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To the Editor,

The clinical chemist has a pivotal role in recognizing
analytical interference of medication in diagnostic labo-
ratory assays [1, 2]. Timely signaling of interference can
lead to a reduction in diagnostic errors and therefore to
increasedpatient safety andquality of care. In our hospital,
a 26-year-old man presented with amiodarone-induced
thyrotoxicosis (TSH<0.015 mIU/L, FT4>77 pmol/L), for
which a combined therapy of thiamazole (Strumazol
30 mg, one time each day) and sodium perchlorate
(500 mg, two times each day) was started (written consent
was obtained from the patient). Soon afterward unex-
plainably low sodium (Na+) and ionized calcium (Ca2+)
concentrations were obtained, which prompted the endo-
crinologist to contact the laboratory, not sure whether
electrolyte treatment should be started. The concentra-
tions, measured on the RAPIDPoint 500 blood gas analyzer
(Siemens Healthineers, Erlangen, Germany), were highly
discrepant with the results of the AU5811 chemistry
analyzer (Beckman–Coulter, Brea, CA, USA). Na+ levels
were about 10 mmol/L lower at RAPIDPoint 500 (Figure 1).
In addition, ionized Ca2+ levels as low as 0.5 mmol/L
(reference interval: 1.15–1.32 mmol/L) were reported, while
total calcium levels were normal.

Perchlorate is a potent competitive inhibitor of the
sodium/iodide symporter, which is used in the perchlorate
discharge test to identify organification defects and for
treating amiodarone-induced thyrotoxicosis type I [3].
Interference of perchlorate with ionized Ca2+ measure-
ments has been described before for several blood gas
analyzers, but no effects on Na+ levels were mentioned [4,
5]. Therefore, we compared electrolyte measurements at
RAPIDPoint 500 and AU5811 in the presence of a range of
perchlorate concentrations. As many wards in our hospital
rely on i-STAT point-of-care analyzers (Abbott Labora-
tories, Chicago, IL, USA) for electrolyte measurements, we
also included this analyzer in our comparison.

Sodium perchlorate concentrations in vivo depend on
dose, intake frequency, distribution volume and kidney
function. In 11 patients receiving perchlorate, plasma
concentrations ranging from 0.031 to 2.75 mmol/L were
obtained by Gruber et al. using a perchlorate-selective
electrode [5]. Therefore, we decided to analyze sodium,
potassium (K+), chloride (Cl−) and calcium (RAPIDPoint/i-
STAT: ionized Ca2+; AU5811: total calcium) levels in the
presence of perchlorate with plasma concentrations
ranging from 0.05 to 4 mmol/L (sodium perchlorate was
dissolved and diluted). We used pooled anonymous left-
over blood samples (BD Vacutainer lithium heparin
4.0 mL) for which a maximal pH difference of 0.05 within 1
dilution series (max. 0.03 mmol/L ionized Ca2+) was
allowed. RAPIDPoint 500 and i-STAT analyses were per-
formed inwhole blood,whileAU5811 analyseswere carried
out in derived plasma. The measured Na+ levels were cor-
rected for the added amount as part of sodium perchlorate.

Perchlorate levels of 1 mmol/L and higher induced
clinically significant decreases of the Na+ concentration
whenmeasured on RAPIDPoint 500 (Figure 2A). At 4 mmol/
L, perchlorate caused 11.5 mmol/L (8.2%) reduction of the
Na+ concentration (Supplementary Figure 1A). Na+ mea-
surements at i-STAT and AU5811, however, were hardly
influenced by perchlorate. Cl− levels at RAPIDPoint 500
significantly increased in response to perchlorate, with a
maximal increase of 21.3 mmol/L, while AU5811 Cl− levels
only showed a minor rise (Figure 2B, Supplementary
Figure 1B). Perchlorate interference with i-STAT Cl− analysis
was not investigated, because the CG8+ cartridge used in
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our hospital for electrolyte and blood gas analyses does not
support Cl− measurement. The cartridge that includes the
Cl− electrode (EC8+) is not in use in our country. The
large effect of perchlorate on ionized Ca2+ measurements
using RAPIDPoint 500 was similar to that reported before
for related Siemens blood gas analyzers (Figure 2C,

Supplementary Figure 1C) [4, 5]. The i-STAT ionized Ca2+

measurements were only slightly less affected by perchlo-
rate. AU5811 total calcium levels were stable over all
perchlorate levels (Supplementary Figure 2). K+ was found
to be the least perchlorate-sensitive parameter of RAP-
IDPoint 500, although4mmol/Lperchlorate induceda 5.4%
decrease (Figure 2D, Supplementary Figure 1D). i-STAT K+

levels showed a larger reduction (6.9%), while AU5811
measurements remained fully stable. The interference of
perchlorate with electrolyte analysis at RAPIDPoint 500was
observed despite the so-called “retrocal” mode (internal
compensation mechanism of the blood gas analyzer when
possible interference is detected) being active.

If a patient receives perchlorate therapy, the i-STAT is a
good alternative for RAPIDPoint 500 to measure Na+ levels
using the commonly applied CG8+ cartridge. In addition,
all studied electrolytes can be reliably measured on
AU5811, with the exception of Cl− in the presence of
4 mmol/L perchlorate. For calcium, measurement of the
total level on AU5811 is the most reliable option. Alterna-
tively, a perchlorate-insensitive direct ISE (ion-selective

Figure 1: Na+ levels measured for the patient described in the
introductory paragraph receiving sodium perchlorate.
Sodium perchlorate therapy was started 5 days before the first Na+

measurement was performed (on day 0), andwas continued till day 6.

Figure 2: Normalized Na+ (A), Cl− (B), ionized Ca2+ (C), and K+ (D) levels measured in sodium perchlorate-spiked whole blood or derived
plasma (electrolyte level in absence of perchlorate=100%).
Measurements were performed at RAPIDPoint 500, i-STAT and AU5811. Sodium perchlorate concentrations are reported as plasma levels
(corrected for hematocrit as spiking was performed in whole blood). All values are presented as means of measured concentrations ± SEM
(standard error of mean) from n=3 independent experiments.
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electrode) method may be used [5]. In contrast to many
other situations (e. g., pseudohyponatremia), analysis us-
ing indirect ISE is less sensitive to perchlorate than some
direct ISE methods, probably because its 10× dilution step
decreases the amount of perchlorate in the measuring cell.
Up to now, however, there is no evidence that Na+ and Cl−

analyses of other direct ISE methods are susceptible to
perchlorate interference.

The RAPIDPoint 500 Na+ and Cl− electrodes were
found to be fairly sensitive to perchlorate. Interestingly, in
previous reports no effect of perchlorate on Na+ or Cl−

measurements of Siemens RAPIDPoint 405, RAPIDLab
405 and RAPIDLab 865 blood gas analyzers was
mentioned [4, 5]. Only a few substances were reported to
interfere with Na+ measurements on blood gas analyzers,
such as benzalkonium heparin and nortriptyline [6, 7].
The interference of nortriptyline was only observed for
RAPIDPoint 500 and was specific for Na+ [7]. The authors
suggested that the Na+-selective ionophore in the mem-
brane of the electrode was also susceptible to nortripty-
line. Selectivity issues of Cl− electrodes containing
quaternary ammonium or phosphonium salts as anion
exchangers are a known phenomenon. The selectivity of
the Cl− electrode is determined by the relative free sol-
vation energy, which is more favorable for anions with a
higher polarizability or lipophilicity such as bromide,
iodide, nitrate, thiocyanate, salicylate and bicarbonate
[8]. As part of medication these components can lead to
falsely increased Cl− levels. Perchlorate, beingmuchmore
lipophilic than chloride, can also interfere with potenti-
ometric Cl− analysis [9]. These selectivity issues may have
caused the observed perchlorate interference on Na+ and
Cl− analyses, although the exact composition of RAP-
IDPoint 500 electrodes is unknown.

Perchlorate interference leads to a combineddecrease of
Na+ and increase of Cl− levelswhenmeasured at RAPIDPoint
500, which makes a calculated anion gap highly unreliable.
Even anegativeanion gapmaybeobtained, butmore subtle,
a falsely declined anion gap may hide the presence of a
clinically relevant anion fraction. Only sequential analysis
of the electrolyte concentrations using different analyzers
or measurement of the osmolality will reveal the erroneous
result. Moreover, inappropriate correction of electrolyte
levels can negatively impact patients’ health. Therefore,
knowing the sensitivity of each of the electrolyte analyzers
on one’s laboratory to perchlorate is highly relevant.

Based on our perchlorate titration data, the patient’s
in vivo sodium perchlorate plasma concentration prob-
ably was ∼4 mmol/L. This level is higher than found

before, and much higher than ∼0.3 mmol/L which can
be calculated from a 1,000 mg dose each day and distri-
bution volume of 0.34 L/kg [5, 10]. As perchlorate is
excreted by the kidneys (half-life≈7.5 h), the high in vivo
concentration may be related to the decreased kidney
function of the patient – known with Becker muscular
dystrophy – who was suffering from myositis during the
thyrotoxic phase [10].
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