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To the Editor,

The physiological approach is a serviceable method for
interpreting acid-base disorders [1, 2]. The anion gap can
be helpful in narrowing the differential diagnosis in a
patient with metabolic acidosis. Metabolic acidosis due to
the presence of an additional acid (endogenous or exog-
enous) usually results in an increased anion gap, whereas

loss of bicarbonate typically results in a hyperchloremic
metabolic acidosis, with a normal anion gap. Tradition-
ally, the anion gap has been calculated from plasma
values obtained on routine chemistry analysers in the
laboratory [3]. With the availability of (bedside) electro-
lyte measurement in arterial blood gases (ABG), clinicians
can evaluate metabolic acidosis rapidly by calculation of
the anion gap from the ABG sample. Recently, we noticed
that there were substantial differences between the anion
gap obtained by ABG (ABL835, Radiometer), compared to
the laboratory anion gap, calculated with concentrations
obtained in plasma on the routine chemistry analyser
(Cobas C-modules, Roche DX).

To assess the extent of the observed differences,
electrolyte measurements and resulting anion gaps

Table 1: Comparison of mean electrolyte concentrations and the anion gap in arterial blood gas and venous plasma.

ABG (whole blood) Venous plasma A Mean 95% LoA ICC agreement
Sodium, mmol/L 138.115.6 137.615.2 0.51 -4.24;5.28 0.945
Potassium, mmol/L 4.3+1.0 4.3+1.1 -0.03 -0.74;0.68 0.968
Chloride, mmol/L 105.1+6.0 101.1+6.2 3.99 -2.63;10.61 0.821
Anion gap, mmol/L 15.94£5.6 19.4%6.3 -3.47 -11.1; 4.2 0.806
Bicarbonate, mmol/L 17.1+4.8 - - - -

Data are expressed as meantstandard error of the mean. Anion gap=sodium—(chloride+bicarbonate), using the sodium and chloride
concentrations of arterial whole blood and venous plasma, respectively. ABG, arterial blood gas; ICC, intraclass correlation coefficient;

LoA, limits of agreement.
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Figure 1: External control and master comparison results on different platforms.

(A) Mean concentration of yearly external electrolyte quality control samples (SKML 2014, The Netherlands) as measured on different chem-
istry analysers (n=number of measurements). The dotted line is the SKML-assigned mean reference concentration: Chloride concentra-
tions. (B) as A: Sodium concentrations. (C) Mean concentration of external quality assessment survey with 20 fresh frozen, single donation
samples (Mastercomparison 2014 STT consulting/UGent). The dotted line is the all manufacturer trimmed mean concentration: Chloride
concentrations. (D) As C: Sodium concentrations. (E) Mean concentration of yearly external electrolyte quality control samples (SKML 2014,
The Netherlands) as measured on different blood gas analysers (n=number of measurements). The dotted line is the SKML-assigned mean
reference concentration: Chloride concentrations. (F) as E: Sodium concentrations. Differences between assigned reference concentration
and measured concentration are significant at p<0.05 (¥); at p<0.01 (**). Error bars indicate standard errors of the mean.
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were compared in simultaneously drawn arterial blood
and venous plasma samples of 529 patients that had
visited the emergency department during the last 3
years. On average the anion gap was -3.47 mmol/L
lower (95% LoA: -11.2; 4.1) when calculated from ABG
values compared to venous measurements (Table 1).
A closer look at the electrolyte concentrations indicated
that, especially the chloride concentrations are signifi-
cantly lower when measured in venous plasma samples
(Table 1).

Of the 529 included patients, 269 (51%) had a meta-
bolic acidosis (pH <7.35; bicarbonate <22 mmol/L). The
differences in anion gap were large enough to be clini-
cal relevant. Twenty-five patients with a metabolic aci-
dosis (9%) had a normal anion gap according to ABG
measurements, but an increased anion gap with plasma
electrolytes. This could potentially result in a different dif-
ferential diagnosis, and thus treatment. It should be noted
that for both anion gaps ABG bicarbonate was used. While
venous plasma bicarbonate is usually higher (approx. 1
mmol/L), calculating the anion gap with venous measure-
ments exclusively will result in slightly lower anion gaps
than reported here.

Ideally, the platform or chemistry analyser used,
should not influence the measurement of electro-
lytes. In practice, even differences are found when the
(average) concentrations of external quality control
samples, measured on different platforms, are com-
pared (Figure 1). Figure 1A indicates that both Roche-
Cobas and Roche-Modular find significantly lower
chloride concentrations than assigned (dotted line).
The other analysers listed, besides Beckman/AU, do not
show this deviation. The deviation of Beckman/AU may
be due to the limited number of results. The observed
difference of approximately 1.5 mmol/L in the external
quality control does not fully explain the observed dif-
ference in the anion gap. However, when a comparison
is made with 20 patient samples (Figure 1C) instead
of control samples, the differences between Cobas
modules and other platforms become more pronounced.
The average difference of approximately 3.5 mmol/L is in
agreement with the observed discrepancy in the anion
gap. Figure 1B and D show that a similar difference in
control or patient samples is not observed for sodium;
the average concentrations measured on Cobas modules
agree well with the assigned (reference) values (dotted
line). Figure 1E and F indicate that the blood gas ana-
lyser used (Radiometer; ABL835) measures chloride and
sodium accurately.

Due to known difference between direct and indirect
electrolyte measurements, it is recommended to adjust
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blood gas analyser results to make these comparable
with direct measurements [4]. However, here the low
chloride concentrations measured by the Cobas C-mod-
ules lead to higher anion gaps compared to ABG-anion
gaps. In other words, even chemistry platforms (only
indirect measurements) measure different chloride
concentrations. For now, a correction factor is imple-
mented to increase the chloride concentrations found
on the routine chemistry analyser to a more factual
concentration.

In conclusion, we describe a situation where the anion
gaps, and thus clinical conclusions, depend on the ana-
lyser used. We are not the first to note differences in elec-
trolyte concentration between ABG whole blood samples
compared to venous plasma. Differences in sodium as
well as chloride concentrations have been reported [5]. In
this study, the observed difference could be traced back
to consistently lower chloride concentrations in venous
plasma samples compared to ABG and external quality
control reference concentrations. For now, a practical
solution to obtain a workable situation was chosen: a cor-
rection factor for chloride concentrations measured on the
chemistry analysers has been implemented. However, this
is neither desirable nor necessary, as others have reported
similar problems >10 years ago [5]. Standardisation of
sodium has been largely accomplished, it is now time for
diagnostic companies to standardise chloride measure-
ments as well.
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