability in Na* results between the two tech-
nologies. =Fig. 2 are the Bland-Altman plots showing the
difference of serum Na* and K* concentration measured by
dISE and ilSE plotted against the mean results obtained by
the two methods along with the 95% limits of agreement. As
suggested by Giavarina, if the variability of the differences
were linked to analytical imprecision only, then the aver-
age of these differences would have been zero.’ This was
certainly not observed in our results for Na* that showed an
average difference of 6 mmoL/L. This bias could be constant
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over the whole analytical range or might be an average result
from different problems at different concentrations.

Based on our hypothesis, we assumed that these vari-
ations were due to the differences of proteins and lipids in
the samples and hence proceeded for analysis of the results
in the different subgroups. =Table 1 shows the differences
obtained between dISE and iISE in Na* and K* measurements
in different subgroups of samples. Significant differences
were observed for both Na* (p = 0.025) and K* (p = 0.007)
concentration by dISE and iISE between samples with dif-
ferent protein concentrations. However, effect of serum TG
concentration was not evident on Diff_K* (p = 0.074) or Diff_
Na*. Cholesterol concentration was observed to significantly
affect the differences for both serum Na* (p = 0.006) and
K* (p = 0.028) concentration.

y=0.6694x + 41732
R* = 0.40291

140 150 160 170

Serum Sodium Direct ISE (mmol/L)

Serum Potassium Indirect ISE
(mmol/L)
o

y = 0.9404x + 0.1443
R? = 0.90529

5 (5] 7 i

Serum Potassium Direct ISE (mmol /L)

B

Fig. 1 (A) Comparison of direct ion selective electrode (dISE) and indirect ion selective electrode (ilSE) for the measurement of serum Na*.
Pearson’s correlation coefficient (r): (r: 0.635, p < 0.001). (B) Comparison of dISE and ilSE for the measurement of serum K*. Pearson’s correla-

tion coefficient (r): (r: 0.951, p < 0.001).
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Fig. 2 (A) Bland-Altman plot showing difference of serum Na* concentration measured by direct ion selective electrode (dISE) and indirect
ion selective electrode (ilSE) against mean of two methods showing the 95% limits of agreement. (B) Bland-Altman plot showing difference of
serum K* concentration measured by dISE and iISE against mean of two methods showing the 95% limits of agreement.

Table 1 Differences obtained between direct and indirect ISE electrolyte measurement in patient subgroups

Protein subgroups (g/dL) <5 5-7.9 >8
Number of samples 43 96 56
Difference Na* (dISE-ilSE) 56+4.9 49+34 7.0+5.8°
Difference K* (dISE-ilSE) 0.14+0.17 0.07 £0.22 0.19+0.21°

TG subgroups (mg/dL) <150 150-299 =300
Number of samples 86 53 56
Difference Na* (dISE-ilSE) 5.0+4.6 6.0+4.7 6.1+4.6
Difference K* (dISE-ilSE) 0.09 £0.22 0.11+0.23 0.18+0.18

Cholesterol subgroups (mg/dL) <150 150-299 >300
Number of samples 78 72 45
Difference Na* (dISE-ilSE) 6.6 £4.5° 42+43 6.1+4.8°
Difference K* (dISE-ilSE) 0.16+0.23? 0.07 £0.21 0.14+0.17

Abbreviations: dISE, direct ion selective electrode; ilSE, indirect ion selective electrode; TG, triglycerides.
Note: Values of Diff_Na* and Diff_K* expressed as mean + standard deviation. Analysis of variance (ANOVA) was done to compare the subgroup data.
aSignificant at p < 0.05 when compared with the middle group (i.e., 5-7.9 g/dL for proteins, and 150-299 mg/dL for both TG and cholesterol).
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Table 2 Sample distribution within subgroups with absolute sodium differences 5 mmol/L or higher and potassium differences
0.5 mmol/L or higher between direct and indirect ISE method

Categories Number (total) | Na*(dISE-ilSE) Na* (dISE-ilSE) K* (dISE-ilSE) K* (dISE-ilSE)
2|5| mmol/L < |5] mmol/L 2]0.5| mmol[L < 10.5|] mmol/L
No of samples (%?) | No of samples (%?) | No of samples (%?) | No of samples (%?)
Protein (g/dL) 195 106 (54.4%) 89 (45.6%) 7 (3.6%) 188 (96.4%)
<5 43 23 (53.5%) 20 (46.5%) 0 (0%) 43 (100%)
5-7.9 96 44 (45.8%) 52 (54.2%) 4(4.2%) 92 (95.8%)
>8 56 39 (69.6%) 17 (30.4%) 3 (5.4%) 53 (94.6%)
Total serum 195 106 (54.4%) 89 (45.6%) 7 (3.6%) 188 (96.4%)
cholesterol (mg/dL)
0-149 78 46 (59%) 32 (41%) 5 (6.4%) 73 (93.6%)
150-299 72 34(47.2%) 38 (52.8%) 2(2.8%) 70 (97.2%)
>300 45 26 (57.8%) 19 (42.2%) 0 (0%) 45 (100%)
Total serum 195 106 (54.4%) 89 (45.6%) 7 (3.6%) 188 (96.4%)
TG (mg/dL)
0-149 86 44.(51.2%) 42 (48.8%) 1(1.2%) 85 (98.8%)
150-299 53 29 (54.7%) 24 (45.3%) 4(7.5%) 49 (92.5%)
>300 56 33(58.9%) 23 (41.1%) 2(3.6%) 54 (96.4%)

Abbreviations: dISE, direct ion selective electrode; ilSE, indirect ion selective electrode; TG, triglycerides.

*Percentages are the percent of samples from each subcategory.

The number and percentage of samples showing clini-
cally significant disagreement as calculated above, that is, |5|
mmol/L or higher for serum Na* and |0.5| mmol/L or higher
for serum K* in each subgroup of proteins, TG, and cholesterol
(=Table 2) were calculated. It was seen that clinically signifi-
cant disagreement was seen in lesser number of samples, that
is, (3.6% of the total samples) in case of serum K* individually
in all subcategories of serum proteins, serum cholesterol, as
well as serum TG. On the other hand, high percentage of sam-
ples (54.4%) showed clinically significant difference in con-
centration of serum Na* including all subcategories of serum
proteins, serum cholesterol, as well as serum TG. The effect
of proteins was most pronounced on serum Na* showing dis-
agreement in most of the samples.

There were only 3 samples out of 195 having low con-
centration of both TP and TG. Two out of these three had
clinically significant difference in Na* but not in K* when
compared by measurement with both the methods. However,
there was only one sample with high TP and TG. It did not
show any significant difference in values of serum Na* and K*
when measured by both the methods.

Since clinically significant differences were mostly seen
in Na* values between the two methods, this difference
was plotted against the serum TPs (=Fig. 3A), cholesterol
(=~Fig. 3B), and TG (=Fig. 3C). Finally, using the fit regression
model on Minitab 17 software we developed a regression
equation for Diff Na* with all the three variables taken into
consideration: Diff Na* = 1.89 +0.427 TP + 0.00171 TGs +
0.00266 cholesterol and Diff K* =-0.038 +0.0184 TP +
0.000075 TGs + 0.000120 cholesterol. However, the model
has a fair share of large residuals and unusual data points.

Journal of Laboratory Physicians Vol. 12 No. 2/2020

Discussion

In the present study, we aimed at studying the effect of serum
protein and lipid concentration on electrolyte measurement
to find out whether dISE and iISE can be used interchange-
ably. Usually, POC instruments use dISE and the automated
analyzers used in central laboratories use iISE for the mea-
surements of Na* and K*. Since, use of iISE involves a predilu-
tion step of the sample and calculates the final result based
on the assumption of a constant 7% volume of the serum
to be dissolved solids, this impacts the agreeability of the
results obtained from the two platforms in settings of high
or low protein or lipid content in the serum. In the present
study, we look into the agreement of Na* and K* measure-
ments under different conditions of proteinemia and lipemia.
We also try to come up with a corrective equation using the
serum TP, cholesterol, and TG contents.

First, we compared the overall agreement of Na* and K*
obtained by dISE and ilISE by doing a correlation. It gave a
Pearson’s correlation coefficient of r: 0.635, p < 0.001 for Na*
measurement and r: 0.951, p <0.001 for K* measurement
(=Fig. 1). Many other studies have compared the automated
analyzers and POC blood gas analyzers for measuring serum
electrolytes.®'* In one study on 84 samples, the authors com-
pared the mean difference between Na* and K* measured by
dISE and iISE. They have shown unacceptable interanalyzer
agreement existed for both Na* and K*, with a bias 0f-0.97
to 10.05 and 0.150 to 0.352, respectively. The associated cor-
relation coefficients were 0.90 and 0.88.1°

To find out the interference caused by different levels of
protein, we subdivided the patient samples into three groups
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Fig. 3 (A) Difference between sodium measurements by direct and indirect ion selective electrode (ISE) plotted against different levels of total
serum proteins. (B) Difference between sodium measurements by direct and indirect ISE plotted against different levels of total serum cho-
lesterol. (C) Difference between sodium measurements by direct and indirect ISE plotted against different levels of total serum triglycerides.

with different protein concentrations <5, 5 to 7.9, and >8 g/dL.
Our results show that the differences obtained between
dISE and iISE were significant for both Na* (p = 0.005) and
K* (p = 0.003) between samples of these subgroups. A few
other studies show the effect of electrolyte exclusion by study-
ing the effect of proteins'*'> on electrolyte measurement.

Pseudo-hyper effect due to low protein concentration and a
pseudo-hypo effect with high plasma protein concentrations
in all three analytes Na*, K*, and CI* have also been shown. The
maximum disagreement was shown by plasma Na* measure-
ment against different TP concentrations. Accurate predictive
values were not calculated by the authors with changes in

Journal of Laboratory Physicians Vol. 12 No. 2/2020

89



90

Protein and Lipid Interference on Electrolyte Measurement

protein concentrations as the relationship was nonlinear.!
Somewhat strong correlation between differences in dISE
and iISE values of Na* measurements and albumin concen-
tration was found in another study done on 300 critically ill
patients, concluding that central laboratory (having iISE) and
intensive care unit assays (dISE) are different for Na* in all
ways, analytically, statistically, and clinically.'

In one study, where patients were being given intravenous
immunoglobulin (IVIG) infusion raised serum proteins and
postinfusion serum Na* results were lower measured by ilSE,
though not significant (pre- and post-IVIG infusion: 141 *
5 mEq/L vs. 138 + 2 mEq/L by iISE).’® In another study from
190 patients with hypoproteinemia, serum Na* and K* mea-
surements were higher (p <0.0001) using iISE (140.0 £ 5.0
and 4.5 £ 0.6, respectively) compared with dISE (136.5 £ 5.2
and 4.5 £ 0.6, respectively). The calculated difference
between iISE and dISE values for Na* increased as TP con-
centration decreased. They also found out that iISE as com-
pared with dISE had wrongly classified 28% of samples. Out
of these, 19% were classified as pseudonormonatremia, 8%
as pseudohypernatremia, 0.8% as pseudonormokalemia, and
0.4% as pseudohyperkalemia resulting in significant misclas-
sification of electrolyte, mainly Na*."”

Next, to study the effect of lipids on electrolyte measure-
ment, we subdivided patients with serum TG and cholesterol
concentration >300, between 150 and 299, and < 150 mg/dL.
Not many studies have shown the effect of lipids'® on electro-
lyte exclusion. One such study showed that hyperlipidemia
caused errors in iISE measurements. All three electrolytes,
that is, Na*, K*, and Cl-, determined by the ilISE as a result
of hyperlipidemia showed artifactual decrease in values:
for every 10 mmol/L increase in total lipid concentration,
Na* and CI* decreased by 1 mmol/L and K* by 0.04 mmol/L.!$
They recommended that if the specimen is overtly lipemic or
viscous it can be ultracentrifuged prior to analysis by indirect
measurement of the aqueous part or infranatant. When dISE
methods and ultracentrifuges are unavailable, use of correc-
tive formulae to handle severely lipemic samples had been
suggested.!®

Another study showed the effect of artificially induced
lipemia and checked for its interference in measurement of
electrolytes by two different instruments both measuring
electrolytes by dISE. They showed a significant decrease in
the concentration of Na* and K* with increased lipemia show-
ing a drift in the results.!

We have studied the effect of both proteins as well as lip-
ids on the measurement of electrolytes by both dISE and iISE
showing a high variation in results by both the methods that
can be seen in the Bland-Altman plots showing disagree-
ment or wider range of 95% Cl especially in case of serum Na*.

To ensure accuracy in our results, we used external quality
assurance program for our autoanalyzers and achieved good
results. However, since the dISE instrument was not enrolled
with any External Quality Assurance Services program, we
ensured accuracy by split sample testing and comparison
with iISE. We also used the controls of autoanalyzers as

Journal of Laboratory Physicians Vol. 12 No. 2/2020
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sample in the dISE instrument after every 40 samples and
checked whether the value was within range.

However, the matrix of the calibrators used is not the
same as the human samples which is a limitation and can
affect the results because apart from the proteins and lip-
ids there are other cations and anions that can interact with
the membrane and alter the results differently in dISE and
iISE. In our study, we have considered a difference of more
than + 5 and + 0.5 mmol/L in Na* and K*, respectively, when
measured by dISE and iISE as clinically significant difference
based on the calculations taking 95% CI as our limit. This
limit is well within range given by the U.S. Clinical Laboratory
Improvement Amendments (CLIA) 1988 guidelines for K*.2°
For Na*, the limit given by the CLIA guidelines is +4 mmol/L."®
In spite of taking + 5 mmol/L as our limit, which is more than
the recommended limit, the number of samples showing dis-
agreement were high. This difference also takes into account
the biological variation in the samples. Any difference less
than this was considered not to be due to analytical errors and
hence acceptable. The percentage of samples showing agree-
ment between dISE and iISE concentration were much higher
in case of K* in all ranges of proteins, lipids, and cholesterol.
However, the values of serum Na* showed disagreement in
a much greater number of samples. This disagreement can
have large clinical implications in case of critically ill patients
or those with electrolyte disturbances. Though it may be
unimportant in other group of patients, serial monitoring of
patients if done by different methods, that is, dISE and iISE,
can cause confusion or wrong decisions to be taken due to
their disagreeing results.

Several reports have been published till date, showing
correlation of high protein or lipid levels with pseudohypo-
proteinemia in iISE; however, in our study we tried to eval-
uate the simultaneous effect of serum TP, TC, and TG on Na*
and K* estimation. Contrary to our expectations based on
previous literature, iISE and dISE results appear to match
better at higher protein and TG concentrations. This prob-
ably is observed due to combined effects of TP, TC, and TG
and other unknown factors present in various concentration
ranges in the patient samples. For example, patients having
high concentration of TG may have had normal to low con-
centrations of TC or TP. Interferences from medications, etc.
cannot also be ruled out. The regression equation for Diff_Na
is an attempt to look into the individual proportion of effects
due to the known individual factors, however, needs further
studies for validation.

Normal electrolyte concentration falsely reported as
decreased or increased as normal can have serious conse-
quences for clinical safety. These can cause potential errors
in clinical decision-making and patient management. These
can be avoided by electrolyte measurements done either by
direct potentiometry or using the same method every time
while monitoring the concentrations of same patient to avoid
ambiguous results. Also, if result from a lipemic or hyperpro-
teinemic sample is recognized as being misleading, one sug-
gested approach is to estimate the serum water fraction.!”?!
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Conclusion

Interchangeable use of electrolytes results from dISE and iISE
is not advisable in a setting of hyperproteinemia or hyper-
triglyceridemia. No correlation could be established: hence,
other factors may also play a role in the development of
discrepancies
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