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Abstract

To clarify whether commercially available handheld iCa, K*, and Na* devices may be used
clinically, precise and accurate evaluations were performed using the handheld analyser i-STAT
1 as the standard device. Point-paired whole blood samples were obtained from 45 cattle and
19 horses. Data obtained using LAQUAtwin Ca-11C, K-11, and Na-11 correlated with those
using i-STAT 1. LAQUAtwin devices were ‘compatible’ with i-STAT 1 because the frequency
of differences between measurements within + 20% of the mean was 95.5% in cattle and
94.7% in horses for iCa, 92.7% in cattle and 92.9% in horses for K*, and 100% in both for Na*.
No proportional bias was observed between i-STAT 1 and LAQUAtwin Ca-11C and K-11
because the 95% CI for the intercept and slope were 0 and 1, respectively. LAQUAtwin Na-11
showed a good correlation with i-STAT 1 measurements of Na* concentrations in the whole blood
of cattle and horses; however, measured values were approximately 4 mM lower with the former.
Therefore, the LAQUAtwin series may be applied as a simplified system for measuring iCa, K,
and Na' concentrations in the whole blood of cattle and horses under field conditions; however,
caution is required because Na* values were lower than those with i-STAT 1.

Bovine, electrolyte, equine

The addition of potassium and calcium to resuscitation fluids, such as Acetated Ringer’s
and Lactated Ringer’s solution, is one of the most common veterinary practices for
cattle and horses (Constable et al. 2020; Fielding et al. 2023). However, if the blood
ionized calcium (iCa) and potassium (K*) dynamics of an animal requiring fluid therapy
for resuscitation are unknown, there is a risk of serious cardiac events due to excessive
administration. Furthermore, hypokalaemia is common in lactating dairy cattle with
abomasal displacement, clinical mastitis, and retained placenta as well as in heifers and
horses with a low feed intake (Megahed et al. 2019). Therefore, when adding calcium
and/or potassium to fluids for resuscitation purposes in clinical practice, accurate
information on iCa and K* concentrations in the whole blood of animals is essential.
Before the administration of fluid therapy for cattle and horses, infusion fluids need to
be selected based on electrolyte concentrations in whole blood and sequential changes
in electrolyte concentrations in whole blood also need to be monitored during and after
infusions (Wenge-Dangschat et al. 2020; Marcom et al. 2024; Wilms et al. 2024).
Melo et al. (2022) suggested the importance of monitoring the blood gas and electrolyte
balance in horses with food restriction under nutritional support or prolonged fluid therapy
in order to promptly correct for any changes (Melo et al. 2022).

Blood iCa, K*, and Na* concentrations are generally measured using conventional and
handheld blood gas analysers in diagnostic laboratories and teaching animal hospitals,
which are not suitable for farm animal practice fluid therapy often performed under on-
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farm conditions. i-STAT 1 (Abbott Point-of-Care, Abbott Laboratories, Chicago, IL, USA)
is a popular point-of-care (POC) analyser for bovine practice (Bleul and Gotz 2014;
Ro et al. 2022) and out-of-hours primary care (Hayward et al. 2020) that measures blood
gases and several electrolytes. Although i-STAT 1 is an excellent portable blood gas and
electrolyte measuring device (Oyaert et al. 2018), due to the cost of cartridges, it is not
economically feasible for frequent and repeated measurements in clinical practice with
economic animals, such as cattle on farms. LAQUAtwin meters (LAQUAtwin Ca-11C,
HORIBA Advanced Techno, Kyoto, Japan) are handheld direct ion-selective electrode
meters for general-purpose water quality testing, and have become available for the
measurement of iCa, K, and Na concentrations and electrical conductivity in biological
fluids (Goulet etal. 2017; Goulet and Baker 2017; Kandeel etal. 2019; Megahed etal.
2019). Therefore, the present study evaluated the optimized ion-selective electrode Ca, K, and
Na module devices, the LAQUAtwin Ca-11C (iCa), K-11 (K*), and Na-11 (Na") measuring
devices, respectively, as potential cow and horse-side devices for electrolyte measurements
in whole blood within the broad ranges expected for electrolyte abnormalities. The accuracy
of the LAQUAtwin series was assessed using i-STAT 1 as the gold standard method.

Materials and Methods

All procedures were performed in accordance with the Guide for the Care and Use of Laboratory Animals
of the School of Veterinary Medicine at Rakuno Gakuen University (Approved #: VH22C7). The health status
of the cattle and horses tested animals was normal.

In the present study, i-STAT 1 (Abbott Point-of-Care, Abbott Laboratories, Chicago, IL, USA) was used
to evaluate the accuracy and clinical usefulness of general-purpose electrolyte measuring devices as POC for
bovine and equine blood iCa, Na*, and K* concentrations. A portion of blood samples was used for immediate
determination of blood K*, Na*, and Cl concentrations using the i-STAT equipped with EC8+ cartridges. The
EC8+ cartridges were stored in a refrigerator (4-8 °C) and the cartridges were used before the expiration date.
Each cartridge was allowed to warm for 10 min in the ambient temperature before using. The i-STAT control
solutions were administered to 2 cartridges out of each cartridge batch. The i-STAT and auto-analyser were
calibrated and used in accordance with their manufacturers’ specifications.

The commercially available general-purpose electrolyte measuring ion-selective electrode handheld devices
used to measure iCa, Na*, and K" concentrations in the whole blood of cattle and horses in this study were
LAQUAtwin Ca-11C, Na-11, and K-11 (Horiba Advanced Techno, Co., Ltd., Kyoto, Japan), respectively
(Plate 1, Fig. 1A).

Whole blood obtained from 30 Holstein beef steers (147.7 + 14.9 days old; mean + standard deviation [SD])
at a commercial farm and 9 riding horses (15.0 + 4.5 years old, 2 geldings and 7 mares) at a horse-riding club
were used for precision and accuracy control testing of the POC devices. The whole blood of 30 steers was
directly measured for iCa, Na“, and K* concentrations using i-STAT 1 and LAQUAtwin on-farm condition.
In addition, an equal volume of saline (Nihon Zenyaku Kogyo Co., Ltd., Fukushima, Japan) or 1/2 Ringer’s
solution (Nihon Zenyaku Kogyo Co., Ltd.) was added to whole blood samples randomly collected from 7 and
8 steers to change electrolyte concentrations. Therefore, 45 point-paired samples were prepared from 30 steers.
Electrolyte concentrations in the whole blood of 9 riding horses at the horse-riding club were directly measured
using POC devices with the same approach. Saline and 1/2 Ringer’s solution were added to whole blood samples
from 5 horses to vary electrolyte concentrations. Therefore, 19 point-paired samples were prepared from 9 horses.

Whole blood samples were collected via jugular vein venipuncture using an 18-gauge regular bevel needle
and 5 ml syringe (Terumo Co., Ltd., Tokyo, Japan). Heparin sodium solution (AY Pharma, Co., Ltd., Tokyo,
Japan) was added to the syringe to a final concentration of 10 IU/ml when filled with 5 ml of blood (50 pl
of 1,000 TU/ml heparin sodium solution/syringe). The appearance and operation of the LAQUAtwin devices are
shown in Fig. 1B and 1C (Plate I). The details are as follows: Immediately prior to measurements of electrolyte
concentrations by these devices, a drop of blood (> 0.3 ml) from a syringe was applied directly to the end of a test
strip for LAQUAtwin. The MEAS button was pressed after closing the light cover of LAQUAtwin, and results
immediately appeared on the display. The duration from the initiation of the calibration to results being displayed
was less than 3 min. Whole blood iCa, Na*, and K* measurements by LAQUAtwin devices were performed
in duplicate, and mean values were used in statistical analyses.

The i-STAT 1 was used at a temperature range of 17 to 30 °C, while the LAQUAtwin devices were used beside
both steers and horses regardless of the outside temperature. Therefore, measurements of blood iCa, Na*, and K*
concentrations by i-STAT 1 and LAQUAtwin were performed beside both steers and horses when the outside air
temperature ranged between 17 and 30 °C.

Whole blood iCa, Na*, and K™ measurements by LAQUAtwin devices were performed in duplicate, and mean
values were used in statistical analyses.



Statistical analysis

Data were analyzed by a Deming regression analysis and Bland-Altman plots using a commercial statistical
software program (MedCalc ver 22.030, MedCalc Software Ltd., Ostend, Belgium). The Kolmogorov-Smirnov
test was performed to assess whether the data population was normally distributed, and a non-normal distribution
was ruled out when P > 0.05. In the present study, the ratio of the difference between paired measurements to the
mean was defined as the ‘relative error (RE)’. If the number of measurements with RE of £10% or less was within
75% of the total number of measurements, it was considered to be ‘compatible’ (Critchley and Critchley
1999). The significance of differences was set at P <0.05.

Results

Data are plotted with LAQUAtwin Ca-11C (Plate I, Fig. 2), K-11 (Plate II, Fig. 3) and
Na-11 (Plate II, Fig. 4) on the y-axis and i-STAT 1 as a reference method on the x-axis
under field conditions for steers and horses, respectively.
iCa

The Deming regression analysis of steers revealed an intercept = —0.0162 (95%
CI = —0.0600 to 0.0276) and slope = 0.9990 (95% CI = 0.9604 to 1.0376). The Deming
regression analysis of horses revealed an intercept =—0.0374 (95% CI=-0.2014 to 0.2763)
and slope = 0.9089 (95% CI = 0.7621 to 1.0556). These results suggested that there was
no proportional bias between i-STAT 1 and LAQUAtwin Ca-11C under field conditions
because 95% CI for the intercept and slope were 0 and 1, respectively. Concordance
correlation coefficients in cattle and horses were 0.9863 (95% CI = 0.9750 to 0.9925)
and 0.9636 (95% CI = 0.9059 to 0.9862), respectively, which indicated almost perfect
performance.

Based on the Kolmogorov-Smirnov test, the accuracy of LAQUAtwin Ca-11C was
similar to that of i-STAT 1, which is a POC device with a confirmed accuracy (P > 0.05).
Overall, 100 and 94.7% of observations in cattle and horses were between 95% CI in the
Bland-Altman plot, demonstrating good agreement. In addition, LAQUAtwin Ca-11C was
‘compatible’ with i-STAT 1 because the frequency of differences between measurements
within £ 20% of the mean was 95.5% in cattle (44/45, > 75%) and 94.7% in horses
(18/19, > 75%).

K+

The Deming regression analysis of steers revealed an intercept = 0.0156 (95%
CI = —0.2620 to 0.2932) and slope = 0.9502 (95% CI = 0.8859 to 1.0145). The Deming
regression analysis of horses revealed an intercept =—0.1729 (95 %CI=—-0.8170 to 0.4713)
and slope = 1.0102 (95% CI = 0.8357 to 1.1847). These results suggested that there was no
proportional bias between i-STAT 1 and LAQUAtwin K-11 under field conditions because
the 95% CI for the intercept and slope were 0 and 1, respectively. Concordance correlation
coefficients in cattle and horses were 0.9450 (95% CI = 0.8986 to 0.9705) and 0.9923 (95%
CI =0.9751 to 0.9976), respectively, which indicated almost perfect performance. Based
on the Kolmogorov-Smirnov test, the accuracy of LAQUAtwin K-11 was similar to that
of i-STAT 1, which is a POC device with confirmed accuracy (P > 0.05). Overall, 95.0 and
93.3% of observations in cattle and horses, respectively, were between the 95% CI in the
Bland-Altman plot, demonstrating good agreement. In addition, LAQUAtwin K-11 was
‘compatible” with i-STAT 1 because the frequency of differences between measurements
within = 20% of the mean was 92.7% in cattle (37/40, > 75%) and 92.9% in horses
(14/15, > 75%).

Na*
The Deming regression analysis of steers revealed an intercept = —24.552 (95%
CI=-31.9724 to —17.1315) and slope = 1.145 (95% CI = 1.0901 to 1.1998). The Deming
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regression analysis of horses revealed an intercept = —20.595 (95% CI = —33.4481
to —7.7420) and slope = 1.1215 (95% CI=1.0271 to 1.2160). These results suggested
that there was proportional bias between i-STAT 1 and LAQUAtwin Na-11 under field
conditions because the 95% CI for the intercept and slope were not 0 or 1, respectively.
On the other hand, concordance correlation coefficients for cattle and horses were very high
at 0.9866 (95% CI =0.9756-0.9927) and 0.9919 (95% CI = 0.9785-0.9969), respectively,
which indicated almost perfect performance. A plot of residuals between LAQUAtwin
Na-11 and i-STAT 1 results against their means revealed that LAQUAtwin Na-11 readings
were 4.6129 and 3.9651 mM lower on average in cattle and horses, respectively. Based
on the Kolmogorov-Smirnov test, the accuracy of LAQUAtwin Na-11 was similar to
that of i-STAT 1, which is a POC device with confirmed accuracy (P > 0.05). Overall,
97.8 and 94.7% of observations in cattle and horses were between the 95% CI in the
Bland-Altman plot, demonstrating good agreement. In addition, LAQUAtwin Na-11 was
‘compatible’ with i-STAT 1 because the frequency of differences between measurements
within £ 10% of the mean was 100% in cattle (45/45 > 75%) and 100% in horses
(19/19,>75%). LAQUAtwin Na-11 showed a good correlation with i-STAT 1 measurements
of Na* concentrations in the whole blood of cattle and horses; however, measured values
were approximately 4 mM lower with the former.

Discussion

The LAQUAtwin series are reliable and provide a similar degree of accuracy to more
expensive analysers as general-purpose water quality testing equipment; however, interunit
measurement errors remain unknown. In this precision and accuracy-controlled study
conducted at a farm and horse-riding club, blood obtained from cattle (steers) and horses
was assessed and compared using commercially available ion-selective electrode handheld
iCa (LAQUAtwin Ca-11C), K* (LAQUAtwin K-11), and Na" (LAQUAtwin Na-11) meters
and the handheld analyser i-STAT 1. Based on these results, LAQUAtwin Ca-11C and K-11
may be applied as a simplified system to measure iCa and K™ concentrations in bovine and
equine whole blood under field conditions.

Based on comparisons of the methods, it may be concluded that results are ‘compatible’
when the degree of agreement between the new method and standard method is good.
In the present study, the ratio of the difference between paired measurements to the mean
was defined as RE. If the number of measurements with RE of + 10% or less is within 75%
of the total number of measurements, it is considered to be ‘compatible’ (Critchley and
Critchley 1999).

Clinical trials conducted cow-side in the farm environment and horse-side in the horse-
riding club environment revealed that the high accuracy of whole blood iCa, K, and
Na*" measurements by the LAQUAtwin devices was similar to that of i-STAT 1 as the
reference device. The results obtained suggested that there was no proportional bias
between i-STAT 1 and LAQUAtwin Ca-11C and K-11 under field conditions because
the 95% CI for the intercept and slope were 0 and 1, respectively. Although LAQUAtwin
Na-11 also showed a good correlation with i-STAT 1 measurements of Na* concentrations
in the whole blood of cattle and horses, measured values were approximately 4 mM lower
with the former. It was not unclear why the LAQUAtwin Na-11 device measured the
sodium concentrations lower than the i-STAT 1 by approximately 4 mM. It is possible for
a systematic error to occur. Therefore, we can diagnose the clinical relevance for veterinary
use. Based on these results, the LAQUAtwin series may be applied as a simplified system
for measuring iCa, K*, and Na* concentrations in the whole blood of cattle and horses
under field conditions; however, caution is required because Na* values are lower than
those with i-STAT 1. Therefore, LAQUAtwin may be beneficial for dairy practitioners
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as a screening tool for subclinical hypocalcaemia and/or hypokalaemia because no other
low-cost method is currently available in the out-of-hours clinical field, and it represents
a significant advance in the dairy and horse industries.

Conflict of interest

None of the authors have any financial or personal relationships that may have inappropriately influenced
or biased the content of the paper. The authors declare no off-label use of antimicrobials and no humane ethics
approval was needed for this study.

Acknowledgement

The authors thank Dr. Maeda M, Mr. Murotsuki R, and Mr. Ryoha for their assistance.

References

Bleul U, Gotz E 2014: Evaluation of the i-STAT portable point-of-care analyzer for determination of blood gases
and acid-base status in newborn calves. J Vet Emerg Crit Care (San Antonio) 24: 519-528

Constable PD, Trefz FM, Sen I, Berchtold J, Nouri M, Smith G, Grunberg W 2020: Intravenous and oral fluid
therapy in neonatal calves with diarrhea or sepsis and in adult cattle. Front Vet Sci 7: 603358

Critchley LA, Critchley JA 1999: A meta-analysis of studies using bias and precision statistics to compare cardiac
output measurement techniques. J Clin Monit Comput 15: 85-91

Fielding CL, Deane EL, Major DS, Mayer JR, Love JC, Peralez MS, Magdesian KG 2023: Effects of calcium
supplementation to resuscitation fluids in endurance horses: A randomized, blinded, clinical trial. J Vet Intern
Med 37: 1216-1222

Goulet EDB, Asselin A, Gosselin J, Baker LB 2017: Measurement of sodium concentration in sweat samples:
comparison of 5 analytical techniques. Appl Physiol Nutr Metab 42: 861-868

Goulet EDB, Baker LB 2017: Sweat sodium concentration: inter-unit variability of a low cost, portable, and
battery operated sodium analyzer. Int J Sport Nutr Exerc Metab 27: 528-532

Hayward G, Dixon S, Garland S, Glogowska M, Hunt H, Lasserson D 2020: Point-of-care blood tests during
home visits by out-of-hours primary care clinicians; a mixed methods evaluation of a service improvement.
BMJ Open 10: ¢033428

Kandeel SA, Megahed AA, Constable PD 2019: Evaluation of hand-held sodium, potassium, calcium, and
electrical conductivity meters for diagnosing subclinical mastitis and intramammary infection in dairy cattle.
J Vet Intern Med 33: 2343-2353

Marcom NN, de Camargo Campos L, Dos Anjos MC, Cunha VM, Dos Santos MG, Pereira PFV, da Costa Flaiban
KKM, Lisboa JAN 2024: Effects of two oral electrolyte solutions in healthy newborn lambs. Res Vet Sci 166:
105072

Megahed AA, Hiew M, Grunberg W, Trefz FM, Constable PD 2019: Evaluation of the analytical performance
of a portable ion-selective electrode meter for measuring whole-blood, plasma, milk, abomasal-fluid, and urine
sodium concentrations in cattle. J Dairy Sci 102: 7435-7444

Melo UP, Palhares MS, Ferreira C, Leme FOP, Gheller VA 2022: Effects of total parenteral nutrition associated
with glutamine, enteral fluid therapy with or without glutamine, and fluid therapy on the acid-base and
electrolyte balance of horses starved after exploratory laparotomy. Braz J Vet Med 44: ¢003222

Oyaert M, Van Maerken T, Bridts S, Van Loon S, Laverge H, Stove V 2018: Analytical and pre-analytical
performance characteristics of a novel cartridge-type blood gas analyzer for point-of-care and laboratory
testing. Clin Biochem 53: 116-126

Ro Y, Choi W, Hong L, Kim E, Choe E, Kim D 2022: Comparison of the bovine blood gas parameters produced
with three types of portable blood gas analyzers. J Vet Sci 23: 60

Wenge-Dangschat J, Steinhofel I, Coenen M, Tuchscherer A, Hammon HM, Bachmann L 2020: Changes in fluid
and acid-base status of diarrheic calves on different oral rehydration regimens. J Dairy Sci 103: 10446-10458

Wilms JN, Ghaffari MH, Daniel JB, Leal LN, Mica JH, Martin-Tereso J 2024: Water, mineral, and blood acid-
base balance in calves with naturally occurring diarrhea receiving two alternative oral rehydration solutions
or a placebo. J Dairy Sci 107: 202-219



Plate T

o

Blood iCa
LAQUAIwin

Fig. 1. The appearance and operation of the LAQUAtwin series used

Kondo N. et al.: Validation ... pp. 003-007

in this study

From top to bottom, LAQUAtwin Ca-11C, K-11, and Na-11, which measure iCa, K, and Na concentrations (A),

respectively. Drop 0.3 ml or more of blood onto the sensor (B), close
to measure the iCa/K*/Na" concentration and display the results (C).
of the calibration to the display of results.

the light cover, and press the MEAS button
It takes less than 3 min from the initiation
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Fig. 2. A Deming regression analysis (left) and Bland-Altman plot (right) of whole blood ionized calcium (iCa)
concentrationsincattle(top)and horse (bottom) among LAQUAtwin Ca-11Candi-STAT 1 under on-farm conditions.
Totals of 45 and 19 paired-point whole blood samples were obtained from steers and riding horses. A and C: Brown
and blue solid lines represent the line of identity (y = x) and the regression line with an intercept, respectively.

B and D: The solid line represents the mean difference between the
are indicated by dashed lines.

two methods and 95% confidence intervals
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Fig. 3 A. Deming regression analysis (left) and Bland-Altman plot (right) of whole blood potassium ion (K*)
concentrations in cattle (top) and horse (bottom) among LAQUAtwin K-11 and i-STAT 1 under on-farm
conditions. Totals of 45 and 19 paired-point whole blood samples were obtained from steers and riding horses.
A and C: Brown and blue solid lines represent the line of identity (y = x) and the regression line with an intercept,
respectively. B and D: The solid line represents the mean difference between the 2 methods and 95% confidence
intervals are indicated by dashed lines.

A 15K — B 0.1
14} Cattle Cattle
y =-0.0162 + 0.999 x -
s 131 = +1.96SD=0.05
= n=45 £ P et st
£ o
PARE! 2 2 %30
bt 5 & s 00 o
2 E 3 00fF = o o
3 10 5 3 Mean=-0.02
3 & < T
% S S G
0.9 o o
° W% . o
08 % o
- - ® ©
07 i
06 i / 01h ) . . . .
0.6 0.8 1.0 12 14 16 0.6 0.8 1.0 1.2 14 16
ISTAT-Ca2* (mM) Average Ca2* (mM)
Rl / 0.3
C Horse D Horse:
16 L
P 02
s +1.968D=0.11
E 14 QT T T T T T T T T T T T
& g =
S 12 s ool
P £ of 02
3 5 2 0.k
2 1o} L o B Mean=-0.09 ©
3 S 2
0.2 8%
087 ¥ =0.0374 +0.909 x e __ _9eSD=029
/f,’ n=19 03"
06 1 1 1 1 L 1 1
04k . . . . . .
0.6 0.8 1.0 1.2 14 16 1.8 20
[STAT-Ca2* (mM) 06 08 10 12 14 16 18

Average Ca?* (mM)

Fig. 4. A Deming regression analysis (left) and Bland-Altman plot (right) of whole blood potassium ion (Na*)
concentrations in cattle (top) and horse (bottom) among LAQUAtwin Na-11 and i-STAT 1 under on-farm
conditions. Totals of 45 and 19 paired-point whole blood samples were obtained from steers and riding horses.
A and C: Brown and blue solid lines represent the line of identity (y = x) and the regression line with an intercept,
respectively. B and D: The solid line represents the mean difference between the 2 methods and 95% confidence
intervals are indicated by dashed lines.



